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Abstract— Mobile Apps have tremendous potential for
use as very effective supplements to the exiting learning
modalitiesin a typical introductory Discrete Mathematics
course. In this article we consider the general nature of a
typical introductory Discrete Mathematics courses and
derive elements of design which are expected to make the
mobile Apps intended for use as supplements to such a
course more effective. We enumerate the elements of the
topical coverage and inherent characteristics of typical
introductory Discrete Mathematics course, and the
benefits of a mobile App course supplement. We then
present the design aspects and desired salient features of
mobile Apps intended for uses as supplementsin a typical
introductory Discrete Mathematics course, and the
elements of user experience (UX) of such an App. We
believe that several of these design elements could be
adapted across several different courses and disciplines
to enhance the learning experience.

Keywords—Course supplement, Design elements of
Apps, Introductory Discrete Mathematics course,
Mobile Apps, User Experience.

I.  INTRODUCTION

We have been witnessing the profound impacts ol
Mobile Apps on almost all facets of our lives. Amcrete
examples, in the short seven years since they

introduced, the number ofahile Apps available in eac
of the App Store and Google Play was about 1.5idil
in 2015. The total number of iOS App downloads 012
was 25 Billion and the total number of Android A
downloads in 2015 was 50 Billion. The average t
spent by an aduin 2015 has been about 3 hours per
on mobile devices alone.

Although the mobile Apps span a diverse varietyareas
and applications, there has been a paucity of Agg
course supplements in the higher education dor
There are tremendoapportunities in higher education
leverage the mobile Apps for smartphones and it
serve as supplements to traditional lectures axtideks,
contributing to the enhancement of the effectivenet
learning/teaching beyond the class room. Thportant
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thing to note is that such mobile Apps are

replacements for classroom lectures and textbaakiser
supplements which fill several gaps in the learr
process.

In this article, we make a case for the use of MoBpps
as effective supplementof an introductory Discre!
Mathematics course. During a typical introduct
Discrete Mathematics course students are requirecsd
critical thinking skills, problem formulation, logal
deductions, counting techniques, and mapping wve
descriptionsof problems to mathematical objects
problems. Mobile apps are well suited for aiding
students in the understanding of concepts in arélis
Mathematics course. Such a Mobile App needs to
into accountseveral factors across different dimens,
as shown in Fig. 1.

(Discrete Math Course

Characteristics

Pedagogical Design Factors
Factors @ of the Mobile App

‘ User Interface / User

Experience Factors

Fig. 1. Major dimensions to be considered in deriving the
design factors of a mobile App supplement in an
introductory Discrete Mathematics course
These are (a) the specific characteristics of ®piscrete
Mathematics; (b) mohké device and user characteristi
(c) pedagogical issupgqc) the factors related to user

interface and user experiel (UX).

Some of the characteristics of a typical introdog
Discrete Mathematics course are that they invol(e@
guantitative elemdn (things are very well defined a
not much room for qualitative, subjective, or amimgs
judgments), (b) significant computations, (c) \-defined
arguments, proof methods, and derivations to dste
conclusions from a set of premises, (d) succe
building upon already established facts and trugte
Some of the pedagogical issues to be supported
typical introductory Discrete Mathematics course: §a)
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independent thinking, (b) analytical skills, (c)ilding on
existing proficiencies, (dproblem representations, |
mathematical reasoning /argumentation, (f) pi
methods, (g) abstraction, (h) generalization,

Some of the major user interface factors to be idensd
at a lower visual level are: (a) Fonts and sizescélors,
(c) contrasts, (d) textures, (e) borders, (f) icons)
graphics, etc. At a higher user perception levs factors
to be considered are: (a) menus, (b) interacti()syuse
and mapping of realorld metaphors, etc. The factc
need to be considered in thentext of the mobile devic
constraints and user characteristics such as,irtaed
screen sizes of devices, (b) limited interactionrde®on
devices, (c) changing contexts of mobile usersliajed
attention spans of mobile users, etc.

Incorporation of the design elements developed in

article into mobile Apps intended as supplementsui
introductory Discrete Mathematics course is expbdte
provide not just a platform for getting answers
guestions, but to provide an interactive, fun, creative
environment for learning concepts in Discr
Mathematics. A welldesigned App makes it engaging
the students, lowering their effort needed to usiderd
concepts, while leveraging the instructors’ effoits
conveying hard and abstract coneprhis results in a
enhanced teaching and learning experie

Il. RELATED WORK

The rapid pace of development of mobile technol®
and their tremendous impacts on education domare
necessitated new thinking in the development oterun
teaching, andearning. Due to space limitations, only
few samples of the work in this area is given i
section. The adoption of mobile technologies irrMaay
environments and some of the design requiremer
given in [1, 2]. The recent surge in the devment of
Apps for smartphones has given a new impetus terat
mobile learning related initiatives. These havensiea
several areas such as (a) development of mobileeict
and applications, (b) research into pedagogicalessn
using mobile devicegfglications in learning [3, 4], (¢
study and evaluation of the effectiveness of moBigs
in learning [5], etc. A brief summarization of somwiethe
literature related to mobile learning is given ®].[A
survey of perceptions by students of mobilerning and
how it might enhance their present learning cajisdslis
givenin [7].

In [8] some guidelines for learning in mobile emviment
are given, including defining mobile learning innes of
a flexible model to enable developers, tutors, laamners
to identify learning practices and effective pedsgs,
and identifying key elements unique to mobile |é&agn
Reports of several work related to pedagogicaleissn
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science, math, and technical education have
compiled in [4]. The effectiveiss and usefulness of
mobile technologies in augmenting traditional téagl
methods and in increasing the student engagel
motivation, and interaction is given in [9]. In [5} is
shown that the value propositions for engineering
liberal arts protams are significantly different. Mo
work in the design elements and in the effectivenaf
mobile Apps in higher education, especially
engineering and related sciences are ne

M. SMARTPHONE APP AS SUPPLEMENTS IN
INTRODUCTORY DISCRETE
MATHEMATICS COURSES
Although there have been several Apps used in atiag
they are mostly for administrative purposes suct
institutional and departmental information, mapsd
directions, information about programs and cout
calendar of events, etc. Howevethere has not been
widespread use of smartphone Apps as leat
supplements in higher education, especially
Engineering and Computer Science courses. Theee
tremendous opportunity to develop suitable Appsciv
could act as powerful catalysts anupplements for
learning the concepts in the above courses. Wesiem
great opportunities for the adoption of Mobile Apas
course supplements in engineering and related czsein
higher educational institutions. In this paper, faeus on
the benefits features, and design elements of ma
Apps in the context of a typical discrete matheo
course.
3.1 Course content in a typical introductory discrée
mathematics course
There are numerous textbooks and syllabi adopte
introductory Discrete Matimatics courses. The topical
coverage in a typical introductory Discrete Math&os
course based on a subset of chagof [10] is shown in
Fig. 2.

Typical Coverage in Introductory
Discrete Mathematics Course

Sets and Logic | | Proof methods

Functions and Boolean
Relations Algebra
Counting Recurrence
Methods Relations
Elementary Automata, Grammars,
Graph Theory and Languages

Fig. 2: Topics covered in atypical introductory discrete
mathematics course
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First, the notion of setsnd the operations on sets
introduced. Then the foundations of logic such
propositions, logical operators, predicates andtifiers,
nested quantifiers, and methods of proof are ptede
This is followed by the concepts of functions, typef
basic functions (one-tone, onto, and or-to-one and
onto), relations, and basic properties of relat
(reflexivity, symmetry, transitivity), and types ddlations
(partial order, equivalence relations). The corsept
Boolean algebra and Boolean funasp which play ¢
central role in the design of digital logic cirauire ther
covered, followed by logic gates and building b:
circuitry using logic gates. The basic counting moelis—
permutations, combinations, binomial coefficiel
generalized perotations and combinations, and
advanced counting methods recurrence relation:
generating functions, and inclusiaxelusion, are a
important part of any discrete mathematics cot
Introduction to graph theory, representation ofpbsa
several ofthe interesting graph properties, and a
elementary and useful graph algorithms are covane
almost all discrete mathematics courses. Basic eziés
of automata, grammars, and languages are alsoexbire
some courses, which form the basics / beound
material for courses on Automata Theory, Programr
Languages, and Compilers.

3.2 Key skills to be learnt in atypical introductory
discrete mathematics course

The previous subsection outlined the major tor
coverage of a typical discrete matheicgtourse. In thi
subsection, we present the key skills expectedtedrnt
in a typical introductory discrete mathematics se\

which are shown in Fig. 3.
'

Key Skills to be Learnt in Introductory
Discrete Mathematics Course

- -

| Gensralizetion H Abstracion |
Logical Incuction ard ' Froof
Thinking Rerrsinn Caonstruction

WarkLs Sourting ‘

Analytical Probdemn
Technigaes

Solv ng

| nvaingy frar Paterms m
Problems and Szlutione

eyyicAl Meirticns §lsing
“acls and Pulas

Fig. 3: Skills expected to be learnt in a typical
introductory discrete mathematics course
Generalization helps students of Mathematics
Computer Science extend the properties applicabla
small set of elements (or a few examples) to thgekt
set of elements possible. Abstraction is a skt thelps

students in several areas of Coner Science.

Abstraction is a technique which helps man
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complexity of computer systems. It establishesvallef
detail on which to interact with the system by
provision of welldefined interfaces to the level below
current interaction level v suppressing the more
complex details of the lower level. It is an extedy
crucial concept since in computing systems, thgeaof
entities and concepts range from™ to 10" Without
the concepts of abstraction, it would be practc
impossible tocomprehend and design systems consis
so many levels. Induction and recursion are immpb!
concepts crucial to algorithm and program develagn
Logical thinking and reasoning, and proof consiarc
are central to establishing the correctness gorithms
and programs. ldentification of patterns is a \
important skill which plays a key role in generatipn,
algorithm development and program construction,
large-scale software development. Analytical probl
solving involves the ability to isualize, formulate,
conceptualize or solve problems based on the dla
information and constraints pertaining to the peotl
Counting techniques are used in determining theipla=
outcomes of experiments, programs, design anddtda
for testing hardware and software, algorithm analy
discrete probability, etc.

3.3 Expected benefits of the mobile App cours
supplement

The expected benefits of a wdesigned mobile App
supplement in a typical introductory Discri
Mathematics course is sumnzed in Fig. 4, and briefly
described below.

Major Benefits of Mobile Apps as W
Course Supplements

Anytime /
Anywhere Use

Self-Paced Learning
and Self-Assessment

Reinforcement of
Abstract Concepts

Exploratory Learning
Experience

Interaction / Virtual
Hands-on Experience

Engaged Learning with Rich
Multimedia Content

Enhanced
Retention

Continuous Learning
Experience

Dynamic
Updates

Fig. 4: Expected benefits of a Mobile App supplement in
introductory Discrete Mathematics course

Since the Apps are inanimate, the slow learnerddmoot
have hesitation to use them repeatedly to lear
reinforce concepts they have particular difficultgth.
This, combined with the entertaining/engaging aki
would be a motivating factor for ing the App for
learning. The incorporation of appropriate posi
feedback would provide encouragement in additio
motivation.
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Repetitious use of content will enable reinforcaigstrac
concepts. Due to limited times in class rooms, titpes
may rot be possible/practical (beyond a limited numk
and without an App, the only recourse for motive
students are sefkading, discussion with classmat
tutoring, etc. Mobile Apps facilitate repetitioussa
enabling retention.

The Apps can be desighemaking use of judiciou
combinations of text, graphics, audio, video,
animation to provide virtual hanast experience. Mobil
Apps provide by ‘any-time’, ‘anwhere’ access
supporting continuous learning. Apps, by their iatgive
and media rich rtare, would also facilitate exploratic
and experimentation, which are highly essential
comprehend and gain insight into abstract conc

The Apps could be designed to be exploratory
opposed to being limited to a narrow scope)
incorporating nmerous related content, and by provid
support for non-linear navigation, crossferencing, an
even making crosslisciplinary connections, ¢
appropriate.

The Mobile Apps can evolve continuously using dyita
updates based on newer examples, incorion of
(newer) gameike interactions, more effecti
interactions and sel&ssessments, etc. Thus they couli
continually improved to better serve the users n
effectively.

3.4 Desired salient features of the mobile App cose
supplement

We have ideiriied several desired salient features c
mobile App used as a supplement to an introduc
Discrete Mathematics course are shown in Fig, 5
brief descriptions of each of these are given be

Apps as Supplements in a typical

Desired Salient Features of Mobile ‘
Discrete Mathematics Course

Presentation of Concepts in
Multiple Ways / Perspectives

Vast Variety of Examples
beyond Lectures / Book

Filling in Details not covered in

Animations of Interactive
Lectures / Book

Cause-Effect Models

Interactive Self Assessment

with Feedback

Interactive Step-bw-Step
Problem-Selving Aid

Interactive Animations of Relationships
Between Multiple Variables

Fig. 5: Desired salient features of a Mobile App
supplement in introductory Discrete Mathematics course
Varieties of figures and examples related to cots;
from sources other than the textbook, are desirédp
facilitate different views. Many times, the expasits of
the same concept are done infetiént ways in differer
books and other sources. Inclusions of these woatdr
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to different learning styles. Material from otheyusces
(ex. Wikipedia) would be immensely useful in filljrin
several details and up-ttate content not found in
textbook.
It would be easier to build into an App multiple ygaof
explaining concepts, and building examples ac
multiple applications. This would facilitate categi to
students with different capabilities, interests] &marning
styles. Interactivity is &sy to build into a mobile Apj
This can be advantageously used to provide «by-step
aid for concept learning and problem solving. Ariora
and graphics facilitate the comprehension of c—effect
models of a realworld systen
The interactive selfassessment component draws upi
large pool of questions with varying difficulty lels. The
self-assessment test presents questions to the leara
progressive manner, with questions of gradu
increasing difficulty. Based on the answers prodicthe
App (system) determines the level of comprehensio
difficulty areas of the learner, and focus moretbase
areas by providing more examples and assess
guestions as needed. Thus it may have some for
personalization built in in the form semce of questions
suited to the individual learners in order to reick the
weak areas.
The relationships of two variables is easy to cahpnc
— when one of the variables is an independent var
and the other a dependent variable, one can obgke
behavior of the dependent variable over the rarighe
independent variable. However, when multiple vdea
interact with each other, it becomes extremelyidaift to
understand the effect of a few variables on thersthAn
interactive animationamponent would be greatly aid
the above task.
3.5 Major user experience (UX) factors to b
considered in the design of the mobile App cours
supplement
The approaches to usability issues with respeatdbile
learning in the context of PDAs which hawbeen
compiled in [11] are relevant in the Smartphonetext
as well. The “Five Es” of usability of a productcacding
to [12] are very much relevant to Apps. Since
usability of Apps is very crucial from a use
perspective. A product is usable w it is (a) effective,
(b) efficient, (c) engaging, (d) easy to learn, &)cerror
tolerant. It is effective when it affords goal
accomplishment with minimum efforefficient when it
allows rapid task completion with few erroiengaging
when it offers ejoyable da-to-day operationgasy to
learn when it supports rapid initial skill acquisition ch
expanded skill development with experiencerror
tolerant when it prevents errors and supports €
recovery.
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Special considerations must be given to tlesign of
content and user interfaces for mobile devices
applications. Some of the major con-related issues
that need to be addressed in mobile environmers:
presented in [13]. A model and some issues for
consumption experience of digital eddional conten
have been proposed in [14]. The proposed mod
expected to aid the designers and developers atald
educational content and services in enhancing ahéeat
consumption experience.

The user experience (UX) factors that we propo. be
considered in the design of the mobile App supplar
are summarized in Fig. 6, and are briefly describeldw

Major User Experience Factors of the Mobile App
Course Supplement for Successful Adoption

Intuitive Ease of

Interface Use Affordances Load

Unambiguous | | Minimal Cognitive

Consistency of Interactions
and Navigations

Engaging Interaction
/ Immersion

Fig. 6: Major user experience (UX) factors of a Mobile
App supplement

Intuitive interface. An intuitive interface does not requi
detaikd instructions and does hardly have any lear
curve. The elements of the interface are thoudht
designed and judiciously laid out. This makes #ttmal’
for users to use.
Ease of use. An easy—todse interface is important for tl
App to be appaling. The interface should hide t
underlying complexities of functions and operatido:
enable the users to use the App effectively to laplish
the intended uses. The average number of (atorsi)
actions (ex. Key clicks / taps) to accomplish &k is
minimal.
Unambiguous affordances. An affordances a property of
an object, or an environment, which allows an irdlial
to perform an action. In the context of hur~computer
interaction (HCI) it indicates the easy discoveligbiof
possible actions. In the case of mobile Apps,
affordances shodlbe unambiguous to enable selectiol
actions to achieve intended operations,
eliminate/minimize the number of backtracki
Minimal cognitive load. The average number of levels
the navigation to accomplish a given task / funiay
contributesto the cognitive load. Minimal cognitive lo:
is extremely important for acceptance of mobile &
especially when used as supplement to learningh \&
low cognitive load, the user can focus more onctirgent
and the learning aspects.
Engaging interaction/immersion. The interactions shoul
be designed to be engaging and immersive to sutta
interest of the user to the point of finishing tasks. This
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is especially important considering the fact thae
attention spans of mobile users are re short.
Consistency of interactions and navigations. The
interactions and navigations should be consisterdsa
tasks and functionalities. This makes App easyetrr
and to use, with reduced cognitive burd

V. CONCLUSION

The mobile Apps are just beging to make inroads in
the higher education domain, and there is tremen
potential for Apps to supplement traditional couvaark
and textbooks. In this article, we outlined theunatof an
introductory Discrete Mathematics course, and
expected begfits, the desirable salient features, and
user experience factors that must be considered
mobile App for use as supplement in a typ
introductory Discrete Mathematics course. \—designed
Apps acting as supplements to traditional lectuaae
textbooks have the potential to enhance the efiectiss
of teaching, and to enhance the learning experi
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