IEEE STANDARDS ASSOCIATION <IEEE

S
IEEE Standard for Networked ]\
Smart Learning Objects for \\
Online Laboratories &@

IEEE Education Society @\\

3
Developed by the

Standards Committee o @

)
N\

o8

3 %nue
rk, NY 10016-5997

)

IEEE Std 1876™-2019


https://www.stdhive.com/standards/ieee-1876-2019-pdf/

IEEE Std 1876™-2019

IEEE Standard for Networked
Smart Learning Objects for
Online Laboratories

Sponsor

IEEE Standards Committee
of the

IEEE Education Society
Approved 21 March 2019

IEEE-SA Standards Board


https://www.stdhive.com/standards/ieee-1876-2019-pdf/

Abstract: Methods for storing, retrieving, and accessing online laboratories as smart and
interactive learning objects are defined in this standard. For this purpose, the first level of the
standard offers any online laboratory (lab) as a service (Lab as a Service or LaaS). The standard
also defines methods for integrating online laboratories as smart learning objects in learning
environments and learning object repositories.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be
obtained on request from IEEE or viewed at http://standards.ieee.org/ipr/disclaimers.html.

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-uce, a.»
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standw:ds
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through «
consensus development process, approved by the American National Standards Institute (“A. 13", which
brings together volunteers representing varied viewpoints and interests to achieve the final procict. [EEE
Standards are documents developed through scientific, academic, and industry-based te -~hnical working
groups. Volunteers in IEEE working groups are not necessarily members of the Institite and participate
without compensation from IEEE. While IEEE administers the process and establis. es rurs to promote
fairness in the consensus development process, IEEE does not independently eva.qate. test, or verify the
accuracy of any of the information or the soundness of any judgments contai e 1. its siandards.

IEEE Standards do not guarantee or ensure safety, security, health, or er vironmental protection, or ensure
against interference with or from other devices or networks. Implemn ~=< and users of IEEE Standards
documents are responsible for determining and complying -with 'l appropriate safety, security,
environmental, health, and interference protection practices and.all ~opl cable laws and regulations.

IEEE does not warrant or represent the accuracy or contex® o1 *he material contained in its standards, and
expressly disclaims all warranties (express, implied ad siatutory) not included in this or any other
document relating to the standard, including, but not limitcu to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any an %.al. condcitions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “ASIS” ana “WITH ALL FAULTS.”

Use of an IEEE standard is wholly ve'uni. vv. [he existence of an IEEE standard does not imply that there
are no other ways to produce, test, 1 eas ‘e, purchase, market, or provide other goods and services related
to the scope of the IEEE standard. Fu. thermore, the viewpoint expressed at the time a standard is approved
and issued is subject to chans e » rougnt about through developments in the state of the art and comments
received from users of the sta. «ard.

In publishing and mak:~ it standards available, IEEE is not suggesting or rendering professional or other
services for, or on bi™alf ¢ £, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity tu another. Any person utilizing any IEEE Standards document, should rely upon his
or her own jrde, endent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, su=k tue advice of a competent professional in determining the appropriateness of a given
IEEE standa..

IN.NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
LXEmI LARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PRCCUFEMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
C® BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards sh. !l
make it clear that his or her views should be considered the personal views of that individual rather thai. the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interestod pa.;  regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting inixrmat on or advice
pertaining to IEEE Standards documents. Suggestions for changes in document=cho.'d'be in the form of a
proposed change of text, together with appropriate supporting comments. Sine > [EL'E standards represent a
consensus of concerned interests, it is important that any responses to comments :1d questions also receive
the concurrence of a balance of interests. For this reason, IEEE & >d ‘he members of its societies and
Standards Coordinating Committees are not able to provide an instant . sponse to comments or questions
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not
respond to interpretation requests. Any person who wou'd lize wparticipate in revisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the follov ing ¢ ddress:

Secretary, IEEE-SA Standards E oard
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards docuinonts snould consult all applicable laws and regulations. Compliance with
the provisions of any IEEE ! ‘ind .rds document does not imply compliance to any applicable regulatory
requirements. Implemen. rs ot the standard are responsible for observing or referring to the applicable
regulatory requiremer.s. "EEZ does not, by the publication of its standards, intend to urge action that is not
in compliance with ay nlics ble laws, and these documents may not be construed as doing so.

Copyrigh's

IEEE Araft ar.d approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They a. s made available by IEEE and are adopted for a wide variety of both public and private uses. These
1.cluac oth use, by reference, in laws and regulations, and use in private self-regulation, standardization,
ana ‘he p omotion of engineering practices and methods. By making these documents available for use and
aloption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.
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Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission
to photocopy portions of any individual standard for educational classroom use can also be obtained
through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any t:me
by the issuance of new editions or may be amended from time to time through the issuance of amendt. =nts,
corrigenda, or errata. A current IEEE document at any point in time consists of the current edition: of e
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is morc than ten
years old and has not undergone a revision process, it is reasonable to conclude that its ccatents, although
still of some value, do not wholly reflect the present state of the art. Users are cauucaid to check to
determine that they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and et >r it has been amended
through the issuance of amendments, corrigenda, or errata, visit ‘e IEEE Xplore at
http://ieeexplore.ieee.org/ or contact IEEE at the address listed previcusl /. For more information about the
IEEE-SA or IEEE’s standards development process, visit the IEEE-SA " cusite at http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed n tks IEEE-SA Website at the following URL:
http://standards.ieee.org/findstds/errata/index.html. Users «:c encouraged to check this URL for errata
periodically.

Patents

Attention is called to the possibility that . -iple mentation of this standard may require use of subject matter
covered by patent rights. By publicctio. of this standard, no position is taken by the IEEE with respect to
the existence or validity of any poten rignts in connection therewith. If a patent holder or patent applicant
has filed a statement of assurziuc> via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://s 2uda ds.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Suv mitter is willing or unwilling to grant licenses under patent rights without
compensation or unde: 1.2so..able rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimina.’on 1) applicants desiring to obtain such licenses.

Essential Pateat Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsibl~ fo. identifying Essential Patent Claims for which a license may be required, for conducting
inquiries intc the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
greements are reasonable or non-discriminatory. Users of this standard are expressly advised that
de.>tmin. tion of the validity of any patent rights, and the risk of infringement of such rights, is entirely
Aeir own responsibility. Further information may be obtained from the IEEE Standards Association.

5
Copyright © 2019 IEEE. All rights reserved.


http://ieeexplore.ieee.org/
http://standards.ieee.org/
http://standards.ieee.org/findstds/errata/index.html
http://standards.ieee.org/about/sasb/patcom/patents.html
https://www.stdhive.com/standards/ieee-1876-2019-pdf/

Participants

At the time this IEEE standard was completed, the P1876 Working Group had the following membership:

Hamadou Saliah-Hassane, Chair

Luis Felipe Zapata Rivera, Vice Chair
Miguel Rodriguez Artacho, Past Vice Chair

Janusz Zalewski, Secretary

Editorial Subgroup

John Shockley (editor), Hamadou Saliah-Hassane, Denis Gillet, Janusz Zalewski

Roberto Aguas

Edilson Arenas

Amine Bergia

Kalyam Ram Bhimavaram
Natalia A. Bueno-Pizarro
Manuel Castro

Raul Cordeiro Correia
John B. Costa

Elio San Cristobal

Ibibia K. Dabipi

Luis de la Torre Cubillio
Bogdan-Alexandru Deaky

Paloma Diaz

José Fonseca

Wissam Halimi

Andy Johnson

Félix Garcia Loro
Johann Marquez-Barja
Lucas Carlos Mellos
Maria Larrondo Petrie
Martin Llamas-Nistal
Mohamed Mhamdi
Pablo Ordufia

Pedro Paredes

Juan Guillermo Lalinde P:lido

Rob Reilly

Ahmed Saeed
Christophe Salzmann
Juarez Bento Siva
José Ped o Scies losim Siméo
Eric Sorigg

Meham. 4 Tawfik
Thor 1 tov

Edmur.do Tovar
Cihan Varol

Lei Zhang

Danilo Zutin

The following members of the individual balloting com nittes voted on this standard. Balloters may have
voted for approval, disapproval, or abstention.

Pankaj Agrawal
Avron Barr

Shelly Blake-Plock
Bill Brown

Gustavo Brunello
Demetrio Bucaneg Jr.
Manuel Castro
Suresh Channarasappa
Keith Chow

Michael Dood
Sourav Dutta

David Fuschi

Denis Gillet

Randall G.ovar

Wer“ R tlx\‘ ‘Zl

N rivaki Ikeuchi
Gezo T20s

M. Larrondo-Petrie
Ignacio Marin Garcia
Michael Newman
Nick S.A. Nikjoo
Pablo Orduna

Frank Polster

Miguel Rodriguez-Artacho

6
Copyright © 2019 IEEE. All rights reserved.

Hamadou Saliah-Hassane
Stephen Schwarm
Steven Smith
Thomas Starai
Mark-Rene Uchida
Srinivasa Vemuru
John Vergis

Karl Weber

Oren Yuen

Janusz Zalewski
Luis Zapata Rivera
Daidi Zhong


https://www.stdhive.com/standards/ieee-1876-2019-pdf/

When the IEEE-SA Standards Board approved this standard on 21 March 2019, it had the following
membership:

Gary Hoffman, Chair
Ted Burse, Vice Chair
Jean-Philippe Faure, Past Chair
Konstantinos Karachalios, Secretary

Masayuki Ariyoshi Thomas Koshy Annette D. Reilly

Ted Burse John D. Kulick Dorothy Stanley

Stephen D. Dukes David J. Law Sha Wei

J. Travis Griftith Joseph Levy Phil Wennblom

Guido Hiertz Howard Li Philip Winston

Christel Hunter Xiaohui Liu Howard Wolfman

Thomas Koshy Kevin Lu Feng Wu

Joseph L. Koepfinger* Daleep Mohla Jingyi Zhou
Andrew Myles

*Member Emeritus

7
Copyright © 2019 IEEE. All rights reserved.


https://www.stdhive.com/standards/ieee-1876-2019-pdf/

Introduction

This introduction is not part of IEEE Std 1876-2019, IEEE Standard for Networked Smart Learning Objects for Online
Laboratories.

Laboratory activities in support of Science, Technology, Engineering, and Mathematics (STEM) Education
aim at attaining pedagogical goals and developing engineering skills. Laboratory activities can nowadays
be carried out online, thanks to information and communication technologies (ICT). Such online laboratory
activities rely on networked electronic devices such as personal devices (desktop computer, laptops, digital
tablets, or smartphones), as well as Internet of Things devices (such as connected sensors and actuators):

Online laboratories for STEM education are educational ICT systems. They are becoming more and mu e
popular. In many cases, an online laboratory experiment consists only in remotely interacting with de ices
over computer networks without necessarily reflecting the educational objectives that ade.'ie’ the
activities. This standard establishes the relationship between all the components (hardware, sot. vare, and
learning environments) in order to ease the design and implementation of pedagogical v driven online
laboratory activities. This standard is designed to ease the design, the implementatiow; a1 the usage of
pedagogically-oriented online laboratories as smart learning objects and their inicoratio in learning
environments and learning object repositories.

Figure 1 illustrates the implementation layers of online labs as smart learning ~hjects that are considered
hereafter for standardization. The first layer standardizes an online I.ab 1s a Service (LaaS), which can be
personalized at the second layer. The second layer describes an onli < 2% as a Learning Object (LO),
which can be integrated in various learning environments, iricluding massive open online courses
(MOOQC:s), learning management systems (LMSs), learning rescrrce rer ositories, and mobile applications.

Users
l InteractionsI

MOOC Platforms. ):'S, Repositories ... #3
L1 Activities T
.eaiing Objects, Clients, ... #2
[— —>

lService CaIIsT

Learning Traces & Outcomes
Authentication/Authorization

Y Lab as a Service (LaaS) #1
l Signals T
Hardware and Software #0

Figure 1—Conceptual layers and normative information
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IEEE Standard for Networked
Smart Learning Objects for
Online Laboratories

1. Overview

1.1 Scope

This standard defines methods for storing, retrieving, and accessing online laboratories and associated data as smart
and interactive learning objects. For this purpose, the standard does so within the context of defining an online
laboratory (lab) as a Lab as a Service (LaaS). The standard also defines methods for integrating online laboratories
as smart learning objects in learning environments and learning object repositories. Finally, this standard
demonstrates, through use cases, how adhering to the methods defined herein can satisfy pedagogical objectives.

Within the context of this standard, LaaS is defined as a set of interface requirements to be met to satisfy the first
level of standardization. This provides a standard interface. Once this interface is established, an online laboratory
should fit within learning frameworks as a Learning Object to provide pedagogical value. This capability, however,
is not something that can be guaranteed. Therefore, the second level of standardization is defined as a set of
recommended practices.

1.2 Purpose

The purpose of this standard is to ease the design, implementation and use of online laboratories for education. It is
understood that laboratory activities are required in Engineering, Science, and Technology Education. Laboratory
activities aim at fulfilling pedagogical objectives and developing experimental skills. Laboratory activities can
nowadays rely on digital education solutions. Such solutions generally integrate networked electronic devices such
as computers (desktops, laptops, tablets, and smartphones) as well as networked measuring instruments or
electromechanical devices. Online laboratories for education are technology enhanced learning resources. They are
becoming more and more popular. This standard defines and establishes the relationship between all the components
required to carry out pedagogically sound experiments using laboratories (equipment, software, hardware, and
services). The standard aims at facilitating the work of lab owners when setting up and sharing online laboratories;
the work of platform managers when offering and enabling the exploiting of online laboratories as learning objects;
the work of teachers when integrating and implementing an online laboratory in their pedagogical scenarios; and the
work of learners when interacting and learning with online laboratories.
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