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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. In the field of information technology, ISO and IEC have established a joint technical committee,

ISO/IECJTC 1.
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Introduction

New and emerging technologies are allowing learners to test and develop new knowledge for
the creation of virtual experiments. By employing a collection of different technologies, virtual
experiments are widely used within K-12 and higher education institutions (e.g. scientific laboratory
experiments, technical training in medicine and biomedicine) and also within corporate training (e.g.
flight simulators, manufacturing process control). Virtual experiments allow access to a wide range
of different experiments, decrease the timeframe to complete experiments, eliminate hazardous

situations, and reduce the costs of materials.

To fp

al experiment system.

em (LMS), which provides the environment for learning. In addition to tools specifically
ning, IT systems (such as LMSs) can also provide access to external tools. In a common

identity federation mechanism will automatically-Jog into the external service but it is up to
whefher to provide data inputs to the externaltool. At the end of the activity, a score is rety
IT system (e.g. LMS). This type of approach.can be used to support activities, such as thg
in the scientific experimental approach,;where there are requirements to repeat an expet
a variety of parameters in order to assess their individual role in a process. There is a ne¢
the $witch from the IT system (e.g.@3MS) to an external virtual experiment tool, providing
and recording outputs for further analysis. This Technical Report can be used to support
of agtivities. In addition, this-Feehnical Report provides specific considerations for the dev
ITLET supportive technology.and specification integration.
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raluation of
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I designing,
design and
experiment
5 and their
ly describe

1al experiments are typically accessed from andT system, such as a learning nmjanagement
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Information technology — Learning, education and
training — Virtual experiment framework

1 Scope

This Technical Report defines the framework for IT standards and specifications on virtual

exp4
of st
and

Thisg

The

riments supporting I'l-enhanced learning, education and training. It 1s based on 1mpl4g
andards and specifications that are used to support virtual experiment, developnient
management that rely on ITLET.

Technical Report
provides a framework that can be used for virtual experiment systems that rely on ITL

determines the categories of different virtual experiment standards and specificatior
relationships to facilitate their integration,

promotes the appropriate design and application of virtualyexperiment components
Kystems that are being used are reusable, low cost, and moére broadly applicable,

indicates considerations to be taken into account wheén developing ITLET systems th:
developed or used to support virtual experiment systems,

provides sample architecture of a virtual expetiment system framework that can be use
further development of virtual experiments;

illustrates various roles that different.actors can have at various points within
experiment system,

demonstrates how standards and'specifications that support virtual experiments can b
to form the basis for future work and implementations.

following aspects are npt'addressed in this Technical Report:
pecifications of thetimplementation details of virtual experiment systems;
hccessibility;

privacy;

Security.

mentations
evaluation

Li]

T,

1s and their

so that IT

it are being

] to support

the virtual

e combined

2

It is noted that it is possible for a virtual experimental instruction system to support more than one
standard or specification by utilizing different combinations that include base standards, specifications,
etc. The standards or specifications coordinate with circumstances or the virtual experimentinstruction
system that is configured separately to support specific standard or specification combinations.

This Technical Report provides the framework and objective to assist in the development of virtual
experiments for information technology supporting learning, education, and training. This Technical
Report also provides a proposed architecture of a system framework that is used to support the further
development of virtual experiments. This Technical Report provides specific considerations for the
development of ITLET supportive technology and for the integration of IT standards and specifications.
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

component cartridge
assembly of all the junior units based on specific rules to form a bigger component cell

3.2

remote access laboratory
laboratory in the physical world which can be accessed remotely

Note 1 to enf

Note 2 to enf
location and

3.3

virtual exp
experiment
the operati

34

virtual exp
smallest uf
experiment

3.5

virtual lab
open netw
consists of

3.6

ry: Access to simulated equipment and virtual laboratories are excluded.

ry: A remote access laboratory enables learners to perform experiments at their own pade; timg
allows teaching staff and learners to access laboratory facilities beyond their institutions.

eriment
based on multimedia, simulation and virtual reality (3.6), etc. whi€h\can assist or re
ng segments of traditional, face-to-face experiments

eriment component
it in a virtual experiment (3.3) which is composed of controllable and operable vil
objects that may be reused

pratory
brked instructional system based on webcand virtual reality (3.6) technologies, w
irtual benches

virtual redlity

artificial en

vironment presented in the computer

b and

lace

tual

hich

4 Symbols and abbreviated-terms

Cp Content Packaging

cc Common Cartridge

LOM [.earning Object Metadata

LIS [ .earning Information System

LMS [.earning Management System

MLR Metadata for Learning Resources

QTI Question and Test Interoperability
SCORM  Sharable Course Object Reference Model
SOA Service-Oriented Architecture

XML Extensible Markup Language

2 © ISO/IEC 2015 - All rights reserved
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The framework for IT standards and specifications on virtual experiments supports IT-enhanced
learning, education and training. For assistance with the development of profiles, the related standards
and specifications for virtual experiment instruction is shown in Figure 1.

The| virtual--experiment standard system establishes the whole virtual experiment

Framework Standards
Basic Framework Standards
——————— = Platform and Media
Taxonomy Standards
LIS
——————— =
Application Service Standards
______ 2\
Common Cartridge
Mirtual Experiment || LT e
InsthuctionSystemamsl | 000 A ey
LOM
——————— ~
Data Processing Standards
_______ ~  Content Packaging
QT
Management and Evaluation [~ — — — — — T =]
Standards |
Simple Sequencing

Figure 1 — Related standards of a virtual experiment instruction system

framewdrk system and identifies the various links to standards of the virtual experiment

The [virfual experiment standards system also defines the relationship of standards and sp

vvvvvv

standards
nstruction.
ecifications

and

1 +1 i1 1 +1 1
OIIIDIICS UITHT WILT ©4CLIl OULIICT Propclly.

5.1.1 Overview of virtual experiment framework

The virtual experiment framework standard consists of the following four major parts.

— Basic framework standards and specifications

Basic framework standards focus on various compatible specifications of the virtual experiment
platform and tools. They are the basis of the whole virtual experiment standard system.

© ISO/IEC 2015 - All rights reserved
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— Application service standards and specifications

5.1.2 Core feature of virtual experiment framework

Application service standards focus on the normative description of service interface provided by
virtual experiment teaching systems which can help to improve the management of services.

Data processing standards and specifications

Data processing standards are the hard core of the whole virtual experiment standard system,
providing data elements of virtual experiment component metadata and a conceptual data mode,
which are used to define an instance of metadata structure.

Management and evaluation standards and specifications

Managément and evaluation standards concentrate on how to control and manage the\viitual
experitpent procedures in a standardized way for the purpose of helping learner comipletq the
experiment in the experimental processes.

The virtual experiment framework mainly illustrates the categories of reldted virtual experilnll}lent

standards gnd describes the relations among the standards in order to promote the virtual experi
resources-gharing and interoperability of virtual experiment systems.

5.1.3 Bagic specifications

The virtuallexperiment framework is established on some related specification such as CP, CC, SC(
etc. All the gpecifications are described in detail in their own‘documents.

5.1.4 Rel]ationship

The examples below provide the standard structure.of a typical virtual experiment instruction sy
which normatively describes the standardized enwironment of the virtual experiment instruction sys

As shown in Figure 1, this virtual experiment instruction system conforms to some related vil
experiment standards which are divided*into four categories: basic framework standards, applica
service stapdards, data processing standards, and management and evaluation standards. The spg
explanatiorn]s of virtual experiment/instruction system are provided below.

ent

RM,

stem
item.

tual
tion
cific

Basic fifamework standardsiand specifications

The viftual experimefityinstruction system may conform to the virtual experiment termindlogy
specifi¢ation to regulate the definition of key terms and the explanation of symbols which
are usdd in the system. The system unify the terms in the development process and help ysers
to tranklate and_use the standard correctly; meanwhile, it may also be beneficial to manag¢ the
virtual[experiments system. Basic framework standards are in reference to framework standprds
(ISO/IHCAFR24725-1:2011), platform and media taxonomy standards (ISO/IEC/TR 24725-3:2(10),
which | j el :

Application service standards and specifications

In the process of virtual experiment instruction, the system has interoperability between
different platforms. LIS is the definition of how to realize the exchange of information related to
learning domains. Interoperability is best defined through the use of a domain profile. Common
Cartridge is another successful example to establish a standardized way to package course so as
to export and import content quickly and easily in learning management system. To some extent,
the application service standards of virtual experiment are established on the basis of these two
standards. However, it has its unique characters according to actual needs. Personal information
and operation procedure, such as saving, resetting, configuring, are all recorded in the application
service programs which can provide personalized service. Simultaneously, real-time feedback is
offered to encourage correct operation or revise errors timely in the course of the experiment.

© ISO/IEC 2015 - All rights reserved
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While using the virtual experiment instruction system, the data processing is a core part. The
example of virtual experiment instruction system conforms to component description specification
and component packaging specification. The function of component description specification is
similar to LOM and includes exclusive environmental elements of virtual experiment beyond LOM;
additionally, it helps to describe and classify the components of virtual experiments of the system
normatively to promote the interchange and sharing of virtual experiment resources. The content
packaging specification can be a method to assist packaging the components of multi-domain
modelling standardized and define detailed interface to facilitate the retrieval and management

for learners and instructors in the future.

Management and evaluation standards and specifications

with procedure, evaluation, and feedback.

Basic framework standards

Virtual Experiment
Terminology Standard

Basie Framework
Standards

Virtual Experimént
Platform & Tools
Specification

Basi

Virtual Experiment
XML Data Binding

Virtual Experiment
Extensible Specification

Figure 2 — Basic framework standards

The virtual experiment instruction system also conforms to the procedure~of njanagement
specification and the evaluation of test specification, which helps to standardize th¢ procedure
controlling and management of virtual experiment on the purpose of helping learnefs complete
the experiment in learning process, tracking the learners’ behaviour.and providing accurate
feedback. QTI specification and Simple Sequencing Specification can(offer the references to deal

framework standards include virtual experiment terminology standard, virtual experiment

Extdnsible Markup Eanguage (XML) data binding, virtual experiment platform and tools specification

and virtual experiment extensible specification as shown in Figure 2.

Virtpal experiment platform and tool specification focuses on various compatible specifications of
irtual experiment platform and tools. Virtual experiment extensible specification [studies the
extejnsible rules and implementation method aiming at the development process of virtugl resources

the

and experiments. Virtual experiment terminology standard provides the definition of key terms and
the explanation of symbols which are used in virtual experiment standard system to unify the terms in
the development process and help users translate and use the standard correctly. Virtual experiment
XML data binding uses the common rules of the data format of XML binding for the processing of data
streams and the integration of the system.

© ISO/IEC 2015 - All rights reserved


https://iecnorm.com/api/?name=a75aab4a8865501d48a94182e31e5c6d

ISO/IEC TR 18121:2015(E)

5.3 Application service standards

Teaching Guide

e Service Description
Specification

Specification

Application
Service
Standards

— o~

Application]
specificati

The teachi
the rules, d
focuses on
the managg
experiment
of web sery
provides ad
virtual exp

Application]

!

Service Index
Specification

Service Registry

Specification

Figure 3 — Application service standards

service standards/specification include teaching guide specification, service descrif
, service registry specification and service index specification a§’'shown in Figure 3.

guide specification formulates guiding model for virtual experiment evaluation and de
hta formats, and interface of virtual experiment platform¢Service description specifica
Lhe normative description of services provided in virtual\experiment teaching system
ment of services. The service registry specification deals with the registration of vif
component and interface specification. Besides;~it defines rules in the implement
rices for Service-Oriented Architecture (SOA) ifitégration. The service index specifica
vices and guidelines on the retrieval of the virtual experiment service which confor
eriment standards.

service standards and specifications;\such as the common cartridge (CC) specificg

can be usedl to package content with more intekactive application type functionality (e.g. discus

board, tests
bundled int

5.4 Data

, web links, etc.). The CC specification allows the content and application functionality t
0 a common structured formatthat can be shared across different systems.

processing standards

€omponent
Description
Specification

Component
Packaging
Specification

Data
Processing
Standards

tion

ines
tion
s for
tual
tion
tion
m to

tion
sion
o be

— ~.

Data
Transfer
Specification

Data
Extension

Specification

Figure 4 — Data processing standards

Data processing standards include the following sub-categories: component description specification,
component packing specification, data extension specification, and data transfer specification, as
shown in Figure 4.

Component description specification studies how to describe the multi-domain modelling components
in order to retrieve and manage the components in the future. Component packaging specification

© ISO/IEC 2015 - All rights reserved
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specifies how to package the multi-domain modelling components and defines communication interface
between components. Thus, it can provide a standardized way to package resources and make different
virtual experiment systems sharable. Data extension specification and data transfer specification are
involved in the transfer of resources and components among different systems and they build a bridge
between different virtual experiment systems.

Some examples of different standards and specifications that may be used within the data processing
category are provided below. A data processing standard or specification, such as Learning Object
Metadata specification (LOM) can be used to describe resources (sometimes referred to as assets) that
are being used in the virtual experiment system. The Content packaging (CP) standard (ISO/IEC 12785)
can be used to exchange virtual experiment content between different virtual experiment systems
witHout converting the material into new formats. ISO/IEC 12785 allows the original resources
to be packaged into a standard structure so that they can be imported, exported,.aggiegated and
disaggregated as needed.

5.5| Management and evaluation standards

Manjagement and evaluation standards include procedure management specification,| evaluation
spedification and test model specification as shown in Figure 5. Procedure management specification
studies how to control and manage the virtual experiment procedurie scientifically for the purpose of
helping a learner complete the experiment within the process. Evaluation specification gtudies how
to eyaluate and test learners’ behaviour in a standardized way in virtual experiments, and provides
accurate feedback.

Testmodel specification provides assistance in choosing the correct test approaches and cpnstructing
proper test models which help to build a systematic{Comprehensive and effective test in the defined
standard. In addition, test model specification proyides proper index for effective system performance
and [rational guidelines for selecting the appropriate methods to test, such as black box tegting, white
box testing, automated testing, regression testing, integration testing, etc.

Management and
Evaluation
Standards

Procedure
Management
Specification

Test Model
Specification

Evaluation
Specification

Figure 5 — Management and evaluation standards

Simillax*to_Simple Sequence Specification which defines a method for representing the intended
behaviour, management and evaluation standards describe behaviour model to sequence and evaluate
discrete experimental activities in a consistent way.

5.6 Relationship among specifications

Virtual experiment development, evaluation and management specifications and test standards are
technical standards which meet the demands of virtual experiment instruction. They solve the problem
of resource sharing and system interoperability in the field of virtual experiment research and provide
the conforming framework and interface for the virtual experiment resource and system.

Basic framework standards are the foundation of the whole virtual experiment standard system.
As peripheral standards, basic framework standards are the precondition and requisition of the

© ISO/IEC 2015 - All rights reserved 7
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development of other standards. All the sub-standards should be developed referring to basic

framework

standards.

Application service standards are standards related to service management in the virtual experiment
standard system. They are the general process specifications which should be complied with in the
practical use and service provision of the virtual experiment application system and they help to lower

the thresho

1d for standard use.

Data processing standards are the hard core of the whole virtual experiment standard system,
providing data elements of virtual experimental component metadata and a conceptual data model
which is used to define the instance of metadata structure.

Managemelllt and evaluation standards are frequently used during the development of, Vi

experiment
effect and
processing
component

5.7 Cons

When deve
underlying
component
a) Specifi

The sp
inform

b) Practic

Practic
specifig

Test sp

The tes
standa

d) XML bi
The XM

As specifica
it is necess
interpretat

system which includes many functions, such as evaluating and testing the stafidard
the standardization degree of experimental components and procedures. -As to
standards, management and evaluation standards also test the standardization degré
description and component cartridge specification.

iderations for virtual experiment systems

loping or using a virtual experiment system, it is importantto fully understand|
specifications and standards that are being used. More detailed information regarding
standards and specifications can be obtained from the following documents.

ration text

pcification or standard text describes the relevant’specification or standard and incl

e guideline

e guidelines usually include detailed;explanation on the key points about the standar
ations and provide practical examples of how to apply the standard or specification.

bcification

t specification describes‘the procedures and methods on how to test and validate
‘dized products developed by designers and others.

hding
L binding defines the methods that are used to bind the information model.

tion orstandard text is described in language that may not be easily read by ordinary u
hry to refer to other documentation such as the practical guidance. As there can be n
ons of key points, it can be helpful to refer to related application examples as well.

tual
ized
data
be of

the
r the

ldes

htion such as purpose, scope, terms and definitions, elements and interrelation, metadata
definition, data exchange format, etc.

Is or

the

Kers,
hany
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Annex A
(informative)

Major parts of virtual experiment framework

General

To fa
expé
and
expé
the

virtyial experiment system.

Thet
and
exp4

main categories of standards and specifications were identified-including basic framework,

serv
incly

The

environment data model can include the virtual experiment topic, time, and purpose at o
main categories of the virtual experiment*frdmework are used to group together standards and

The
sped

Figure A.1 demonstrates sample architécture for a virtual experiment framework. It i

vari

cilitate the development of virtual experiment technology and specification integration|
riment framework standard defines the framework of related virtual expeniment
specifications. Besides, it determines the relationship between different categorie
riment standards and specifications for integration. However, it establishes a’solid foy
development of other related standard-setting work without specific implementatio

e were five use cases contributed from four countries includingCanada (1), China (2)
Korea (1). The use cases were reviewed with several othér application examplef
riment systems. The common components of the virtual expeximent systems were abst]

ice, data processing, management and evaluation. Thesé categories of standards and sp

virtual experiment data model is based on ISQ/IEC 19788. For example, the virtual

ifications that are used to support virtual‘experiment system.

bus categories of standards and spgtifications to support virtual experiment implemen

Management and Evaluation Standards

‘ Procedure Management H Evaluation Testing Model ‘

Application Service Standards

ide published standards and specifications from ISQ/IEC and other related organizations.

the virtual
standards
b of virtual
ndation for
n details of

, Kenya (1),

of virtual
racted. Four
application
ecifications

experiment
verall level.

ncludes the
tation.

=

=

=

= x

& <

o -
73 g
]
i3 - ) o B , E
53 Teaching Guide Service Description Service Registry Service Index =
or7 2
ol = =
QW =1
< 3 @
‘&".. © Data Processing Standards ®
25 2

o w
w X o . R 5’
a9 ‘ Component Description ‘ Component Packaging ‘ ‘ Data Extension ‘ Data Transfer 3

o

4 @

o a

g_ @

o Basic Framework Standards

&

) | Virtual Experiment | \ Virtual Experiment \ \ Virtual Experiment \ \ Virtual Experiment \

| Terminology || XML Data Binding || Platform & Tools Extensible \

Figure A.1 — Framework structure

For an overview of the virtual experiment framework, please review 5.1, which provide some examples
of different standards and specifications in each category. 5.2, 5.3, 5.4, and 5.5 include information
about four main categories of the virtual experiment framework. 5.6 indicate some of the relationships
between the standards and specifications. 5.7 include some considerations for virtual experiments.
Finally, Annex B includes some application examples of virtual experiments.
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Annex B
(informative)

Application examples of the virtual experiment framework

B.1 Gen

ral

With the d¢
research in
experiment
with other
Advanced v
of various
helping lear
graduate ec

Virtual exp
Meanwhile
experiment]
access into
the efficien

B.2 Appl

B.2.1 Vir

B.2.1.1 G

In order to

Platform into Multi-Subject examples; The four main parts of the framework architecture play f

respective }

Once a lear

stitutions in some countries have constructed the open network teaching system of vil

irtual experiment courses have many advantages in enhancing the coherente and relev
disciplines of knowledge, exploiting the potentiality of learners’ cemprehensive qu

eriments can effectively resolve difficulties in expenditure, space, equipment and matet

velopment of 3D and platform technologies for virtual experiments, many universitiey
established the virtual experiment platform and managing system of open labs.-Comp

experimental teaching modes, virtual experiments possess incomparable superid

ners’ transition from school to the workplace and strengthening l€arners’ preparatio
ucation.

carrying out virtual experiment teaching can overcome-the limitations of traditi
s on time, space, and funding whenever and wherever possible, both teachers and lear
a virtual laboratory to operate instruments, perfopm‘experiments, which help to imp
y and quality of experiment teaching.

ication examples

fual experiments in China
pneral

manifest the specification pfiframework clearly, we split the Virtual Experiment Educsz

oles in the system separately. Specific examples are demonstrated as below.

her logs into the system, the platform of virtual experiment will be shown as Figure B.1

and
tual

hred

rity.

ance
lity,
n for

ials.
onal

ners
rove

tion
heir
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Figure B.1 — Platform of elec\?onic circuit virtual experiment

. : /) : :
Learners can drag or click the icon whi present different components from the left side, and
assemble these spare parts on the right s@ to accomplish the virtual experiment.

N
B.22 Virtual experiment pla}\@ﬁn and tool related components

The whole experimental proces@,%ill be shown in Figure B.2. By clicking the button “Experiment start”,
learners will enter the expe(@}ent environment in Figure B.3.

begin the experiment

View the experimental records

Correcting individual
experiments

View the experimental results

Figure B.2 — Environment navigation
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Each experiment procedure contains four stages: start experiment, inspect experiment records, check
experiment records, display experiment grades.
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Figure B.3 — Virtual experiment platform and tool-related conaiﬁge)nts

A

The virtuall experiment platform provides access to the environmental t @ These are indicatd
Figure B.3 with navigational icon on the left. It offers a service for the 1 r to conduct experim
freely, obsefve the experiment phenomenon and take down experimen cess data.

;\\

d in
ents

B.2.3 Data processing components
Data procegsing components include component descriptio Q@) data transfer as shown in Figur¢ B.4
and Figure B.5.

S

TERTRHERE
HERRE T *Eﬁ?ﬂ

< Palms -m
O 06aRAH IR0 a
~ $

Eli.@

L G AT o

' 4

12

# Userlogin v Intr tion of the standard
Welcome you Cﬁ@nent metadata standard
#rangliagarg component metadala standard elemeants are divided Inso six categories and
Cuit '\ exiend elements accarding to Leamning Cbject Metadata Standard. The names of
< '\’ i categorles of virual expeniment companent metadata (are Genersl, Lie Cyce,
it i Mesa-Meladata, Technical Educational, and ClassHication. The twa extend slements
.- are Funclion and Cswee.
Comnpenent
Data exch staredar TR e
& 3 foan oty
53a Erary 2 i 4
; 'M"::“* ~ 8 Bucabonal Canara § - ,,:_:;:,_
* ! 5 haryeird
T iiniwipe
informaticn ) 1 et
Q~ et necard - B Fgnclion \ _ RACrde 30 et
O [y | .
% - | 2bata-eadaia 1w
- ~ X 1 4 Tesdvsacere
( ) % ey
Q/ bt
i A2uze
N S i =
Tfe—— - 4
¥4 e E “5 L
T
Test the sample download

f = Compenent metadata

Figure B.4 — Virtual experiment component description
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The component description specification provides the mechanisms to describe the multi-domain
modelling components in a standardized way to index and manage components successfully.
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Figure B.5 — Data ex@lge format specification

%
Thig part aims to define the structure of &&\ndardized data binding which is applicable to exchange
datq between different systems. . ®$
K\
B.24 Test specification module

The [test specification modu@&&bvides for testing learners’ behaviour by presenting accurdte feedback
in agcordance with standardiZation experiment procedure, as illustrated in Figure B.6.
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Figure B.6 — Test platform

Learners pifovide their experiment scene data and get feedback from the platform.

B.2.5 Virtual experiments in biology

As shown ip Figure B.7, biology majors of the University of Illinois at Urbana-Champaign began tq use
education g§ystem of remote network laboratory (iLabs) constructed by Massachusetts Institufe of
Technology|(MIT) since 2011. Learners are exposed to the advanced biological technology. For example,
learners can simulate disease diagnosis*of real experimental study in medical field by using yeb-
based software. The specific virtual experiment includes the diagnosis of the disease (sicklemia, Cystic
fibrosis, Huntington Disease, hemophilia), DNA fingerprint atlas experiment, DNA restriction enzZyme
digestion ekperiment. Learners camn clone an animal or do the experiment of transgenic crops in the

modern mefhods and obtain the\experiment result by operating, data input and analysis.

preparation

O’{Eéture and test
AN

—®» Homewaork and online test

practical operation exercises

S oral

v

practical operation exercises

Y

Education of laboratory safety

i Virtual experiment

Y

explain the results

v

A 4

Finish the homework

Figure B.7 — Instruction system of virtual experiment in biology
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