INTERNATIONAL ISO/IEC
STANDARD 29140

First edition
2021-11

Information technology for learning,
education and training— Nomadjicity
and mobile technologies

Technologies de l'information peur l'apprentissage, I'éducatfon et la
formation — Nomadisme et'technologies mobiles

Reference number
ISO/IEC 29140:2021(E)

© ISO/IEC 2021


https://standardsiso.com/api/?name=6cba78feb36650e3acaad44a327e507c

ISO/IEC 29140:2021(E)

COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2021

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=6cba78feb36650e3acaad44a327e507c

ISO/IEC 29140:2021(E)
Contents Page
FFOT@WOTM.........cccocveveveesesee st iv
IIMEIOMUICTION ...t \%
1 SCOPI@ ... 1
2 Normative references
3 Terms and definitions
4 Abbreviated terms
5 Examples of mobile learning applications
5.1 Online student use of mobile devices for learning ... oo 3
5.2 Fluent speaking in English/fluent reading w3
5.3 Digital textbook for innovative learning. ... 3
54  Mobile learning technology among final year medical students, ...z 3
5.5  Augmented reality training SyStem ...y s
5.6  App for exam practiCe ...
5.7 Implementation of app for academic success..
5.8 Tutoring, games and applications for language learnmg
59 Evaluation of key factors that affect learner-empewered emergent technology
INE@GTATION ..o e
5.10 Other examples of mobile technology for learning
6 Learner information for mobile learning..........3x .5
6.1 GeNeral. ... Do w5
6.2 Learner information model for mobileléarning. .6
6.3 Minimum recommended learner infOrmation ..., 7
6.4 Optional learner iNformMation ..z, e 7
6.5 Dimensions for optimal learnerexperience .8
6.5.1  GENETAl ..o B 8
6.5.2  Learner dimMenSiO .. ... sssseessssseesssssseesssssseessssseessssseee posseeesnoeeesne 9
6.5.3 Content dimension for individual learner needs ... | .9
6.5.4 Device capability dimension to maximize the use of the mobile device...|....... 10
6.5.5 Connectivity dimension to perform at different connection speeds.........}.cccc...
6.5.6 Coordination
7 Learner interaetion with mobile learning system
7.1 L0T<) 41 = § et
7.2 Learhers......
7.3 Résources .
7.4 ITLET system
7.5 Devices......cco.
76 58N <) = Lo OO
7 EDIVITOIITIEIIT ..ot
8 Additional considerations 0000000000000 16
Bibliography

© ISO/IEC 2021 - All rights reserved

iii


https://standardsiso.com/api/?name=6cba78feb36650e3acaad44a327e507c

ISO/IEC

29140:2021(E)

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work.

The prodedures used to develop this document and those intended for its further maintenan
are descfibed in the ISO/IEC Directives, Part 1. In particular, the different approval (criteri
r the different types of document should be noted. This document was .drafted |i
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Introduction

Since ISO/IEC TS 29140-1:2011 and ISO/IEC TS 29140-2:2011 were published, there have been many
technological innovations and increasing use of mobile technology in learning, education and training
as indicated in many of the review and meta-analysis studies on mobile learning[tI[2l(3][2][2][6], These
two documents were updated and replaced by ISO/IEC TS 29140:2020, which has now been replaced by
this document. The growth in active mobile-broadband subscriptions has increased significantly, with
penetration rates increasing worldwide from 4,0 subscriptions per 100 inhabitants in 2007 to 69,3
in 2018.7 The number of active mobile-broadband subscriptions have increased from 268 million in
2(07To 5,3 billion in 20187 Thaddition, almost the entire world population, or 96 %, now 1ives within
repch of a mobile cellular network. Furthermore, 90 % of the global population can access)thg internet
through a 3G or higher speed network[Zl. This is placing a sense of urgency to revise thestarjdards for
the use of mobile technology in learning, education and training.

Atjthe same time, the technology, and the application of the technology, is changing at a fasf rate. For
example, 3D glasses are being used for virtual reality, augmented reality and mixed reality; pnd voice
input and output are being used for language training. In 2020, a bibliometric review of 450 articles
was conducted on mobile earning in higher education research using bibliometric methods. The results
inflicate that use of mobile learning is increasing[8l.

Agq schools, governments, organizations and businesses around the&\world design information for access
by mobile devices, there is increased need to set standards for how information should be|designed
for delivery on mobile technologies to support learning, education and training. This incredsed need
is|heightened by demand for learning and training matérials that can be shared easily| between
organizations and learners and made available to those in any geographical location. Mobilg¢ learning
hgs the potential to provide learners with enhanced-access to information and learning matgrials and
glidance and support from anywhere rather than ffom a specific geographical location at|a certain
tilne. When mobile learning is implemented thoughtfully and well, it has the potential tq increase
efficiency and productivity for learning, eduéation and training within different sectors (elg. public,
prfivate, voluntary).

Mobile technologies, in addition to being a communication device, provide easy access to pinlimited
learning materials at any time and-any place, which allows for student-centred learning and| provides
learning according to individual differences and needsl2l.

Mobile learning has the potential to provide learners with new opportunities to connect with other
learners, to interact with teachers and trainers, and to co-create collaborative learning envifonments.
THis is a critical issue forjlearners who live in remote locations lacking wired connections/[2I[19],

—

There are a numbérof research teams in organizations and communities who are working ¢n mobile
learning. Many.tfesearch studies and projects have been completed on the use of mobile technology in
education and training. Additionally, work is already in progress in various countries around the world
or] related €opics such as learning in different contexts, learning while on the move and the usg of hand-
held coniputers in learning.

It jsdmportant that the design, development, implementation and evaluation of mobile learnipg within
learmimg;educatiom and-traimmg enviromments takes ptace T a marmer tirat Ts—searnrtess; fiexible and
integrated. In short, mobile technology needs to be seamlessly integrated into teaching and learning
activities that are supported by information and communication technology (ICT) in general. A review
of models and frameworks for designing mobile learning experiences described different learning
strategies for using mobile technologies in learning[11l. These include:

a) context-aware learning where learners can learn in their own context using wireless connection,
global positioning systems, satellite connection and mobile apps;

b) seamless and ubiquitous learning on the go and learning from anywhere because of the portability
of mobile technologies; this learning strategy is important for the nomadic learners who move from
one location to the next;

© ISO/IEC 2021 - All rights reserved v
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c) game-based learning where learners are presented with different scenarios and challenges during
the learning process;

d) mobile computer-supported collaborated learning where students use mobile technologies to
interact to complete learning activities in groups.

In the past, use of mobile technologies, because of their small size and portability, have been beneficial
to nomads; however, the current mobile technologies are more powerful and they are being used in
different locations and different contexts for learning. For example, mobile technologies can be used

maintainfa piece of equipment; in a museum to give presentation ofah nt;
in a college to give students a virtual tour of an archaeological site, etc. The potential use of nmobjle
technology is unlimited; its use will depend on the creativity of the instructional designer-teacher [or
trainer. An analysis of 113 global research studies on mobile learning in pre-kindergarten to Grade |12
levels foulnd that 62 % of the studies reported positive outcomes, meaning that the majority of studies
found thdt the use of mobile devices in a learning activity resulted in increased studént learning(3]] It
also reported that the majority of the studies (50 %) took place in formal educational contexts whil¢ a
setting cqmposed of both formal and informal settings accounted for 27 % of the educational contexfs,
and the r¢maining 23 % of the studies took place in informal settings.

Mobile d¢vices have been around for many years but are becoming mote sophisticated. At the same
time, thefe remain limitations and challenges when using mobile deyices. For example, some learndrs
find that|the screen size is small when reading information and the)keyboard too small for enteripg
informatijon. To help with these limitations, researchers are devéloping mobile devices with virtyal
screens and keyboards and voice input and output options, which will help to overcome some of these
challenggs and limitations. In addition, 3D glasses have been developed to address the issue of scregen
size and data entry.

vi © ISO/IEC 2021 - All rights reserved
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Information technology for learning, education and
training — Nomadicity and mobile technologies

1

Scope

learning,
education and training environments to reflect the specific needs of mobile participantg. It gives
gyidance on the use of a learner information model for mobile technology in learning,\educption and
training (mobile learning).
This document can be used as a reference by software developers, implementers, insfructional
dgsigners, teachers, trainers, automated systems and learning management systéms.
2| Normative references
There are no normative references in this document.
3| Terms and definitions
Far the purposes of this document, the following terms-and definitions apply.
ISP and [EC maintain terminology databases for use'in standardization at the following addr¢sses:
— ISO Online browsing platform: available athttps://www.iso.org/obp
—|{ IEC Electropedia: available at https:/iuww.electropedia.org/
3.1
adaptive design
creation of multiple versions of a web page to better fit the learner’s device rather than a sirgle static
pdge that looks the same onsallidevices
3.2
arftificial intelligence
Al
brpnch of computer science devoted to developing data processing systems that perform [functions
ndrmally associated with human intelligence, such as reasoning, learning (3.4) and self-improyement
[SPURCE:1SO/IEC/IEEE 24765:2017, 3.234]
3.B
augmented reality
virtual objects superimposed upon or composited with the real world
Note 1 to entry: Virtual and real-world objects co-exist in augmented reality systems.
3.4
learning
acquisition of knowledge, skills or attitudes
[SOURCE: ISO/IEC 2382-36:2019, 3.1.1]
© ISO/IEC 2021 - All rights reserved 1
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3.5
learner information
recorded information associated with learners and used by learning technology systems (3.6)

Note 1 to entry: Learner information may be created, stored, retrieved, used, etc. by learning technology systems,
individuals (teachers, trainers, learners, etc.), and other entities.

[SOURCE: ISO/IEC 2382-36:2019, 3.7.1]

3.6

learning technology system
LTS
informatijon technology system used in the delivery and management of learning (3.4)

3.7
mixed reality
display cpntinuum in which both real and virtual images are combined in some way and in soine
proportidn

Note 1 to|entry: Augmented reality (3.3) and virtual reality (3.16) are considered to\b& on the mixed realfty
continuuny.

3.8
mobile lgarning
m-learning
m-learn
learning ([3.4) using information and communication technologies'in mobile contexts (3.9)

3.9
mobile cpntext
learning ([3.4) that can occur in any location because gfthe portability of the mobile technology (3.10)

3.10
mobile t¢chnology
lightweight devices that learners can conveniently take anywhere to learn and mobile network that
learners ¢an access from anywhere

3.11
massive ppen online course
MOOC
free openfonline course that{is)available for anyone to enrol and complete

3.12
nomadic|learner
learner wiho movesfrom one location to another with relative frequency

Note 1 to gntry:Phe learner has to access the learning materials from different locations, varying time zones ajnd
within angther‘environment during a single learning episode.

3.13

responsive design

method for web page construction to detect the user’s screen size and orientation and dynamically
change the layout accordingly

3.14
seamless learning
learning (3.4) in different contexts using multiple devices

3.15
ubiquitous learning
learning (3.4) that is stimulated and supported through diverse channels and always readily accessible

2 © ISO/IEC 2021 - All rights reserved
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virtual reality
artificial environment presented using computer technologies
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Note 1 to entry: Virtual reality has a high level of immersiveness, fidelity of information representation and
degree of active learner participation compared with other forms of mixed reality (3.7).

4 Abbreviated terms

Al artificiatimtettigence

IC information and communication technology

ITLET information technology for learning, education and training

LNIS learning management system

L4MS learning content management systems

MALL mobile applications for language learning

MOOC massive open online course

09 operating system

5 Examples of mobile learning applications

5.1 Online student use of mobile devices:for learning

A longitudinal and cross-sectional mixed methods study employing the community of inquiry|(Col) and
framework for the rational analysis of. mobile education (FRAME) models to examine the use|of mobile
dgvices among graduate students at-ofie online North American university. See Reference [12].

5.2 Fluent speaking in English/fluent reading

Mobile learning applicatighs-can be used to train learners to improve their English-speaking skills. A
regent meta-analysis study examined the overall effectiveness of using mobile devices on|language
learning. The meta-analysis was based on a synthesis of 84 separate studies from differenf sources.
The medium-to-high overall effect size for mobile devices on language learning achievement{confirms
the positive bengfits of using mobile devices in language learning. See Reference [13].

5.3 Digital textbook for innovative learning

The Ministry of Education in South Korea and the Korea Education and Research Informatidn Service
(KERIS) developed and implemented digital textbooks in an advanced form that overfome the

limitations of paper textbooks, improve classroom lessons, and enable personalized teaching and
learning. The digital textbooks can be accessed by mobile technologies. See Reference [14].

5.4 Mobile learning technology among final year medical students

A cross-sectional descriptive study conducted among final year undergraduate students at the
University of Nairobi, College of Health Sciences. This study aimed to assess the use of mobile learning
technology as well as exploring the challenges that impede adoption of mobile learning technology in
the target population. See Reference [15].

© ISO/IEC 2021 - All rights reserved
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5.5 Augmented reality training system

An augmented reality training program was developed by an augmented reality organization to train
industrial sales and service workers on how to dismantle and re-assemble an accentuator valve.
The trainee used tablets or augmented reality glasses, or both, with positioning markers to overlay
holographic, step-by step instructional images on a real-world accentuator valve to dismantle and
re-assemble the valve. The project was evaluated using a pragmatic mixed-methods approach. See
Reference [16].

5.6 Appfor exam practice

Malezi exfam practice is a mobile friendly web application that generates examination revision cohtgnt
for learn]ng and testing readiness for final level exams in both primary and secondary school. See
Reference [17].

5.7 Implementation of app for academic success

The University of Waterloo, Ontario, developed a tri-lingual (English, French, Chidese) mobile learnipg
applicatign designed to facilitate anywhere and at any time academic integrity training. The projg¢ct
is designed to improve student engagement with academic material by exploring mobile learning|to
better rejonate with the university/college student population. The app has the capacity to provide pn
e-certifichte and digital badge upon successful completion of the modulelessons. See Reference [18].

t

5.8 Tutoring, games and applications for language learning

The purplose of the FirstVoices mobile applications for language learning (MALL) is to preserve ahd
to promolte First Nations languages. Over 60 Aboriginal:languages are archived, some only availalple
to members of that community. The resources are used by First Nations communities in Canada |to
teach, learn and document their words, phrases, songs; stories and other digital community resourcgs.
FirstVoicgs also serves as central language data platform for other applications. See Reference [19].

5.9 Ev3aluation of key factors that affect learner-empowered emergent technology
integratjon

Wark’s digsertation sought to determine what key institutional, curricular, instructional and contextyal
factors ahd, ultimately, what educational paradigm most enabled online graduate level learners |to
integrate|emergent technologies for learning on demand. See Reference [20].

5.10 Other examples-ofmobile technology for learning

As the upe of mobileitechnologies grows around the world, the infrastructure to support mobjle
learning {s being.jmproved to allow access anywhere and at any time to learning applications, servides
and content. In\Several countries, corporate, academic and government organizations are usipng
existing lparhing management systems to implement and provide support for mobile learning. In sotpe
countrieg, ‘connectivity is sufficient to allow learners to access learning resources and participqte
in teaching and learning activities through connecting to networks using mobile devices. There is a
shift from wired to wireless connection that will facilitate the use of mobile technology in learning.
Mobile learning is being used to improve access to learning materials and services that will facilitate
individual learning, education and training from anywhere and at any time. Additional examples of
mobile learning applications include the following:

— Educational organizations are making their digital learning materials available as open access so
that the materials can be re-used at no cost providing the materials are used for education. In most
cases, the materials can be accessed using mobile technologies.

— Use of artificial intelligence (Al) to adapt learning to meet individual learner needs.

4 © ISO/IEC 2021 - All rights reserved
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— Organizations are developing and delivering massive open online courses (MOOCs), which are free
for anyone to participate. In some cases, learners can complete the MOOCs using mobile technologies.

— Countries and organizations are using mobile technologies to educate refugees who live in camps
and cannot go to school, so that they can get the knowledge and skills to be integrated into society.

— Inlarge geographically dispersed countries, mobile technologies are used to facilitate the delivery
of information and learning materials to learners in any geographic location. Universities are
developing digital repositories that have courses that link to learning resources, allowing learners
to access course materials from anywhere and at any time using a variety of technologies, including

lala t 1 1
ITIUUIICT LCLIIIIUIUS_)’.

—{ Mobile learning is being used to train immigrants who require language instructionin|a second
language while they work at the same time.

— Organizations are converting courses for mobile delivery for the conveniencé.of learning at a time
and place that meets individual learners’ needs.

Mobile learning applications are being used to in the following ways:
—|{ Send daily information from schools and universities to students.

— Gather immediate feedback and response data from students using mobile phones as|part of a
classroom response system.

—|{ Assess learner levels of understanding or skills, associated with rich media content.
— Browse videos of recorded lectures.

—{ Support problem-based or collaborative learning in real situations, such as exploring myseums or
cities to find out relevant information to solze a given problem.

— Support interactions with an intelligent software agent capable of adapting to the heterjogeneous
mobile computing environment. The agent can search for a conversion tool according to tHe desired
format and convert the course-materials automatically. The agent is able to understand mobile
clients’ device capabilities. In©nder for the server to know what type of course material |the client
wishes to receive, the client needs to provide information on the software and hardware cdpabilities
of the device to the server,"However, devices do not normally carry any information alpout their
capabilities with respectto affordances available for learning, education and training actjvities.

6| Learner information for mobile learning

6.1 General

Informatien‘about the learner is used to determine how required learning materials infrastrugture and
supportare all tailored for mobile learning. Learner information for mobile learning is similar fo learner
infofmation for e-learning. Additional learner information is required to support mobile lgarning in
differentsituations tiat Ay Teflect Contextual efements SuciT a5 the mobitity of the tearmer and the
nature of the surrounding environment (e.g. infrastructure to support ubiquitous learning). The use of
mobile devices to support mobile learning can be considered along different dimensions including the
location and mobility of the learner and the embeddedness of the learner in the real environment or in
context. In e-learning with desktop or notebook computers, the learner mobility and embeddedness
are low. In mobile learning, learner mobility and embeddedness are high[12l. To adequately support
mobile learners engaged in learning, education and training activities, information technology systems
need to consider the specific context of the mobile learner with respect to dimensions such as mobility,
embeddedness, learner preferences, content, device capabilities, connectivity and coordination.

Mobile learning provides flexibility for learning since it enables learning facilitated by a diversity of
mobile devices. Mobile learning content is delivered in chunks and the mobile device can allow for
synchronous, spontaneous interactions. In mobile learning, the learner is always connected and

© ISO/IEC 2021 - All rights reserved 5
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learning is networked because of the connectivity of the mobile devicelZl; however, the learner may
connect for a short time to download an app and then learn using the downloaded app. Mobile learning
provides learners with opportunities to learn outside of the classroom or workplace since the learner
can learn from anywhere and at any time. Organizations use both e-learning and mobile learning;
however, mobile learning provides more flexibility to learn and can allow for improved communications
between learners and between learners and teachers.

6.2 Learner information model for mobile learning

Figure 1 shows a learner information model for mobile learning and the support systems for mobile
learning.[More information regarding learner interactions with mobile learning systems is provided|in
Clause 7.

Dimensions
for optimal
learhér
experience

Figure 1 — Learner information model formobile learning

The learrer is at the centre of the mobile learning suppofrtsystems model. Other aspects that are part
of the mddel and impact on learner experience includeicontent, device, coordination and connectivify.
The minijnum recommended elements are identified\in Table 1 (see 6.3). Each minimum recommendgd
element has been included under the relevant @spect of the learner information model for mobjle
learning.|There are also optional elements ingluded in 6.4 that have been grouped under the related
aspect. It|should be noted that the list of optional elements is not exhaustive and is further expanded|in
6.5. Ideally, the elements within each aspeét of the learner information model for mobile learning qre
viewed a$ dimensions that, when considered holistically, can assist in providing an optimal experierce
for learngrs engaged in mobile leapning activities. It should be noted that mobile learning activities gre
inherently dynamic, connectivity can change during sessions, learner preferences for presentation chn
change d¢pending on externalfactors such as noise in the surrounding environment or internal factqrs
such as fatigue. Although in-depth details regarding privacy are beyond the scope of this documenpt,
several elements have béen noted as possibly having potential privacy issues. Further discussipn
regarding possible techhical solutions to these potential privacy issues is not included in this document.

6 © ISO/IEC 2021 - All rights reserved
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6.3 Minimum recommended learner information

Table 1 — Minimum recommended learner information model for mobile learning

Minimum recommended learner
information

Description

Learner

Geographical location of the learner?

Since the mobile technology allows the learner to learn from any-
where, it is important to know where the learner is located so that

thel Lz the inf ti inth iat
eleadlrner can Qpp }7 S 1NIormatlion 1n L Q}jprnprin fal f‘ontext’

and in a manner that is consistent with the specific sitiiation of
the learner.

Many mobile apps can access data regarding the geographical
location of the learner and the learner’s contagts: For exam-

ple, turning on the flashlight of a mobile phohe can provifle the
geographic location of the learner. Although access is sugposed
to be permission-based, learners do notjalways understand that
they have the option of refusing to provide this informatjon to
third-party applications.

Le¢arner historyb Previous learning activities gfthe learner and the learning levels
that were attained.

Le¢arning needs The learning outcomes the mobile learning is intended td support
and the learner would like to achieve.

Le¢arner progress¢ How the learnerprogressing in the learning process.

Language of the learner® The learner should be able to access learning materials ifp her

or his first language or the language that is being learned. If the
learning materials are not available in different languaggds, ideally
the system should enable translation of the learning matgrials to
thelearner’s preferred language.

Dpvice

Type of device and operating system (OS)\~ The system shall know the type of mobile device and the|OS the

bg¢ing used learner is using so that the information can be formatted| for the
specific device.

Connectivity

Connection speed The connectivity speed is needed so that information canp be
downloaded to the learner in an efficient manner. For example, if
the learner has a slow connection speed, the learner shoyld not
be required to access large amounts of data. Or the learngr should
be able to download an app to learn offline if the connectjivity is
not adequate. This is important for augmented reality and virtual
reality experiences.

a | There tanbe privacy considerations regarding the recommended use of this element. Location settings can/be used to

dgtermine'surrounding infrastructure support for the purposes of coordination of information.

b | There can be privacy considerations regarding the recommended use of this element. Learner history infqrmation is

specific information relevant to support adaptive interactions between the learner and the [T system

C

There can be privacy considerations regarding the recommended use of this element. The information can be restricted
to those who have specific roles within the IT system.

6.4 Optional learner information

There are optional learner information elements that can be considered in mobile learning systems to

su

pport learners (see in Table 2).

This list is not exhaustive. Additional optional learner information that contributes to optimal mobile

learner performance is discussed in 6.5.

©
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Table 2 — Optional elements of learner information model for mobile learning

Optional learner information Description
Learner
Learning preferences of the learner? Activities based on the learner’s learning preferences can be sug-

gested if they are known to the mobile learning system.

Learner academic backgroundP Knowing the learner’s academic background can help to ensure
that the appropriate content is presented to the learner at the
right time and level.

Learner d‘ioy}a_y Pt eferetrees Before-thecorrectmobiedevicets sivcu to-theteat et theteart
er display preferences shall be known. For example, if the leacnier
requires that text is presented on a high contrast background;
then the mobile device shall meet the display and delivery re-
quirements of the learner.

Motivatiopn level of the learner The motivation level of the learner to learn in a situation that
requires mobility or the use of a mobile device.

Connectiyity

Electricallcapabilities The electrical capabilities of the geographical location of the
learner shall be known so that the appropriate device can be givgn
or suggested to the learner to access'the information.

Coordindtion

Coordination of other access (e.g. tutor, Provides the learner with acCess to tutors, peers or educators foj

peer, instfuctor) help while learning if needed.

Learning group Identification of the group'to which the learner belongs so that

communities of learners can be formed.

a2 The information can be restricted to those who have specific roles within the IT system.

b There|can be privacy considerations regarding the optional:use of this element. The information can be restricted [to
those wholhave specific roles within the IT system.

6.5 Dimensions for optimal learner experience

6.5.1 (eneral

The information about the learner is tsed to determine how learning materials are developed, delivergd
and rendgred for mobile learning.JAs noted in 6.3, it is the learner and the learner experience thatjis
key to thle success of mobile leaining activities. Subclauses 6.5.2 to 6.5.6 provide additional detqils

and desctibe how mobile learning materials should be designed and developed based on the learrer
informatjon and to meetthe needs of the learner. All of the aspects of the learner information model for
mobile leprning are discussed and suggestions are provided to ensure an optimal learner experienge.
The information is.organized using the dimensions proposed in Reference [10].

The folloving.design elements should be considered when designing learning materials for mobjle
learning:

— learning is self-directed where the Iearner controls the speed of the [earning;
— learning is ubiquitous where learning can take place anywhere and at any time;

— learning, education and training activities need to be supported reliably and with seamless
connectivity;

— build a learning community to support the collaborative work of learners who feel comfortable
working in groups.
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6.5.2 Learner dimension

As noted above, there are certain minimum recommended learner elements that should be considered
by designers, implementers and others.

— Learner identification: This is used to uniquely identify the learner so that appropriate access is
provided to learning resources. It includes a username and password.

— Geographical location of the learner: It is important to know the geographical location of the learner
so that the appropriate learning activities can be presented in the current context of the learner

whoismaobhile andwho can be in different gnngraphir‘ locations at different times

— Learner history: This involves the previous learning activities of the learner and thelearrling levels
that were attained.

—|{ Learning needs: The learning outcomes the mobile learning is intended to support and the learner
would like to achieve.

— Learner progress: Information regarding how the learner is progressing-in the learning Ilocess.

—{ Language of the learner: The learner should be able to access learning materials in her or his first
language or in the language that is being learned. If the learning materials are not avjailable in
different languages, ideally the system should enable translation of the learning materipls to the
learner’s preferred language.

Additional optional learner elements are provided below,

—|{ Learning preference of the learner: It is important.to know the learning preference of the learner
since different learners have different learningtpreferences and some learners are mqgre visual
while others are more verballl6l. The right learning content and services that are provided to the
learner in mobile learning depend on the-learning preferences of the learner. For exanll{:le, if the

learner has a reflective style, then the 1hobile learning delivery system should use asynchronous
communication to allow learners to réflect before they respond to comments and questiopns.

—|{ Learner academic background:-Before the appropriate content is provided to the learnerf it can be
helpful if the content is provided at the right level. Having information related to learnerjacademic
background can help to determine the right level of information to provide to the learner.

— Learner display preferenees: Individual learners have specific preferences that should be cpnsidered
during the learning-process. For example, if the learner requires that text is presented jon a high
contrast backgreund, then the mobile device shall meet the display and delivery requirg¢ments of
the learner.

— Motivation/ef the learner: Learner motivation can impact positively or negatively on| learning
outcomes; Technologies need to support learner motivation to impact positively on| learning
outcomes. Hence, mobile learning materials shall use strategies to continually motivate and engage
learners.

6.5.3~ Content dimension for individual Iearner needs

The content dimension suggests that the system shall have capabilities for organizing and selecting the
appropriate content and for delivering content according to the learning situation so that learner needs
are met.

Optional information elements for content that support learners in mobile learning situations are as
follows.

— Course module: Courses can be delivered in the form of modules. The modules are then broken
down into smaller chunks based on the learning objectives in the modules. Modularizing courses
can allow learners to complete a small segment of a course before moving on to other segments.
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6.5.4 Device capability dimension to maximize the use of the mobile device

Identifying content with course modules can help with monitoring learner progress through content
and with delivery of appropriate content.

Granularity level: Mobile learning materials can be developed in chunks to allow for flexibility
in delivery for the learner. Learning materials are often packaged in manageable interconnected
chunks to allow learners to access a small segment of alesson at a time. This can make learning easier
on mobile devices and learners may get a sense of accomplishment after completing each linked
segment of a lesson. Information should be chunked in segments of appropriate and meaningful size
to facilitate cognitive processing.

Sequencing—Mobitetes g3 3 ced-tobe——seqt TPrTately
acceds to materials in a manner that is consistent with the needs of the learner.

Multimedia: Mobile devices shall have multimedia capabilities to meet the needs of those with
different learning preferences and accessibility requirements. Recent research studies have
shown the benefits of the use of mobile phones with multimedia capabilities in language learning.
Additionally, the use of voice input for mobile devices can improve efficiency)when inputting
data nto mobile devices. For example, voice input can be supportive for use,ifi learning activities
relat¢d to field work in engineering and science and in a range of learning'Situations, especiafly
langyage learning. Learning materials should be presented in multimedig formats to capitalize
on thee capabilities of the mobile device. For example, video segments.ecan be presented to deliyer
rich information segments and audio will allow learners to listen to-information anywhere and|at
any time. As more organizations start to use augmented realityzand virtual reality, there will pe
increpsing use of mobile devices such as smart phones, 3D glasses, ubiquitous technologies, efc.,
which shall have multimedia capabilities.

Pedapogy: Identification of the pedagogical basis for content can help in the delivery of contgnt
to mg¢et learning needs of mobile learners. Use of Al techniques, such as that used in the learnipg
cell framework, will help to customize the learning resources for individual learners. Hor
exanlple, pedagogical considerations can involvegstructuring of learning content to support socjal
consfructivist approaches to learning activities-*Alternatively, a behaviourist approach can be used
to rejnforce the development of fundamental knowledge required for application in an activify.
Cognjtive approaches can be used to develop learner metacognitive skills.

The devide capability dimension suggests that the adaptation framework should have the capability for

identifyinjg and utilizing some or‘all of the device capabilities.

The minijnum recommendedinformation for a device is as follows.

Suggested Optional information elements for a device are as follows.

10

Type|of device being uised: The system shall know the type of mobile device the learner is using|so
that the information can be formatted to the specific device. This recommended information cphn
be linked to other optional elements listed below to provide an optimal experience for the mobfle
learnger.

Presentation capability: Designers of materials for mobile devices shall use presentation strategies
to enable learners to mentally process the materials efficiently. Of primary concern are questions
regarding presentation capability to support content being used. Does the device have the
presentation capability to support the display of the size and portability of the content being used?
Due to the small input and output components of mobile technology, there are design implications
for learning materials for mobile learning. For example, rather than scrolling through information
on the screen, users of mobile technology shall be able to go directly to the information and move
back and forth with ease. To compensate for the small screen size on mobile technology, learning
strategies shall use rich medium to convey the message to the learner. For example, rather than
present information in textual format, graphics and pictures can be used to convey the message
using the least amount of text. To present procedures and real-life situations, video clips can be
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used to present real-life simulations to the learner. Pictures and graphics can be used as overviews
to give learners the big picture before they go into the details.

For active learners, information can be presented on the mobile device and then the opportunity
given for the learner to apply the information. For creative learners, there shall be opportunities
to apply the information in real life applications so that they go beyond what was presented. When
designing learning materials for access by mobile devices, educators and trainers need to move
away from presenting information in a linear, textual format to a more graphical and hypertext
format. The information can be presented in the form of a concept map or network diagram. A
concept map or a network diagram can be used to show the important concepts in the information
and the relationship between the concepts rather than present Information 1n a textual jormat. In
addition to these design strategies, trainers need to design learning material for just-in-tifne access
and immediate application, since it is possible that learners on the job need to acquire kpowledge
and skills for immediate application. Also, responsive design principles should nraximize fhe use of
different types of mobile technologies for learning since different learners can have differlent types
of devices. For example, MOOCs usually have large enrolment with learnersifyom different parts of
the world who have different types of devices. They shall be able to use their existing devices while
taking the MOOCs. In some cases, learners have more than one devi¢eswhich they will pse while
completing the MOOC.

—|{ Interface: The interface for mobile devices shall adapt to the\learner rather than reqyiring the
learner to adapt to the interface through adaptive design. The-interface can be graphical ahd should
present limited information on the screen to prevent information overload. The mobilg learning
system shall have some built-in intelligence to anticipate’ what the learner will do next|and then
provide the appropriate information and interactive.activities. A good interface for learrer access
should reduce information overload by presentingféwer concepts on one screen or organizing the
information in the form of concept maps to givesthe overall structure of the information|and then
presenting the details by linking to other screens. At the same time, the interface shall alsq use good
navigational strategies to allow learners to.imove back and forth between displays. The inferface to
the mobile technology shall be appropriaté-for individual learners and intelligent softwarg systems
should be developed to customize theinterface for individual learners.

—|{ Privacy: The mobile learning system shall protect the privacy of learners since the system can
have the capability of monitoring where the learner is located as the learner moves arpund and
what the learner is doing without the learner being aware of being monitoredl12l. The transfer and
storage of information cam'need to support adaptive interactions intended to enhance|learning.
At the same time, thetransfer and storage of this information needs to respect the privacy of the
learner. The use of seeurity and authentication in order to protect privacy is beyond th¢ scope of
this document; however, items that require consideration with respect to privacy have bgen noted
in Tables 1 and 2."Proper security and authentication shall be provided by the learning $ystem to
prevent unagthorized access to information.

—|{ Operational capability: Learners should be able to access learning materials in context in both
formaland informal learning settings. For example, if a learner is using a piece of equipiment in a
reriote geographic location and would like to learn more about the equipment, the learner should
be\able to access information relating to the equipment. The operational capabilities of the mobile

device can-imnpacton the nvpnrianr‘n and ocutcomes nvpc\rinnr‘nr] by the learner Additio ‘lallyy it is

r J
helpful if the operational capability minimizes typing required by the learner because the keyboard
on mobile devices is very small. To make input more user-friendly, pointing or voice input capability
can be used to minimize typing.

6.5.5 Connectivity dimension to perform at different connection speeds

The connectivity dimension requires that the system shall have the capability of deciding which mode
of operation is best suited for the connectivity condition.

© ISO/IEC 2021 - All rights reserved 11


https://standardsiso.com/api/?name=6cba78feb36650e3acaad44a327e507c

ISO/IEC 29140:2021(E)

The minimum recommended connectivity information to support optimal learner experience is as

follows.

— Connection speed: The speed of the connectivity so that information can be downloaded to the
learner in an efficient manner. For example, if the learner has a slow connection speed, the learner

shoul

d not be required to access large amounts of data.

Optional information elements to support optimal learner experience are as follows.

— Electrical capabilities: The electrical capabilities of the geographical location of the learner shall be
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learnfer shall be informed of the electrical capabilities of the location so that they can plan how
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The optignal coordination elements to support mobiledearners are as follows.
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heir mobile devices.

time or online mode: The mobile learner may access content or participate in learningactivit
I in real-time (synchronous) or in an online mode that is asynchronous, or the learner m|
load an app on the mobile device and learn offline. The learner only needs-to go online
load the app.

ration with other technologies: Mobile technologies need to interoperate with oth
ologies to enable the seamless provision of learning resources to the-learner.
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't and obtain feedback from others involved in the learning process and efficiently isol3
nt, presentation, navigation and interaction componéents and subsequently integrate thg
y and effectively.

lination of other access (e.g. tutor, peer, instructor): Provide the learner access to tutors, peg

ifying the specific learning collaberators, appropriate learning content and required learni
Ces in the right place at the right(timel181119], Al techniques can be used to match the learner
bpropriate tutor and learning resources.

rs can be formed.

ntation integration_Mobile learning materials shall be integrated for delivery on the speci
e device beingused by the learner. The system should check the type of device and then forn
arning materials for learners’ specific devices.

hctivity:<The content and learner activities need to be coordinated to provide the appropri3
of interactivity for the individual learner and others involved in the learning process.

he

er

(g

e

rs

structors for help while learning if needed. In ubiquitous learning, there should be ways for

ng
to

of

fic
at
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hd

— Navig

bdtion: Seamless navigation for the individual learner requires coordination of content a

learning activities In a manner that respects the dilferent levels ol learner background experience
and expertise. Alternative navigation pathways sometimes need to be provided to the same content
and learning activities, depending on the individual learner elements (learner display preferences,

etc.).

7 Learner interaction with mobile learning system

7.1 General

Where ITLET systems are designed to support nomadic learners who are in motion from one place
to another, it is important to consider the range of typical or likely requirements to enable learning.
Learners need to be supported by technologies so that they can improve their learning in an efficient
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and effective manner. The underlying role of technologies is to support learners by enhancing
communication, convenience and connection. There are several components that are essential to
supporting learners’ requirements within nomadicity contexts, as given in Figure 2.

A

ITLET Cuctan
TT e Ty Stet

\ 4

User
interface

System
interface

v

Devices [«

\ 4

Learners

<G—> Resources

Environment

Figure 2 — Learner interaction with the mobile learning system

7.2 Learners

A{ noted in Clause 6, specific contextual information can allow for seamless and straightforward
ddlivery of learning, education and training-information. For learners who are on the move, this may
influde information such as current loeation, estimated geographic coordinates based onf mode of
transport, and specific preferences fordisplay.

7.8 Resources

Rdsources include items pr.information about items that are required to support learnery who are
pdrticipating in learning, education or training activities, and can be divided into the following:

—{ Content refers,tothe actual digital items themselves such as text, image, audio, video and|others.

—| Content camalso involve information produced to improve findability of digital items for educational
purposes;or to support education in nomadicity environments (metadata for learning resources,
pedagogical information, social tagging, etc.). Resources need to be provided in a manrer that is
consistent with learner requirements given the learners’ contexts and surrounding environments
ificJuding elements such as current network condition, interface characteristics, device fungtionality
and state, etc.

In addition, resources that are time sensitive, such as tests at specific times, are not always suitable if
the learner is in another time zone. The same applies to resources required for learning, education and
training activities that are based on collaborative learning efforts or require real time communication
between learner and another role-player in the learning process. Resources that require certain
bandwidth or specific data speed are not always suitable in specific contexts. In some cases, there can
be restrictions on the timeslots available by the nomadic learner. For example, students, professional
sportspersons participating in a contest or a show event, or military people serving abroad can have
strict schedules. Therefore, the duration of a learning unit does not always exceed the duration of
these timeslots. Additionally, it can be helpful if interactions can be resumed at the same point where
learners had to discontinue their activity at a previous point in time. Another restriction can be that the
resources the learner needs are available only at given times by the supplier in the specific environment
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(open or business hours, etc.). Resources that require specific input or output (e.g. for technical subjects
or language training) can be more challenging or are not always transferable over different points in
time and from different locations. Resource developers and delivery systems for nomadic learners need
to consider these implications and specific solutions can be necessary.

7.4 ITLET system

These include information technologies that are specifically designed to support learning, education,
training and where learning takes place, e.g. learning management systems (LMS), learning content
management systems (LCMS), numerous web applications and services that can be harnessed for
learning,[education and training purposes.

Participapt information data should include the nomadic aspect. Schedules that provide dpgistig¢al
informatijon regarding the participant can vary over time and this information can be very useful. Hor
example, [mobile phone connections can require phones that follow a regional standard. ot the use|of
another ghone number. Roaming is very expensive, so the use of a local network can\be advisable for
the learner.

Participaht information can be even more important when considering collaborative forms of learnipg
are being|used more frequently and can require specific information relatedtonomadicity. Informatipn
on the lodation of a learning partner can also be made public to other learners. In this case, privacy chn
be a concern that needs to be addressed; however, specific implementation recommendations related|to
privacy afe outside the scope of this document.

NOTE For the growing importance of collaborative learning, Refererice [21] provides a blog on developmeints

in e-learn]ng.

The participant can be forced to use devices or user surfaces that he or she has not used before (d.g.
Qwerty of Azerty keyboards, signs, foreign language instructions). This can hamper learner interactions
when the|learner engages in learning, education or training activities.

The ITLE[ system such as an LMS has to record.the technical context, where the participant is workipg
from, and has to deliver the resources in a didactical and technical format, so the learning process is 1jot
interferedl with.

The inclukion of the student in collabarative forms of learning (e.g. in a virtual classroom) can depehd
on factor$ such as the learner’s time.zone, learner’s availability at a given time, etc. The ITLET system,
such as ap LMS, has to store the(resources that were not delivered due to the restrictions of learnipg
within ngmadicity, and should-offer them automatically, as required by the learner (either at the saie
point whé¢re the learner left 6ff or at a point chosen by the learner) when the context allows.

7.5 Devices

Devices dre toolsthat are used by learners to access resources and ITLET systems. Learners can use
devices t¢ accesslearning services and to manage their learning information and personal informatign.
Devices Havé\to support various functions for learning, education and training in environments that
involve npmadicity. This means that they can be used as input or output devices, as well as approprigte
storage devices for offline services.

7.6 Interface

As noted in Figure 2, an interface can involve interactions between the individual learner and the
device(s) (user interface) and interactions between the device(s) and the ITLET system or resources
(system interface). Both the user interface and system interface involve technologies and tools that are
used to connect learners to resources and other systems such as LMS. User interface characteristics can
include interactions defined by personal preference profiles, optimal use of device screen size, audio
and video capability, and other functionalities. System interface characteristics enable interactions
between device and resources (e.g. identification and search functionality for the use of resources
that are appropriate or required for an activity), and interactions between device and ITLET system
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