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Abstract—Educational technology such as Virtual laboratories (\VLs) are be-
ing perceived as sustainable solutions to growing concerns related to laboratory
skill training i.e. delivering quality laboratory education to a large number of stu-
dents due to shortage of infrastructure and access especially in developing na-
tions. With these VLs being an innovation for engineering education, the study
of its diffusion in higher educational institutions is critical for gauging its impact.
This study examines the five variables of Rogers Diffusion of Innovations theory
in determining how VLs have changed or modified users through its adoption.
The involvement of early adopters participating through a program called Nodal
centers and their innovation decision stages are addressed. The study also ana-
lyzed the change agents as the nodal centers for diffusing the innovation in teach-
ing and learning processes. Virtual laboratory adoption by users (n=43600) over
30 months was surveyed and factors of diffusion were reported. Similar scoring
in assessment factors suggested relative advantage, technology acceptance, in-
tention of use and relevance of trialability were pertinent in users' perception of
VLs. Social hubs among higher education institutions promoted early adoption
through better engagement of students.

Keywords—Virtual laboratories; technology innovation and diffusion, sustain-
ability, teaching, adopters.

1 Introduction

The main challenges for the educational system in many developing nations are ac-
cessibility, equity, affordability, quality and accountability [1]. To make larger contri-
butions to knowledge economy, gross enrolment ratio must be high. In countries like
India, enrolling millions of citizens into educational programs has several challenges
attributed to significant shortage of adequate number of institutions, infrastructure and
teaching faculty. To overcome several of these challenges, governments and agencies
have been pioneering digital initiatives to bridge the divides that exist in many countries
today with respect to pedagogy, quality of teaching, the lack of infrastructure and lack
of access stemming from the socio-economic barriers. While it is impossible to create
a trans-formative change at rapid pace, use of ICT (Information and Communication
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Technologies) can help as an integrated solution to impact millions of students and
teachers overcoming language and infrastructure barriers. Several programs in the area
of education i.e. building of e-learning platforms to connect expert teachers with thou-
sands of students concurrently [2], recorded lectures by those teaching at premier insti-
tutes [3], tools and apps such as management software, smart boards, audio/visual me-
dia etc. have enhanced and modified education and educational techniques.

Like teaching theory and concepts, experimentation in laboratories is fundamental
to Science, Technology, Engineering, and Mathematics (STEM) education. These la-
boratories can be expensive to build, maintain and expand for the scale required in many
countries. A major innovation in improving poor quality laboratory education was to
introduce ICT-based Virtual Laboratories (VL) [4], envisioned to supplement tradi-
tional laboratory. VLs are expected to be one of the most important future technologies
in learning [5]. The advantages of using VLs include: 1) enabling acquisition of con-
ceptual knowledge through online experimentation anytime and from anywhere and 2)
working with simulations and/or equipment that allow real time connections to experi-
mental setup and access to data, without requiring staff supervision and both of these
resulting in development of experimental knowledge outside the known settings of a
physical laboratory.

Given, these augment the awareness on use of VLs, mechanisms and impact assess-
ments of its diffusion and dissemination for wider and rapid adoption into mainstream
academia are non-existent in literature. There are several examples of models charac-
terizing diffusion, acceptance, and adoption of innovations [6-8]. Diffusion of innova-
tions are slow processes but dominant factors defining technology adoption include
perceived usefulness and support [9]. While some factors for innovation diffusion are
based on socio-physiological contexts, or focused on internal decision process at indi-
vidual level [10, 11], others are focused on users in a system [12].

The focus of this paper was to understand the diffusion and adoption of VLs in higher
educational engineering institutes in India. To understand the usage diffusion and adop-
tion of VLs, Roger’s Innovation Diffusion Theory (IDT) [7] was employed. Using In-
dia’s Virtual Laboratories project [4, 13], we explore capacity of the humanism in ICT
as an enabler of technological diffusion with human environmental roles. In ICT envi-
ronments: inclusivity of user differences, adoption rates, various types of decisions and
communication channels are crucial for identifying specific attributes that hinder the
diffusion process. The paper studies technology adoption and diffusion of innovation
based on a nationally funded mission project involving students, professors, research
staff, developers, major institutions and information flows across multiple sectors of
the society involved in higher education. Now just place the cursor in the paragraph
you would like to format and click on the corresponding style in the styles window (or
ribbon).

2 Background

The widespread adoption of Information and Communication Technologies (ICT)
by educational institutes (particularly in rural areas) in the last decade has led to its
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growing presence in educational settings. Several researchers report that practical ex-
periments play a vital role in science and engineering education [14-16]. However,
several barriers to laboratory education have been cited in literature, including a lack of
good teachers, sufficient reagents, instruments, apparatus, ethical considerations and
practical skills etc. [17—20]. In this trend, virtual laboratory (VL) is the popular ICT-
enabled learning tool, which is essentially a computer-based activity, where students
interact with an experimental setup or conduct other activities through an user interface.
The introduction of VL as an e-learning tool provides a larger opportunity for individ-
ualized learning with uninterrupted access to students across the world. The past decade
has seen proliferation of virtual labs around the world in various thematic areas [21].
Since the concept of distributed online laboratories and the Wallenberg Global Learn-
ing Network [22] that included a few institutes spread across Europe and U.S., for ex-
periment based learning, there has been a global consensus on the value of virtual labs
towards active personalized learning, laboratory skill development and improved ped-
agogic approaches to conceptual learning [23, 24].

Due to the high demand for people with STEM skillsets, many countries have re-
sorted to using VLs as one of their primary medium of education to provide near hands-
on experience to their students and professionals [25, 26]. In Spain, a remote laborato-
ries framework integrated VLs to distance learning curriculum and students were able
to configure their own laboratories [27]. Several more examples of VLs developed in
UK, Turkey, Germany and Ireland [28—30] have shown to facilitate self-directed in-
quiry-based learning. To expand the usage and development of various VLs developed
across the world, the global online laboratory consortia or GOLC [31] has a created a
platform to encourage and support sharable VLs for educational purposes. VLs have
not only been used in institutes of higher education, but also in K-12 schools. There are
over 10,000 schools in India actively using online Labs [32].

Literature shows that VL is cost-effective, could provide an interactive exploration
of natural or engineered phenomena compared with physical observable experiments,
enabling the acquisition of conceptual knowledge by providing clean data [23], provid-
ing access to education regardless of time and geographical barriers, and nurturing de-
velopment of collaborative and knowledge creation skills [33]. Literature suggests that
use of technologies like VL play an important role to promote students’ conceptual
change [34], reflective learning [20] reduction of alternate conception [35] and cogni-
tive load [36]. With educational institutes increasingly gravitating towards ICT educa-
tion usage across India, it is critical that educators and administrators explore and un-
derstand the characteristics and motivations of both groups of people who adopt and
reject VL in science and engineering education.

Technology adoption is considered the most important event of the 20th century
[37]. The internet is the commonest communication and research access method for
technology. Diffusion of innovations theories study community members’ acceptance
and assimilation of these innovations. Comprehending technology adoption behaviour
and diffusion of innovation play a significant role in determining acceptance factors
and new adopters’ behaviour regarding new technologies. Adopting new innovations
has been studied extensively determining key factors that influence technology ac-
ceptance [38]. These ideas form a general framework for assessing the social impact of
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technologies on people and provide insight into the technology features that may influ-
ence specific adoption patterns. Research on technology innovations in education sug-
gests technology design, instructional methods, students’ usage characteristics and
other factors contribute to the effectiveness of technology adoption (e.g., [39, 40]).

Like in other cases, many factors including roles of students and teachers, technol-
ogy, cost, access, media, efficacy of users, resources, social dimension etc., need to be
evaluated at the same time while assessing diffusion of virtual lab in education. Alt-
hough there have been many models studying innovation, some have been based on
social-physiological contexts and relate to internal decision processes at an individual
level [41-43], some focus on aspects of innovation and relate diffusion of new innova-
tions among users in a system [44, 7]. Another paper [45] had suggested adoption of
ideas based on Roger’s [7] diffusion of innovation theory has been widely applied in
disciplines such as education, sociology, agriculture, marketing, and information tech-
nology etc. The diffusion of innovation theory [7] may be appropriate for exploring the
adoption of virtual laboratories. The process of adopting new innovations has been dis-
sected thoroughly by many over decades [47]. In this paper, Rogers’ diffusion theory
[46] was used to analyze the acceptance and implementation of virtual laboratory in
institutions of higher learning in India.

According to Roger’s innovation diffusion theory [46], four components affect the
rate of diffusion. Diffusion of new ideas, practices and technology happens over time
when an innovation trickles down through specific networks to members of a social
system or potential adopters who then communicate by creating and sharing infor-
mation by any means. The five factors that have been known to impact the characteris-
tics of an innovation are relative advantage, compatibility, complexity, trialability and
observability. It has been suggested that three points dependent on time as a factor in-
clude innovation-decision process, innovativeness of an individual and an innovator’s
rate of adoption in a system.

A key advantage of using the Roger’s diffusion theory was that it related inhibition
of the diffusion process to effective practices and conditions that facilitate diffusion
[48].

3 Development and Dissemination of Virtual Labs Through
Nodal Centers

3.1  Virtual laboratories project

In 2009, a consortium of premier Indian institutes (called Partner Institutes) were
brought together by the Government of India to conceptualize and build Virtual Labor-
atories (Figure 1). This consortium proposed building a set of 20 virtual labs (with each
lab containing 8 to 10 experiments each) in areas related to science and engineering.
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Fig. 1. VL Project — Development and deployment by partner institutes. A top-down organisa-
tion for the project involving the funding agency to consortia partners to disciplines and
topics.

The development of VLs involved three levels of coordination (Figure 2). Subject
Matter Experts (SMEs) provided the content and design of experiments based on na-
tional curriculum syllabi. Principal Institute Coordinators (PICs) coordinated the devel-
opment of all VLs and interfaced with the multimedia team within their institute and
Discipline wise coordinators (DNCs) held the role of ensuring most relevant labs in
their respective disciples were developed by SMEs from various partner institutes. The
two-level leadership role within partner institutes is described here [13]. All these three
types of faculty were innovators and accomplished consolidation of labs and experi-
ments through series of discussions and research that would benefit over 500000 engi-
neering graduates across the country.
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Fig. 2. Virtual Experiment Development Framework.
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3.2 Choice of content and development process

The criteria for content was based on 1) common experiments across syllabi of pub-
lic and private universities 2) experiments that students repeated due to difficulties in
observation or concept perception (e.g. Millikan’s oil-drop experiment required stu-
dents to observe a green drop to fall and took several trials to observe [49]. The devel-
opment of an experiment involved interviewing faculty members who identified the
experiments to convert and to ensure the learning objectives were central to the devel-
opment of VVLs. This was then followed by story-boarding, video recording of the actual
experiment followed by creative artists animating the sequence of steps and rendering
an animated experiment. There were three types of VLs i.e. animation-based, simula-
tion-based and remote-controlled VLs that were considered in this study. Animation-
based VL involved a set of multimedia enhanced emulations while simulation-based
VL involved mathematical and phenomenological models. In the case of remote labs,
users operated and controlled experiments online. VLs are freely available at
http://vlab.amrita.edu and at http://vlab.co.in.

3.3 Dissemination of VLs and assessments

To effectively allow early adopters of innovation in their regional areas, a nodal cen-
ter program was created for dissemination and involved induction of science and engi-
neering education institutes (Figure 3). With the interest of the partnering institutions
teaching members, the induction of nodal centers ensured support and assessment tools.
Training to the participating faculty members was a part of the nodal center program.
The platform’s assessment tools involved multiple choice questionnaires and descrip-
tive questions for institutions and teachers to assess student’s perception of technical
concepts and to report the user experience [20, 50]. A nodal center conference was
organized annually for additional hands-on training and opportunities to interact with
faculty members and provide feedback. Students and teachers at the nodal centers are
being supported periodically with training sessions online and/or onsite. Assessment
instruments have been developed for various experiments and are shared with the nodal
centers as well for testing of learners. VL assessment include conceptual and user-ex-
perience related questions. A combination of MCQs (multiple choice questions), and
descriptive questions have been engaged to perceive grasp of technical concepts and
Likert scale questions to report the user experience.

The modality of usage and frequency are extremely important in terms of impacting
the learning outcomes. Studies have shown VLs when used as pre-lab sessions have
reduced the time students take to complete physical lab experiments [51]. The cognitive
load of students that were supplemented with VLs was much lower than those that did
not get exposed to VLs and the former also outperformed when assessed on conceptual
knowledge gain.

In 2012, the Ministry of Human Resources development (MHRD) officially
launched a bouquet of 80 VLs with 640 experiments. At the launch, 20 institutes had
committed to becoming nodal centers and use VLs as part of their curriculum.
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4 Diffusion of Innovations Theory and Virtual Labs

4.1 VL adopter categories

In our virtual laboratories, five types of adopter were identified: development part-
ners from universities and institutes of national importance and ranked research-inten-
sive private universities were innovators (2.5%). Nodal partners became early adopters
(13.5%) especially from ranked colleges, large public or state universities and private
universities. Combining both categories brought 16% and these two groups typically
generated all the information of the product system. Early majority (34%) included
smaller institutions like affiliated colleges that adopted new ideas and implemented
them but did not show unique leadership. The category of institutions that tried inno-
vation after many had already incorporated and tested them became the late majority
(34%). With similar characteristics, both, early majority and late majority comprise
68% of the adopter categories. Few institutions seldom wanted to or came forward to
participate in innovation adoption and were part of the laggards (16%), insignificant
diffusers of innovation.

Institutes were categorized based on the expression of interest (EOI) received after
the communications from innovators. Figure 4 represents the different categories of
adopter institutes based on the mode and number of communications. There are several
communications between innovators and adopters included a) website notification, b)
E-mail, 3) postal letters, 4) SMS, and 5) telephone calls. According to the current num-
ber nodal centers (110) we were able to classify them to different categories. The insti-
tutes signed as nodal center of VL after the website notification (trail #1) were grouped
as ‘early adopters’. 16 institutes from different states were in the first group. In the
second trial, #2, we included e-mail also in the communication along with website no-
tification and 38 institutes from different stated were signed as nodal centers. Grouped
these 38 instituted as ‘early majority’. In the third trial, #3, we included postal letters,
SMS and telephonic calls into the communications and another 38 institutes from
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different states were signed as nodal centers. These instituted were grouped as ‘late
majority’. Laggards (18 institutes) took more than 5 times of all types of communica-
tions (website notifications, e-mails, postal letters, SMS and telephonic conversations)
between innovators and them to adopt the innovation. Institutes in the ‘laggard’ cate-
gory were mainly Govt. institutions.

Adopter Categories [No. of institutes|
\ Number of tials P gories( )

# Early Adopters (16)
£ Website notifications — y Megters 1)
g #
g E-mails Early Majority (38)
3
E Postal Letters LS Late
] Majority (38)
s SMS 5
H
2

Laggards
Telephone conversations (18)

Fig. 4. Adopter categories based on the number of communications from developer institutes.

4.2  Perceived attributes of innovation

As per the theory of innovation, ‘the perceived attributes of an innovation are one
important explanation of the rate of adoption of an innovation’ and states that an inno-
vation is perceived based on certain adoption related factors. In our categorization, with
faster rate of diffusion, the adopters may show 1) having advantage relative to other
innovations 2) compatibility with existing practices and values 3) not being very com-
plex 4) tried on a limited basis before adoption, and 5) offered tangible results. Based
on Dayton [12], these attributes, relative advantage, compatibility and complexity were
relevant to test in reference to VL adopters. VL as an ICT innovation was analyzed
based on its relative advantage (RA), compatibility (CO), ease of use (EU), trialability
(TR), and observability (OB).

According to Roger’s theory, i) VLs must include an advantage relative to other
learning methods; ii) VLs must be compatible with existing practices and values; iii)
VLs must not be complex for students and teachers [50]; iv) VLs may be tried before
adoption, like in the case of early adopters; v) usage of VL should show observable
results. Although all of the 5 attributes were assessed, VL adoption related closely to
relative advantage (students using VLs outperforming those with classroom teaching
alone, see [20, 50]) compatibility (perception that performing experiments under VL
will lead to similar experiences in physical labs, see [52]) and complexity (degree of
ease of use, see [53]) as key attributes for diffusion [54].

Based on an established measurement instrument [44], a five-point Likert scale ques-
tionnaire was provided to 43,300 students and 300 faculty members from 58 nodal cen-
ters over a 30-month period to assess their perceptions about VL. Five independent
variables included Relative Advantage (RA), Compatibility (CO), Ease of Use (EU),
Trialability (TR), and Observability (OB) were studied and internal consistency was
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measured using Cronbach’s alpha (Table 1). Cronbach Alpha values were in the range
of 0.77 to 0.87 confirming the reliability of measures in the assessment.

Table 1. .Internal consistency, mean and SD of survey instruments

No. Items Factors | Mean SD o
1 | am able to understand the experiment properly by performing
itin virtual lab
Performing the experiment in virtual lab increases my confi-
2 |dence level for performing the same in real laboratory environ-
ment.
Performing the experiment in virtual lab has decreased my anx- [RA 435 0.7 0.9
3 |iety with lab experimentation while helping me learn new con-
cepts.
4 |Virtual lab helps me to understand at least three concepts.
5 |Virtual Lab has helped improve my performance in physical lab
6 |Overall, I find Virtual Lab useful for my learning
7 |Experiments in virtual lab are easy to understand.
8 Using Virtual Lab in_my learning enables me to accomplish
physu?al lab tasks guwkly . . EU 434 07 0.8
g [Leaming of experiments through virtual lab was fun and inter-
esting.
10 |Overall, I find the Virtual Lab easy to use.
1 T_hg organizatio_n of the contents in virtual lab is excellent in
aiding my learning.
12 |My self-learning skills has improved by using Virtual Lab. CO 4.29 0.8 0.8
13 Ina V_irtual Lab, I find it easy to get the system to do what |
want it to do.
14 |l like the fact that | can try and _practlce u_smg Virtual Labs. TR 431 08 08
15 |[It would be easy for me stop using the Virtual Labs
16 |l f!nd it _easy to see others performing t_he tasks |r_1 a Virtual Lab. OB 431 07 08
17 |l find Virtual Lab easy to observe and interact with

To assess any gender differences in the attitude towards VL, an independent-samples
t-test was conducted. The assessment found significant differences between male and
female responses (Table 2).

Table 2. Independent sample t-test results of the gender differences in the attitude towards VL

Category Gender Mean t p

RA Male 26.06 3.183 0.001
Female 26.17 ' '
Male 17.31

EU Female 17.45 5% 0.000

CcO Male 12.92 5.929 0.000
Female 13.03 ' '
Male 8.65

TR Female 8.72 -5.638 0.000

oB Male 8.04 7.024 0.000
Female 8.73
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VL innovation attributes were measured using a five-point Likert-scale (‘strongly
disagree’ - 1 to ‘strongly agree’- 5). Among student users, VL adoption was attributed
equally for all five indicators over standard pedagogical practices. (see Table 1).

Relative advantage (4.3520.72 off 5) was positively correlated to usage of VL in
education. Ease of Use’s high value (>4.3 off 5) suggested good acceptance of VL by
student adopters. This also suggested that the analyzed user subset could be early
adopters. Compatibility (>4.2 off 5) was positively associated with an adopter’s inten-
tion to use web-based tools in education. Similarly, trialability and observability scores
indicated user intent augmented subsequent continued usage of the ICT innovation.

4.3  Types of innovation-decision

Initially National Mission on ICT (NME-ICT), acting on behalf of Govt. of India,
used their authority and decided to develop the VL project. Select premier institutions
were asked to send their proposals and a committee was formed to review and approve
them. 12 institutions were identified to develop the VLs. These were called Participat-
ing Institutes (PI). These Pls were the innovators. One of the Pl was chosen to be the
National PI.

Subsequently, the Pls got together, involved faculty members from their respective
institutions and decided on the allocation of experiments, funding, more or less started
making collective decisions.

Once the development of VLs reached a critical mass and Pls tested them in their
own institutions, concept of nodal centers was developed to scale the VL project across
the nation. It was left to nodal centers (optional) to decide on how much they want to
use VLs in their institutions.

4.4  Communication channel

Effective communication strategies enhance innovation diffusion [55, 56]. Commu-
nication of product features and information on its best usage and resulting advantages
with the end beneficiary in mind helps improve their attitude towards technology, clar-
ity and acceptance [55-58]. Since higher education, several modes of communication
channels were pursued in order to reduce perceived risks and uncertainties in its inte-
gration into the curricula (Figure 5). A multi prong approach that included both a top
level and intermediary advocacy levels were pursued. This included: i) awareness
building through presentations on the national mission for education and VL project at
prominent conferences and meetings with the university rectors (vice-chancellors), ii)
dissemination of information to heads of schools and teachers on features, step-by-step
demonstrations, hands-on training workshops and faculty development programs
(FDP) (see Table 3) at nodal centers, iii) sharing of results from research studies on
VLs, 4) regular online demos of experiments for new students with feedback and inter-
active sessions 5) employing multimedia components i.e. videos and animations for
self-learning and demonstration of concepts (Figure 5). The frequency of regular train-
ing provided to nodal centers significantly reduced with time as their number of trained
faculty members increased. Due to the diverse thematic areas in VLs, independent
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effort was critical to align potential adopters. The Table 3 gives details of number of
workshops and training given to users over a five-year period by a premier institute.

Table 3. Activities over five years by a partner

Sl # Activities Quantity # Users
1 |Number of workshops at Partner Institute 14 1045
2 |Number of workshops at Nodal Centers 15 3267
3 |Online demonstrations 32 1209
4 |Hands-on training sessions 19 2058

Total Count of Workshops 87 7726
. A .
Vice-chancellors  Conferences and workshops Ji n
o FIR = B RA
éﬂ EE'E Sharing results of Multimedia components
g H oss research studies =,
EL LI TR |l
H] : NC &
- e R
Users
Online periodic demonstration of
experiments
o i

Online feedbacks  Interactive sessions

Fig. 5. Communication channels for disseminating virtual laboratories

4.5  Social system for VL diffusion and change agents

Hubs established by developers (early adopters) of VLs with partner institutes (nodal
centers) became the main accelerators for the rate of adoption and information flow
[59] (Figure 5). However, VL workshops at developer institutes had three to four times
higher response and attendance than at partnering nodal centers. The interpersonal in-
fluences play a role towards adoption of VL and can be influential and normative by
nature. Individuals influence innovation-decisions with the assistance of opinion lead-
ers [48, 60] act as change agents. In our adoption, key change agents were lab develop-
ers, principal institute coordinators, discipline-wise national coordinators and nodal
center coordinators who were passionate about bringing better pedagogical processes
in their respective institutions and the community. Key steps that may assure better
adoption would be recognition to institutions using such innovations, incentives such
as promotions, financial allowances and institutionally highlighting positive outcomes
of student performances resulting in their constructive feedback of faculty and the in-
stitute. The VL design involved making user interactivity a key component as technol-
ogy changes also drove adoption. For adoption, across devices, no advanced technical
ability was to be required to understand and use the interfaces. For example, using tabs
to navigate along with buttons, pull-down menus and sliders to choose the experimental
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variables, voice assisted videos for educating concepts to student users acted as tech-
nology features promoting better adoption.

4.6  Innovation-decision stages

The stages of innovation diffusion [7] included knowledge communication, persua-
sion, decision, implementation and confirmation (Figure 6). Several studies have indi-
cated the importance and need for effective communication strategies in order to en-
hance innovation diffusion. In the knowledge stage of innovation decision cycle, a for-
mal National Launch of VLs by the Ministry of Education ignited the flow of infor-
mation through the press. This was followed by communication of the objective of VL
project through conferences, online media, media campaigns and word-of-mouth. It
also included meetings with departmental chairs, faculty members and researchers.

Use communication and
Knowledge administrators to get the attention
of potential Nodal Centers

Present the innovative characters
Persuasion of the system, along with research
findings on Pedagogy

Acceptance of Nodal Centers

Training, Logistical & Software
Support

Implementation

Confirmation Monitoring Effectiveness & Awards

Fig. 6. VL Diffusion model

Persuasion stage involved presenting advantages of usage and assessment of curric-
ulum-based exercises and highlighting the student-instructor features of hosting plat-
forms [61] The impact on improved teacher and student experiences was enhanced in
VLs with 1) human-centric intuitive user-interfaces that aesthetically mimic reality and
are scientifically accurate in simulated experiments 2) real-time data generated while
viewing the experimental run in remotely triggerable experiments that are unavailable
to most institutions due to their prohibitive costs. In addition to exposure of possible
experiments, access to an authoring platform VLCAP [61] was given to allow faculty
to create new experiments, assessments, scheduling of experiments along with reports
on usage and learning. In summary, the interactive sessions encompassing presentation
of features, opportunity for teachers to experiment with themselves most critical to their
decision to use VLs.
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Decision stage involved nodal centers creating usage hubs connecting activity and
establishing technical support scenarios (Figure 7). Once the intention to use translates
from cognitive to affective thinking, an expression of interest (Eol) is requested from
each institute that serves as a formal agreement between the partner institutes and nodal
centers. A systematic plan was laid out with each institute that includes VLs in multiple
disciplines. The plan included decisions on 1) infrastructure that includes computers,
internet bandwidth 2) curriculum fit and types of students that could use VLs for i.e.
under graduate or post graduate and their year of study 3) modality and frequency of
usage i.e. as pre-lab or post-lab or take-home assignments to supplement theory ses-
sions. Engaging in planning sessions with nodal centers helps them gain clarity on us-
age, overcome uncertainties resulting in significantly higher levels of comfort.

Moda]itylofusagc

* Infrastructure M o -
* Curriculum 1 |

Pre-lab Take home assignment |

I Lol

Institute

Post-lab Regular lab session |

* Under Graduate
* Post Graduate

Types of students
Fig. 7. Decision stages of VL

Implementation stage involved regular communication with nodal centers on follow-
ing through with co-designed plans and asserting student and user feedback. As nodal
centers are leaders in their communities, their usage as well as mentoring they provide
to local institutions are supported and recognized with national awards. The awards
include 1) Best Engineering Nodal Center, 2) Best Arts and Sciences Nodal Centre, 3)
Best Nodal Coordinator. Figure 8a below shows the number of institutes from different
states in India have adopted VL into their curriculum. Tamil Nadu and Kerala have
most number of institutes and 70% of the total nodal centers are engineering colleges.
48.18% and 27.27% institutes from Tamil Nadu and Kerala respectively adopted VL
into their education. Every year approximately 15-20 new institutes became as Nodal
center (Figure 8). The survey shows average number of student-faculty ratio at nodal
centers is 33:1 ratio.
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Confirmation stage included use of standard assessment instruments and tools for
teachers and users to confirm changes attributed to VL adoption. Systematic approaches
to both qualitative and quantitative assessment are emphasized (Figure 9). The instru-
ments evaluate conceptual and experimental skills using a combination of MCQs (mul-
tiple choice questions), and descriptive questions to gauge grasp of technical concepts.
Likert scale questions are used to report their respective user experience.

Feedback: user
experience
'
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Principal
Institute

i,

I“" Nodal center

Students and
teachers

Quantitative
ass ent

Fig. 9. Confirmation stage

4.7  Critical mass of VL adoption

Critical Mass of Adoption can be defined as a stage wherein at a given point, enough
adopters have “adopted innovation such that the innovations further rate of adoption
becomes self-sustaining” [7]. Until the critical ‘mass’ was achieved the rate of VL adop-
tion remained slow [62], however adoption accelerated after the critical mass was
achieved. Critical mass may be attained if users had a high rate of trialability and the
threshold level for critical mass varied between 10-25% [63]. With VL adoption be-
coming sustainable and increased users and centers testing virtual laboratories, the crit-
ical mass was based on the number of partnering institutes and outreach to students by
nodal centers. The increase in numbers of VL usage was also related to number of nodal
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center partners (Figure 10). A 25-fold increase in nodal centers was observed when
compared to 2011 and more than a million active users are part of this program using
VL today.
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Fig. 10.Year-wise VL usage in millions (right axis) and number of NCs (left axis)

The curve of adoption of VL among students and teachers had a logistic ‘S’ shape,
with an early slow phase, a rapid middle phase with widespread, and a slow third phase
with incomplete penetration in the end. To know the approximate year of the third
phase of ‘S’ shaped curve, we analyzed the adoption of VL using the Bass diffusion
model [64]. According to Bass model, diffusion of technology into new users will be
increases exponentially and appeared to be steady at certain level. While comparing the
current trends of increasing the new user of virtual labs with Bass model (Figure 11), it
predict that the diffusion of VL will cover approximately 2 million users by 2031.

a(t) = Mp + [q — plA(®) — L A(t)? o))

In the Bass model above, p was the coefficient of innovation and does not interact
with the cumulative adopter function A(t). Also, t represented time from VL launch and
was non-negative. The variable a(t) represented the adopters or adoptions at time (t).
The letter q was the coefficient of imitation and reflected the influence of previous
adopter. In this case, the diffusion of VL happened with the influence of previous
adopters like the early nodal centers. M was the ultimate number of adopters (i.e. 2
million users). The coefficients p and g were calculated using regression analysis of the
actual data. The data obtained from the Bass model analysis using Bass model differ-
ential equation predicted that the adoption of VL by 2 million users with p = 0.002 and
g =0.790 will cover by 2031 (Figure 11).
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5 Discussion

Implementing an education technology such as VL and diffusion in higher education
closely involve adopters and methods. The paper highlights how diffusion of VL has
been implemented in India through nodal center program and how adoption stages of
persuasion, decision, implementation and confirmation relied on the network created
by the innovators connected to early adopters. Diffusion theory facilitates the investi-
gation of process dynamics between innovators and adopters relating to adopting be-
haviors and attributing complex play between technology, social systems and commu-
nication. Communications and social networks are prominent for VL diffusion. The
adoption depended on how developers and nodal centers implemented VLs into daily
usage with their students. Engagement of students by partner institutions allowed faster
rate of adoption.

The most contributing communication channel was the social hub established be-
tween innovators and early adopters through the nodal center program and use of other
channels may not be as reliable. Contextual and situational factors established by inno-
vators and early adopters may aid innovation implementation although information in-
novations must clearly have an advantage over existing resources. Compared to nodal
center program, VL deployment suggests while implementing innovators only half the
number of participants may play a role in convincing others to adopt an innovation and
employ VL in their practice. This includes colleagues, nodal center partners, institutions
of repute and motivated students and teachers.

For populated countries like India, survey involving 43600 users may indicate cur-
rent trends in adoption of ICT innovations. The survey suggested trends in adoption
relate to the degree of innovation and design as natural promoters of VL. Direct feed-
back from students suggests better graphical interfaces, self-learning functionality
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motivate student users. Our assessments did not reveal any gender bias in the responses
and all components of diffusion were distributed evenly indicating strong contributions
of interactions, perceptions and experience. The more VL integrates or coexists with
existing pedagogical system, past experiences and the needs of potential adopters, the
greater are its prospects for diffusion and adoption. VL is popular with students who
want try experiments many times especially during examination periods. This suggests
technology platforms may need to account usage time to assess behavior but there is no
significant indication in the literature regarding time users need to spend with an inno-
vation prior to making the decision to adopt it into regular practice.

6 Conclusion

As an innovation, virtual laboratories promote resilient, inclusive and sustainable
approach to supplement knowledge and training resources and common limitations to
laboratory skill training. In general, VLs are perceived as having relative advantages,
being more compatible, less complex, observable, and trial-able and connected through
accessible communication channels. However, VLs may need constant adaptations to
improve its relative advantages over current resources and practices such as commu-
nity-centered contexts, relevantly updated user interfaces and novel mechanisms of au-
tomated assessments. In this direction, we are extending this study towards long-term
maintenance of adoption behavior and the behavioral adaptations among regular users.
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