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Abstract

It is difficult to learn professional courses such as Computer Science
without hands-on activities with appropriate technical support. Computer
Science programming courses are the core of a Computer Science
qualification and some of the learning outcomes of a Computer Science
programming course are writing program code, program testing and
debugging. Inadequate computers in the computer laboratory and policies
that restrict the concept of ‘Bring Your Own Technology’ (BYOT) inside
the computer laboratory posed a challenge to hands-on programming
activities. However, students in the Computer Science department at the
University of Jos learn computer-coding theory, but unable to have

hands-on experience due to several reasons.

This research investigates how use of virtual lab on Moodle Learning
Management System (LMS) could enhance students’ acquisition of Java
programming skills. The virtual lab provides a lab environment for

students to practice programming and experiment concepts learned.

Activity Theory was used as a theoretical framework to analyse the
activity of Java programming on the virtual lab. Seven participants
including the lecturer were enrolled on the Java Programming Language
virtual lab practical sessions for this research work. The research activity
system focuses on Java hands-on programming tasks for a period of
three weeks and after that data was collected using interview and content
generated from the virtual lab activities’ chats and forum. Interview
questions were developed and administered to students, while a semi-

structured interview with the lecturer was conducted.

il



The data collected from the interviews and the contents collated from
chats and forum activities were coded using ICT data analysis tool
Nvivo, based on thematic analysis. The data was thoroughly reviewed,
explained, interpreted, and analysed using the theoretical framework,

activity theory.

The results show that the virtual lab helped students perform practical
programming activities, where students accessed and used the virtual lab
concurrently at any time and place. The participants used their private
computers, mobile devices in the hostels, at home, or at hotspots to
access the virtual lab. However, accessing the virtual lab required

adequate Internet connection.

The virtual lab programming activity system promoted student-centred
learning, self-paced practice, and enabled students to repeat or revisit
incorrect assignments multiple times. The activity system’s subject
(lecturer, students) interacts with the mediating tools (mobile devices,
virtual lab) to perform the object (Java programming), which enhanced
the achievement of the outcome (programming skills). Therefore, it can

be said that the virtual lab mediated hands-on programming activities.

Keywords: Virtual lab, Moodle, LMS, mediation, hands-on, program

coding, debugging, program testing, eLearning, programming language.
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CHAPTER 1: INTRODUCTION AND BACKGROUND
1.1 Introduction to the Chapter

This chapter outlines the background of the study including the
context of the case study and the rationale and justification for the
research. It also introduces the research questions and defines some terms

and concepts in the context of this research exercise.

1.2 Background

The University of Jos (UniJos) is a federal university located in the
capital city of the Plateau State within the central part of Nigeria. UniJos
is committed “fo provide education that is globally competitive and
relevant to the needs of today’s employer and the developing challenges
of Nigeria and beyond”. In view of this, it has adopted the use of
Information and Communication Technologies (ICTs) as an integral part
of the system to support and enhance research, teaching, learning and
administration (UniJos ICT Policy, 2008)* in the achievement of this
goal. In order to achieve this goal, it is critical to overcome the challenge
of inadequate ICTs facilities, and the limited number of computers in
computer labs especially in the department of computer science where it
is essential for students to have hands-on practice in core programming
courses.

The use of ICTs to enhance teaching, research and learning has been

encouraged in higher education for several years (Tondeur, et al., (2016).

" UniJos website, http://www.unijos.edu.ng/the_university/history.php lines4&5
’The ICT policy of 2008 led to the creation of e-Learning strategic plan in 2008 and is
now under review to become a policy i.e. e-Learning policy



UniJos introduces the use of computers for administrative purposes in the
early 1990s (Jos-Carnegie Partnership Project, 2006). In 2004, an
institutional ICT Strategic plan was put in place as a guide to encourage
ICT penetration in faculties and departments with the aim of promoting
ICT-driven development in teaching, learning and research within the

university.

The year 2008 marked the emergence of ICT policy that led to the
creation of an electronic or online learning (e-Learning) Strategic Plan
(UniJos e-Learning Strategic Plan, 2008). All these were aimed at
enhancing teaching and learning through the use of ICT tools. Also, the
University in its quest for use of ICTs for teaching and learning, it
deployed a centralised Learning Management System (LMS) called
Knowledge Environment for Web-based Learning (KEWL) in 2004. It
was later migrated to Modular Object-Oriented Dynamic Learning
Environment (Moodle) platform in 2008, which is currently in use.
Despite all these efforts, the problem of handling practical hands-on
programming activities remains a challenge in the department of
computer science of University of Jos, Nigeria. The challenge here is that
the limited number of computers in the lab cannot accommodate all the
students during practical sessions and the lecturer could not be able to

attain to all the learners within the time frame for practical sessions.

The Computer Science department in University of Jos, started as a
programme in the department of Mathematics until October 2012 due to
lack of staff strength. Currently, only undergraduate programmes are

available in the Computer Science Department. The Computer Science



undergraduate programme is a four-year course and eight cohorts had

been graduated so far.

In the 1% & 2™ years of the programme, mostly Mathematics courses
are taken by the Computer Science students and these are delivered in a
blended mode, that is, face-to-face and online using the university's LMS.
Students use lab computers, home computers and often their personal
mobile devices at home and in the hostels to access the LMS to complete
assignments and other activities online. In their 3™ and 4" years,
programming courses are offered including the Java programming
language which is a second semester course of year two, but is currently

being offered as a second semester course in the third year.

The programming courses form the core of Computer Science studies
and required students’ hands-on practice for them to acquire
programming skills and experience (Bowlick, Goldberg, & Bednarz,
2017). However, in UniJos context, practical classes are often not
conducted and students learn only the programming syntax and theories
without hands-on program coding, which in turn led to graduating

unskilled programmers.

The aforementioned is observed from the fifteen (15) graduates (of
different cohorts) employed in the ICT Directorate of the University of
Jos where the researcher works. They were retrained to acquire requisite
skills before being allowed to work on production systems. This is due to
lack of adequate computers in the Computer Laboratory of the Computer
Science Department, and resistance to the concept of ‘Bring Your Own
Technology’ (BYOT) inside the physical computer lab (see Appendix L:
Computer Lab Guidelines).



Traditionally, physical computer laboratories in Computer Science
departments of universities are set up for students to carry out practical
programming assignments. The ideal situation is to have a ratio of one-
to-one (1:1) i.e. one student per computer during the practical classes
(Islam, & Gronlund, 2016). However, the present situation in the
Computer Science Department of UniJos is far from this. The cost of

having and maintaining one computer per student is quite high.

Also, if the lecturers are to group their students to take turns and use
the computer lab, it is difficult to find time per week per semester to cater
for all the groups because of the large number of students require to use
the facilities. Due to this constraint and the resistance to BYOT inside the
physical computer lab, quite often the lecturers teach these practical-
oriented courses without adequate lab facilities that would have engaged
the learners, shaped and molded them into skilled programmers. This
situation is similar to what Achibong, Oshiomu & Bassey (2010:204)

referred to as “... ill-equipped graduates’...

'An activity system’s view of learning programming skills in a virtual
lab: a case of University of Jos, Nigeria.! The focus of this minor
dissertation is to investigate how use of Virtual Lab could mediate
students’ hands-on  programming skills acquisition, through
transformative mediation of ICT tools. The virtual lab environment have
no BYOT resistance like the physical lab since access to the lab by the
users must not be in a confined physical lab. Thus, learners can use their

devices to perform hands-on practical activities inside the virtual lab.

A virtual lab is not a real lab but a simulated lab environment using

software; for this research work, the simulated lab was a plugin on the



LMS server. Access to the virtual lab was not restricted to a fixed
physical space unlike the physical lab. Many users can access the virtual
lab on the LMS server through a web interface, using other computers
and mobile devices without BYOT resistance. Learners can access and

use it concurrently at any time as long as they are given permission.

With virtual lab, students can access the lab using their devices
remotely to complete and submit their assignments. The lecturer can
easily assess, make comments, guide and coach each student online with
feedback on their work using his/her technology (including devices such
as private computers, laptops, and/or tablets). The virtual lab provides the
lecturer with an option to set scripts and programs to evaluate every
student's submissions, hence making the evaluation and feedback process

easier (Robinson, & Carroll, 2017).

The Java programming course (with course code of CS202) is a three-
credit unit course and the 2015 class has 68 students. The CS202 is one
of the Object-Oriented programming courses that require a number of
hands-on lab activities and students' active engagement. The course is
structured to include 60% theory and 40% practical sessions; and the
assessment has been 100% theory instead of 60% theory and 40%
practical because of the aforementioned challenge in conducting practical
sessions. The Department has one computer laboratory with 14
operational computers, which is not adequate to cater for the 'hands-on'
practical programming requirements of this course. Therefore, it affects
their practical skills and experience that supposed to groom them as

potential programmers (Kori, et al., 2016; Savi¢, et al., 2016).



The affordances of the virtual lab mentioned above shows that it has
the potential to mitigate the challenge of graduating unskilled
programmers. The virtual lab can enable students to access lab and
practice Java program coding repeatedly at their own pace (Heradio, et al,
2016; Hovardas, Xenofontos, & Zacharia, 2017) and also have the
attention of their lecturer individually. The lecturer have the opportunity
to help each students base on his/her Zone of Proximal Development
(ZPD) through corrections, comments and feedback on their lab activities
as maintained by Vygotsky (Barker, Quennerstedt & Annerstedt 2013;
Engestrom 2014:134-135; Roth, 2014; and Bozalek, Ng’ambi, Wood,
Herrington, Hardman, & Amory, 2015: 46-47; Leonardo, & Manning,
2017).

Therefore, the virtual lab mediates between the lecturer and the
students to enhance students’ programming skills acquisition (Bozalek,
Ng’ambi, Wood, Herrington, Hardman, & Amory, 2015:10-14, 46-57).
Accessing the virtual lab is based on the concept of ‘Use Your Own
Technology’ (UYOT) remotely where both the students and the lecturer
gain access to the virtual lab on the Moodle LMS server using their
devices through web access. The theoretical framework used for this
research work is activity theory, to explain how use of virtual lab could
mediate students’ hands-on programming skills (Engestrom, 2017b;

Engestrom, 2014).

1.3 Research Problem Statement
Learning professional courses like Computer Science, Architecture,
and Engineering requires a number of practical hands-on activities and

scaffolding in order for the learners to be technically and practically



competent (Johns-Boast, 2014:199-201). In Computer Science,
programming is one of the fundamental aspects that require thorough
program coding, program testing, and program debugging by students
(Kori, et al., 2016; Savi¢, et al., 2016). Lack of students' hands-on
programming could be a serious setback for the learners because they
will only acquired the theoretical knowledge without practical skills.
Also, from a pedagogical point of view, the learning process may not
enable students to demonstrate their practical understanding of the
learned concepts. The effect of this is that students graduate without
programming skills and hands-on experience. From ‘Experiential

(13

Learning’ theory perspective, experiment helps students to
understand and grasp the relevance of the theoretical concepts they learn
in class, i.e. to put theory into practice ... (Johns-Boast, 2014:201).
Therefore, it will be difficult for them to get employed or when
employed they may need to be retrained by the employer before they are
allowed to work in a production environment (Acheampong, 2013;
Bringula, Balcoba, & Basa, 2016; Baruah, Ward, & Brereton, 2017). This
can also impact on the reputation of the department. In the context of
Computer Science Department of UniJos, there is need for an alternative
means of engaging students in hands-on programming practice while the

lecturer guides them through the process. The use of virtual lab provides

such alternative hands-on programming environment.

1.4 Research Question
The primary research question for this minor dissertation is: How does
use of a virtual lab mediate Java programming skills acquisition amongst

computer science students?



How does the use of
virtual lab mediate Java
programming skills
acquisition amongst
computer science
students?

Lecturer

This research question embedded the following researchable subsidiary

questions:
1. What is the objective of virtual lab programming?

2. How does the virtual lab programming mediate students’
programming skills acquisition?

3. What are the teaching and learning practices evident in the virtual lab?

1.5 Research Objectives

The main objective for this research work is to find out whether use of
virtual lab will enhance students’ Java programming skills acquisition in
the Computer Science department at UniJos; while the intervention was
expected to offer the following benefits of virtual lab as a new

pedagogical way of impacting knowledge and practical skills:
1. To provide alternative computer lab engagement

2. To provide flexible access to the lab for students to carry out
programming tasks, and the lecturer to scaffold students' program

coding ability.



3. To enable students' hands-on programming assessment where
formative feedback can help enhance their skills (Robinson, &

Carroll, 2017; Chen, DeMara, Salehi, & Hartshorne, 2017).

1.6 Purpose of the Study
The purpose of this study is to investigate how use of the virtual lab as
an emerging technology (in the context of UniJos) in conducting hands-
on programming practical sessions for computer science courses with
focus on Java programming language course at the UniJos, in Nigeria

could mediate students’ programming skills acquisition.

1.7 Definitions of Concepts and Terms
Some terms and concepts that are commonly used in this research work

are defined in the context of this dissertation as follows.

1.7.1 Learning Management System (LMS)
Mauro, et al., (2017) define a Learning Management System as software

used to deliver, track and manage education.

1.7.2 eLearning

Pulido, Villamil, & Tarazona, (2017) defined eLearning as ICTs
software tool or a set of computing applications that allow creation and
management of spaces destined to teaching and learning through network
or Internet. Su, Tzeng, & Hu, (2016) deifned eLearning as processes of
using electronic teaching and learning programs that are Internet-based
technologies, as well as support systems provided by computers and the
Internet with the aim of creating learning mechanims and environment

that are not bound by physical location.



1.7.3 Virtual Laboratory (Virtual Lab)

Encalada, & Sequera, (2017:1) define virtual lab as collection of
computing resources for simulation of experimentation and practical
activities online for educational purposes. Therefore, the virtual lab is
referred to as a simulated interactive playground or environment with the

help of software tools for experimentation and problem solving.

1.7.4 Programming Language

Ernst, (2017) defined programming language as a language that enable
humans to communicate with a computer through a set of commands,
instructions, and other syntax use to design and develop applications or a
software program. A programming language serves as a vehicle or
medium used by programmers to write logical instructions and scripts
that can be understandable and executable by a computer (Cook, 2013:4-
5).

1.7.5 Java Programming Language

Gosling, Joy, Steele Jr, Bracha, & Buckley, (2014:1) defined Java
programming language as ... “a gemeral purpose, concurrent, class-
based, object-oriented language.” Java programming language 1is
concurrent (can execute collection of processes in parallel), class-based
(allow inheritance of features) and object-oriented (that is, concepts are
represented as objects with attributes that describe the objects),
multithreading and portable across different platforms (Gosling, Joy,
Steele Jr, Bracha, & Buckley, 2014).

10



1.7.6 Mediation
Mediation is a process of enabling or assisting negotiation; the enabler

can be a tool like in technology mediation (Jalonen, Lakkala, & Paavola,

2011).

1.8 Chapter Summary

The application of ICTs in education is to supplement the teaching
and learning processes. As noted by Jaffer, Ng'ambi and Czemiewicz
(2007:131), educational technology provides additional pedagogies that
can be use by educators and students to mitigate contextual, learning and
teaching challenges in higher education environments. The use of a
'Virtual Lab' to mediate students' programming skills acquisition at
Department of Computer Science in UniJos will be a pedagogical shift in
conducting lab activities on the university’s LMS online. Also, it is an
opportunity to complement the physical laboratory while providing a
flexible medium for students' engagement with practical programming
tasks. Therefore, this dissertation will contribute in two (2) forms to the
field of ICTs in Education or e-Learning, namely: provide a new way to
promote hands-on programming education (especially in UniJos context),
and opportunity to conduct programming exams online that will

encourage online or distance learning in courses like Computer Science.

1.9 Thesis Structure
The dissertation is structured into five chapters. Chapter one covers
the background, context, rationale, justification, research questions, and
definition of terms and concepts in the context of this research work.
The chapter two reviews and unpacks the available literature, the

concept and empirical research on the wvirtual lab, the virtual lab
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development tools, and the theoretical framework (that is, activity theory)
employed in this research. It also examines and critiques the theoretical
and conceptual underpinnings that others have investigated.

The chapter three introduces the research design methodology
(qualitative technique and descriptive research methods), data collection
methods, instruments used and data analysis technique.

The chapter four presents, analysed and thoroughly discussed the
research data collected.

The research findings are summarized in chapter five. This chapter also
provides reflections on the research work and recommendations for

adoption, implementation and future research in this area.
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2 CHAPTER 2: LITERATURE REVIEW
2.1 Introduction to the Chapter

This chapter reviews the background and concepts of the virtual lab
and its use for teaching and learning. Empirical research on virtual lab
was reviewed, which includes the development of the virtual lab tools,
such as the virtual programming laboratory (VPL) that was used to
deploy the virtual lab on the LMS. It also discussed historic trends of the
virtual programming laboratory and its features.

The chapter concludes with a discussion of the theoretical framework,

that 1s, activity theory employed for this research.

2.2 Virtual Lab Overview

Advancement in web-based technology introduces the concept of
online activities like online or web-based learning, eLearning, mobile
learning, remote lab, virtual lab and online experiments (Potkonjak, et al,
2016).
Wang, (2012:1745); Dalgarno, Bishop, & Bedgood Jr (2012:90) found
that educators of professional courses such as electrical engineering,
computer science and computer engineering have exhibited anxiety in
embracing eLearning. This is because they felt it would be difficult to
conduct some of the important components of their teaching through
eLearning, especially conducting hands-on lab activities. The concept of
virtual lab is relatively new and emerging (in the context of UniJos),
although its implementation has been around for years (Heradio, de la
Torre, & Dormido, 2016). It is worth noting that students can use home
computers and mobile devices to access and complete lab activities in the

virtual lab. The virtual lab further offers a convenient means for the
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lecturer to assess large number of students’ lab activities in the virtual lab
than otherwise.

For some years now a great deal of exploration has been carried out
and experimentation conducted on using ICT tools to conduct lab
activities online (Wang & Philips, 2012; Heradio, et al, 2016; Rodriguez-
del-Pino, Rubio-Royo & Hernandez-Figueroa, 2012; Alkhaldi, Pranata,
& Athauda, 2016). Currently, two major approaches for online
laboratories have been identified, namely virtual labs and remote labs
(Heradio, et al, 2016). Both uses web interface to access the laboratories,
hence the name ‘web-based laboratories’. Technically, a web-based lab is
any lab that is accessed through the Internet/Intranet using a web

browser, and this could be either a virtual or remote lab.

2.3 Virtual Lab Concepts and Empirical Research Review

The concept of virtual laboratories emerges due to the quest to support
students’ laboratory practices and learning especially in the field of
science and engineering (Bose, 2013; Petrovié, et al, 2016; Heradio, et al,
2016; Diwakar, et al, 2016). The process became possible with
advancement in ICTs and development in educational pedagogical
practices (Potkonjak, et al, 2016). The concept first appears in the year
1984 with the conception of virtual instrumentation based on the
fundamentals of programming; and in the 1990s, the concept of object-
oriented programming was employed in the development of laboratory

simulation (Oliveira, Marranghello, Silva, & Pereira, 2016).
The virtual lab is an interactive virtual environment that comprises
of technologies, educational pedagogies, and human resources especially

students and educators to perform practical activities (Potkonjak, et al,
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2016; Soni, & Katkar, 2014). However, the concept of the virtual lab is
not only to develop interactive tools that could promote a new culture in
schools’ learning processes. But also to embed new educational
pedagogies that can enable student-centred learning processes through
authentic learning (Potkonjak, et al (2016). The virtual lab offers
students the opportunity and the environment to practice and demonstrate
their understanding of theories and concepts learned; that is, it gives them
the ability to apply their theoretical knowledge (Lewis, 2014; Tatli, &
Ayas, 2013). Therefore, the virtual lab environment could provides an
opportunity for students to perform and practice programming knowledge
and concepts learned in theoretical classes at their own pace to acquire
practical experience and skills.

The concept of virtual lab is improving due to rapid advancement and
continuous development in ICTs, and the need to use ICTs is also
increasing because of cultural changes (Potkonjak, et al (2016;
Rodriguez-del-Pino, Rubio Royo, & Hernandez Figueroa, 2012; Heradio,
de la Torre, & Dormido, 2016). However, the concept is not to competes
or replaces the traditional physical lab, instead, support and supplement
the physical lab in situations like when the number of users outweigh the
equipment in the physical lab or when there is need for frequent access to
the lab for practical activities (Frerich, Kruse, Petermann, & Kilzer,
2016). According to Frerich, Kruse, Petermann, & Kilzer (2016) the
concept of virtual lab has been promoted to advanced opportunities for
integrating teaching, research and inter-disciplinary research activities.
Therefore, the concept could be considered as a paradigm shift in ICT-

based education delivery process.
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Virtual Lab is an interactive environment used to conduct simulated
experiments and a practice-playground for tasks like program coding and

testing (Furberg, 2016; Hidayat, & Utomo, 2015).

Frerich, Kruse, Petermann, & Kilzer, (2016)) noted that a virtual lab
could be viewed as a simulated lab environment using software
application, while a remote lab is a non-simulated lab environment. This
implies that a remote lab is a real physical lab that is accessed through the
web or Internet remotely from a different location. Lemonds defines a
remote lab “...as any physical equipment that is operated from a
geographic location different than the location of the equipment using
user interface software in order to learn or reinforce a concept”
(2012:2). For instance, a computer-networking lab can be set up with
real switches and routers where students located remotely from the lab
can access the physical lab via the web to practice configurations of the
switches and the routers (Zalewski, & Gonzalez, 2017).

On the other hand, software such as Digital Logic Builder (DLB)® or
Easy Java Simulations (EJS)* can be used to simulate an Electrical
Engineering Digital Logic Design lab environment (virtual lab — not a
real lab). With this, students can access via a web interface through the
Internet to perform practical experiments (Heradio, de la Torre, &
Dormido, 2016). Oliveira, Marranghello, Silva, & Pereira, (2016)
explained that use of virtual lab as a pedagogical tool eliminate damage
to expensive equipment that could also be unaffordable or unsafe for

students.

3 DLB Website http://www.cise.ufl.edu/~fishwick/dig/dlesp.htm
1 EJS Website http://fem.um.es/Ejs/
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Hence, use of virtual labs in teaching and learning technical courses
provide a new way of conducting practical classes that could be
challenging in a given context. This description is relevant to the
situation in the Computer Science Department of UniJos, where the cost
of acquiring computers and other devices to equip a physical lab for a
large number of students to have hands-on practice is not affordable. In
such situation, a free and open source software tools like Virtual
Programming Lab (VPL — a software plug-in designed for simulating
virtual lab and compatible with Moodle) can be used to simulate the
virtual lab environment for students to carry out hands-on activities
(Oliveira, Marranghello, Silva, & Pereira, 2016).

Chen, Song and Zhang’s investigation shows that use of virtual labs
allow students to repeat hands-on practice multiple times, giving them
the opportunity to see how changed parameters and values affects the
output (2010: 3844). This feature of the virtual lab is an important one for
Computer Science programming courses that required students to be
engaged in a regular program coding, debugging and testing to perfect
their programming skills. The programming practice in the virtual lab can
take place anytime and anywhere as long as the students have Internet
access.

Alkhaldi, Pranata, & Athauda, (2016) reviewed contemporary remote
and virtual labs deployments and observed that use of virtual lab resulted
in rich hands-on learning experience, better achievement of learning
outcomes when relevant pedagogical framework, well planned content
with regular educator's interactions with the learners is involved in the
process. Their findings show that virtual labs provide learners with self-

paced hands-on learning opportunities, ability to reset or retry
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experiments without waste of resources, and flexibility to access lab
environment. Mahajan, Kulkarni, & Diwakar, (2016) conducted a pilot
study on how to use virtual labs to teach Mobile Communications in
University of Mumbai. Their findings show 1) that the students were
interested and motivated using the virtual lab, 2) improved understanding
of core concepts by students, 3) that the students responded positive with
course exit survey feedbacks, and 4) students improved performance at
the end of semester. These findings indicated that the virtual lab have the
ability to provides students with hands-on programming environment to
practice programming concepts and knowledge acquired in theoretical
sessions at their own pace.

In addition, the use of the virtual labs can promote and support
student-centred learning and teaching pedagogy (Encalada, & Sequera,
(2017; Dunn, (2017). This could also induce the students who are digital
natives into using their mobile devices to practice programming (Sorgo,
et al, 2017; Fernandez, et al, 2017). Engaging students with programming
activities in the virtual lab can attract and motivate them to practice
programming concepts they learned in class, hence, promoting authentic
learning (Cheng, Chen, Liu, & Huang, 2016; Bozalek, Ng’ambi, Wood,
Herrington, Hardman, & Amory, 2015).

2.3.1 Virtual Lab Affordances
The virtual lab technology has rich educational features for
teaching and learning practical concepts, which promotes the virtual lab
development and it use by learning institutions (Bose, 2013; Pellas, et al,
2017). These are affordances of the virtual lab that enhances its

suitability for practical lab activities. For instance, the accessibility
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affordance of the virtual lab enables users to easily access the virtual lab
environment at convenient time to perform hands-on activities (Lewis,
2014). This feature is appropriate for practical programming lab activities
and for distance learning programmes, where students can access the lab
from different places. Also, it enhances the possibility to share the virtual
lab across institutions.

The observe-ability feature of the virtual lab help users to observed
the results or effects of their actions or activities performed in the virtual
lab (Qvist, et al, 2015). The virtual lab has the ability to simulate real
sensation of the practice environment (Qvist, et al, 2015; Tatli, & Ayas,
2013; Lewis, 2014). This affordance of the virtual lab can be leverage
upon in a situation whereby there could be a risk or trouble
experimenting with some equipment that can hurt or injured students or
even damage the equipment.

The virtual lab has the interact-ability feature that enables many
students to interact with it at the same time without any impact on its
performance and functionality (Hovardas, Xenofontos, & Zacharia, 2017;
Bose, 2013). The interactive affordance of the virtual lab makes it
effective pedagogical resource for online education delivery, which
encourages students to be at the centre and play active role in the learning
process and provides them with hands-on experience (Oliveira,
Marranghello, Silva, & Pereira, 2016). Soni, & Katkar, (2014)
maintained that the virtual lab provides an innovative way for hands-on
lab practice and enhances access to lab environment.

A virtual lab is a web-based simulated lab environment that required
network connection to be accessed. With a network connection, students

can access the lab environment any time at their own pace; while the
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educator can monitor and manage the students’ activities in the virtual
lab and guide them (Farooq, & Khlad, 2013). The virtual lab provides an
online platform for students to interface with lab environment and
perform practical activities seamlessly. This platform also enables the
educator to provide students with feedbacks either synchronously or
asynchronously (Farooq, & Khlad, 2013; Hovardas, Xenofontos, &
Zacharia, (2017).

Oliveira, Marranghello, Silva, & Pereira, (2016) considered the virtual
lab as one of the most important online educational resources that offered
students the opportunity to acquire practical experience and practice what
they learned through the Internet. Virtual lab provides the required
environment for students to demonstrates and converts their theoretical
knowledge into practical knowledge and experience through lab practice
(Tatli, & Ayas, 2013; Hovardas, Xenofontos, & Zacharia, (2017). Also, it
provides the opportunity for students to revisit or repeats any incorrect
lab assignments to deepen the expected experiences and skills; hence, the
interactive affordance of the virtual lab offers students a transparent and
pleasant hands-on learning environment (Tatli, & Ayas, 2013; Lewis,
2014).

Therefore, use of virtual lab for practical programming activities and
learning can spin students into active thinkers that can construct their
learning effectively and meaningful instead of being passive observers
(Lewis, 2014). In some situations for instance, lack of laboratories,
crowded classrooms, and insufficient lab materials, practical sessions are
conducted using demonstration approach. And in such situations, virtual
labs can support and provide valuable lab environment and used as

supplementary or alternative lab to physical lab (Tatli, & Ayas, 2013).
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2.3.2 Teaching and Learning Practices in a Virtual Lab

The virtual lab is a vital mediating tool for online (eLearning)
teaching and learning practices for professional courses like Computer
Science (Galan, et al, 2017). Teaching and learning practices in the
virtual lab allows students to connect, interact, share, and learn from
peers and others outside their classroom and school hours. The virtual lab
environment embedded pedagogical strategies, technologies and learner’s
needs to enhance practical teaching and learning experiences (Cordeiro,
Fonseca, & Alves, 2015).

Heradio, et al, (2016) and Brinson, (2015) maintained that the
pedagogical techniques employed for teaching and learning in virtual lab
environment should ensure optimal student engagement, promote student
interaction with content, with peers, educators, and encourage reflective
thinking. The teaching and learning practices in the virtual lab
environment promote self-paced learning and also enable the learners to
define and construct their individual practical understanding of the
hands-on activities (Lewis, 2014). The virtual lab hands-on teaching and
learning practices encourages inquiry-based learning, stimulate students’
curiosity, interest, creativity, and critical reflections on the lab activities
(Galan, et al, 2017). The pedagogical techniques appropriate for teaching
and learning in the virtual lab include virtual (online) collaboration,
problem-based learning, inquiry-based learning, experiential learning,
and constructivist learning approach (Kaunang, et al, 2016).

Hands-on learning practice in the virtual lab can be bored for learners
when it is not engaging. Therefore, the teaching practices in the virtual
lab require the educator to plan, scaffold, moderate, and facilitate the

hands-on learning activities so as to engage the learners in authentic
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learning (Zhu, Yu, & Riezebos, 2016; Simpson, 2016). Using the virtual
lab for hands-on practice requires that the educator constantly monitor,
review and evaluate students’ hands-on activities in the virtual lab to
better guide and provide them with timely feedbacks (Kaunang, et al,
2016). These learner-teacher interactions can happen synchronously or
asynchronously.

The teaching and learning practices in the virtual lab provides
active learning opportunities, flexibility for students, and encourages
learning by doing (Encalada, & Sequera, 2017). Therefore, the facilitator
(educator) 1s required to schedule the expectations in terms of
participation, pacing, and progress for timely completion for all students
to follow. Another advantage of the virtual lab is that the teacher can also
use the virtual lab in class to demonstrate concepts that could facilitate
learning. Teaching and learning practices in the virtual lab can be quite
rewarding and also challenging because it requires authentic student
engagement with the hands-on learning process if not, the students may
end up doing something else on the system (Kaunang, et al, 2016).

Therefore, teaching and learning practices in the virtual lab can be
challenging for the educator because its required the educator to
frequently be online to communicate with the students using methods like
chats or forums’ discussions. Setting expectations for both the students
and the educator at the beginning is very important; this should include
guidelines for when the students will expect the teacher online. The
teacher needs to ensure that the students are engaged with the lab
activities by creating such opportunity through student-led discussions
and feedbacks. Also, the teacher needs to engage in one-on-one with each

student to avoid students feeling deserted or lonely.
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2.3.3 Virtual Lab Development Tools

ICTs have opened a new sphere for teaching and learning with web-
delivered interactive environment and offer a great improvement in
communication within the academic community (Berenguel, et al, 2016;
Al-Adwan, & Smedley, 2013). The ICTs tools provide a solid delivery
and pedagogical framework that can be used to design interactive
simulation-based learning tools like Virtual Lab (Al-Adwan, & Smedley,
2013; Juhary, 2014; Pellas, et al, 2017). With the recent advancement in
ICTs development, simulation applications are becoming capable,
reliable and robust for the design and implementation of virtual labs
(Navaraja, Jain, Sengupta, & Kumar, 2016).

In this research, the virtual programming Lab (VPL) module was
used as plug-in software for the Moodle LMS. This was because it
provides features that better mitigate the constraints at hand than Easy
Java Simulation (EJS) plug-in. Easy Java Simulations (EJS) is a free and
open source plug-in for simulating a virtual lab and compatible with
Moodle LMS, however, it is software more suitable for simulating
engineering or architectural lab design activities than for coding
programs in computer science (Navaraja, Jain, Sengupta, & Kumar,

2016; Galan, et al, 2016).

2.3.3.1 Virtual Programming Lab
The virtual programming lab was the preferred virtual lab
development tool used for this research work because it has the necessary
features to create programming activity system environment. The VPL,
as a virtual lab development tool, has been developed over the years with

improved features for learning and teaching. In the year 2000 Cao, Chan,
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Cao & Yeung designed a system called WebVPL for online teaching and
learning with a web interface that enable students to access lab servers
with resources from anywhere remote to the laboratory servers (Wang,
2012). WebVPL does not have a feature that enable web-based editing
and program coding for students. With WebVPL, students could only
access the lab to download software from school server, follow
interactive demonstrations and listen to tutorial sessions uploaded on the

SCrver.

In 2010, the University of Las Palmas de Gran Canaria of Spain came
up with a stable version of their VPL (Wang, 2012). The VPL is a free
and open source application designed as an activity module plug-in for a
Moodle LMS (Rodriguez-del-Pino, Rubio-Royo & Hernandez-Figueroa,
2012; Robinson, & Carroll, 2017; Pisani, & Carvalho, 2017), released
under a General Public License (GPL). The version 1.4 was released in
September 2011, version 2.0 in July 2012, version 3.0 in February 2014,
and the version 3.1 was released in July 2014 and this was the version
used for this research work. The version 3.1 VPL features include:

1. Provision for backup and restoration of data, grading, grouping of

students, and access control based on roles.

2. Options for monitoring and controlling student task submissions,
which provide the lecturer with an opportunity to control and
manage students' activities in the virtual lab.

3. A friendly code editor component that allows users (especially
students) to edit program files using a browser.

4. Displayed program files with program syntax highlighted, which

makes program bug location and debugging very easy (Rodriguez-
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del-Pino, Rubio-Royo & Hernandez-Figueroa, 2012:80; Pisani, &
Carvalho, 2017; VPL Website’ ).
Apart from the compatibility of the VPL with the Moodle LMS to
simulate a virtual lab; it provide the lecturer with the affordance to create,
assign, and monitor hands-on programming tasks and review students’
lab activities on the virtual lab; thereby enabling a hands-on

programming activity system in the virtual lab environment.

2.4 The Activity Theory

The theoretical framework for this study is based on Activity Theory
(AT) where Engestrom (2014) explains how use of artifacts in activity
system mediate learner's learning processes. These artifacts could be ICT
tools such as mobile devices, LMS, and virtual programming lab. AT is a
theoretical framework that can help understand, describe and explain
learner's programming skills acquisition through the use of ICT tools
(Aguayo, 2016). Activity Theory was conceived from the ideas of
Russian psychologists Vygotsky, Luria, Leont'ev and others (Wilson,
2014; Bozalek et al., 2015).

A simple AT model is depicted using a triangle where the top node or
vertex represents the entry point of mediating tools into the activity
system and the other two vertexes denote subject and object (Bozalek et

al., 2015; Engestrom, 2017a) as shown in figure 1 below.

3> VPL Website http://vpl.dis.ulpec.es/index.php/en/features
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Mediating Tools

Subject Obiect

Fig 2.1: AT Model

Based on Vygotsky’s concept of mediated action, the subjects are the
participants (students and lecturer) in the activity (hands-on Java
programming) motivated towards attaining or achieving a purpose or
object(ives) of the activity (Wilson, 2014; Bozalek et al., 2015). The
object represents the purpose or goal of the activity and the subjects’
motives for participating in the activity are contradictions or tensions in
the activity system (Bravo & Olavarria, 2013; Engestrom, 2017b). The
tools are social, cultural-historic material resources or artifacts that the
subjects used to achieved the object (Wilson, 2014). The activity
outcome is the result or consequences faced by the subject(s) based on
their actions driven by the activity object, which could motivate,
encourage or discourage the subjects from participating in future
activities (Bravo Olavarria, 2013; Engestrom, 2017b).

The choice of AT in this study is to used it as a lens to examine Java
programming lab activity system where the lecturer used the virtual lab
to mediate students’ programming skills. Using AT as a framework

helped draw relationships between students’ hands-on practice,
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engagement and hands-on skills acquisition. “Activity theory can be
used as a methodological tool to investigate pedagogical change within a
classroom” (Hardman, 2005: 1; Bozalek et al., 2015). The AT served as
a lens to examine how a virtual lab mediates the acquisition of
programming skills.

Activity Theory development currently has three generations
(Engestrom, 2014): the first represents activity at an individual level
where the tools (artefacts, ICTs inclusive) mediates between the subject
and the object, hence, the first generation of AT is based on Vygotsky's
concept of mediation, (Robertson, 2008; Hardman, 2005; Engestrom,

2014).

Tool

Subject - > Outcome
Object

Fig 2.2: First Generation AT

The second generation was developed to represent an activity system at
a collective level, as the first one is limited to only an individual level.
This was developed based on Leontiev's three-level model of activity
(Hardman, 2005; Engestrom, 2014), where rules (explicit or implicit)
exist to guide and check responsibilities or division of labour among the

activity's participants.
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Tool

Subject Object ===l O;;come

Rules Division of
Community Labour

Fig 2.3: Second Generation AT

The second generation also failed to address two or more activity
systems and this led to the development of the third generation which
represents a network of activities (i.e. inter-activity) based on
Engestrom's Activity Theory model (Engestrom, 2014). In this AT
generation, the activity systems have a common object or boundary

objects as shown in figure 4 below represented by a test tube-like shape.

Tool Tool
Subject o .
J > <3 < Subject

E=
K (=]

. Rules

Rules Community Division of Community Division of
Labour Labour

Fig 2.4: Third Generation AT

28



This study aimed at using the second generation Activity Theory
because it involves a single activity system (i.e. virtual lab programming
activity system) with collective individuals (students and lecturer) as

indicated in figure 2.5 below.

Tools (Virtual Lab, LMS, Internet, Laptop)

. Graduate Skilled
X Object: —
Subject: Lecture
ubjec clurer Java programming Programmers
Rules: L
LMS access policies Community: Division of I..abour:
Lab guidelines Lecturer Lecturer assigned lab tasks and scaffold

Students perform lab activities

Students . -
Systems Admin ensure servers” accessibility

Systems Admin

Fig 2.5: Hands-on Java Programming Activity System

2.4.1 Cultural-Historical Activity Theory (CHAT)
Activity Theory is a powerful theoretical lens to view and explain
how interaction with ICT tools in learning activities could enhance

hands-on skills acquisition (Engestrom, 2017a; Clemmensen, Kaptelinin,
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& Nardi, (2016). The activity theory offers a framework to analyse the
socio-cultural influences of rules & regulations, community and division
of labour in the same activity system (Behrend, 2014). The cultural and
historical way of learning programming in computer science at UniJos
involves more of the theoretical concepts than hands-on program coding.
This is due to limited number of computers in the lab and resistance to
BYOT.

The socio cultural aspect of activity theory helped describe who are
carrying out the activities in the virtual lab environment (i.e. division of
labour), explain which cultural rules and regulations guide the
participants’ interactions and performance in the activity system (rules
and norms), and what cultural artifacts are at their disposal (Taylor,
2014; Behrend, 2014). For the virtual lab programming activity system
in computer science at UniJos, the rules and regulations include access
control to the wvirtual lab, activities instructions, datelines for
submissions, and number of attempts. The theoretical lenses of activity
theory helped view and explain how the socio-cultural life of the
participants is displayed or exhibited in the learning environment
(Virtual Lab) that is, Java programming activity system (Wilson, 2014;
Clemmensen, Kaptelinin, & Nardi, 2016; Leonardo, & Manning, 2017).

Activity theory i1s referred to as Cultural-Historical Activity
Theory (CHAT) because the social participation and interactions in an
activity as maintained by Vygotsky can change dynamically when social
and cultural conditions change (Wilson, 2014, Bravo Olavarria, 2013).
In this context, moving from use of traditional lab to virtual lab, the

participants’ (students and lecturer) social participation and interactions
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in the virtual lab changed from face-to-face to online or virtual
(synchronous or asynchronous).

The concept of CHAT is developed based on ideas and socio-cultural
perspectives of Vygotsky, Leontiev, and Engestron that humans learn by
doing, act collectively and communicate through their actions. They
create, use and adopt relevant tools in the process (Wilson, 2014;
Taylor, 2014; Behrend, 2014). This human interaction in an activity
system 1is regarded as the participation, while the actions of the subject
on the object are mediated by the artifacts, and guided by the community
rules and division of labour of the activity being performed (Bozalek et
al., 2015; Engestrom, 2014).

CHAT can help a researcher to understand, analyse and explain the
relationship between participants’ thoughts, feelings and the activity
they are doing (Java programming) using cultural resources or artifacts
(Wilson, 2014; Bozalek et al., 2015). According to Leontiev, the object
is key in directing the activity, while the subjects’ actions changed or
transformed the activity system’s object in reaction or response to
motives or contradictions /tensions within the activity system (Bravo
Olavarria, 2013; Engestrom, 2017b).

CHAT theorists described artifacts as cultural tools with meditational
function, which can be determine based on local and historical position
or context that help participants of an activity system to carry out an
activity (Bozalek et al., 2015; Bravo Olavarria, 2013; Leonardo, &
Manning, (2017). As the subjects (i.e. lecturer and students) performed
actions on the activity multiple times using the artifacts, the object (Java
programming) is being transformed many times to a stable finished

product or outcome (programming skills acquired).
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From CHAT perspective, rules guide and direct subject participation
within the activity system community and also provide procedures for
acceptable interactions among the community members (Leonardo, &
Manning, 2017). The community comprises of the subjects in an activity
system with varying interests, opinions and traditions forming a social
group. In the community there exist a division of labour, in which each
subject (e.g. lecturer) or subjects (e.g. students) have particular actions
or tasks to be perform on the activity (Leonardo, & Manning, 2017). The
division of labour could be horizontal (i.e. tasks are shared equally
among members of the community) or vertical (tasks are assigned or
shared unequal base on status) (Bravo Olavarria, 2013). In the hands-on
Java programming activity system, the lecturer and the students
vertically perform tasks; while among the students, the division of
labour is horizontal with equal status.

In an activity system, there are different views or perspective
about the object (i.e. the object is internally contradictory) among the
community members, and these make the activity system unstable
(Engestrom, 2017b). The instability could be contradictions or
disturbances. Also from the CHAT perspective, contradictions build
tensions and can happen within components of an activity system (for
instance, within object), between the components (e.g. between rules and
the object) or between different activity systems (Engestrom, 2017b;
Bravo Olavarria, 2013). Disturbances on the other hand, are deviations
observed in the flow of interactions within the activity system (Bravo

Olavarria, 2013).
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2.4.2 Review of Related Literature

Emily, et al (2016) investigated how use of Facebook as
technological tool for teaching students could mediates their ability to
apply the knowledge acquired in schools at workplace after graduation.
They use activity theory as a theoretical framework and explored how it
could be used as a lens to analysed how students’ interaction with the
technological tool (Facebook) enhanced their knowledge application
skills at workplace when employed. Their findings show that 1) use of
Facebook as a technological tool for students’ interaction mediated their
knowledge application skills; 2) AT is a useful theoretical framework to
be used as a lens to analysed how students’ interaction with
technological tool could mediate their knowledge application skills.

Mlitwa & Van Belle (2011) used an analytical framework called
ActAD, which is based on activity theory (Engestrom’s view) to explain
their investigation of teachers' adoption of Course or Learning
Management System (C/LMS) in universities in the Western Cape,
South Africa. Their findings indicate that the ActAD framework is
useful for applying AT in the context of eLearning technological tools at
universities’ level. Cakiroglu, et al (2016) employed activity theory as a
framework to understand the actions and activities of both students and
educator in an online programming course; using Adobe connect web
conferencing system as mediating tool. The research result shows that
the lens of activity theory can be used to explore activity system actors’
interactions and experiences in a programming course delivered online
using web conferencing tool.

Rautkorpi, & Hero, (2016) investigated how experimentation-

based pedagogies are used in higher education to improved students
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skills in performing experiments. They used activity theory as a
theoretical framework and their findings shows that there were important
achievements in students’ fieldwork practices and that the theoretical
framework was adequate to analyse the collated data. Clemmensen,
Kaptelinin, & Nardi, (2016) investigated how activity theory is used by
researchers in the area of human-computer interaction (HCI) and how it
worked out. Their findings show 1) regular and positive use of the
activity theory by researchers in HCI, 2) the researchers adapted and
contributed to the development of the theory.

These various findings demonstrated that the strength of activity
theory is the ability to integrate or link the human and the technological
elements to explain and described their interactions. The activity theory
provided a structure or frame for categorizing, systematizing, describing
and interpreting activities in activity systems. Thus, activity theory is a
powerful descriptive and interpretive tool for research approach.
Therefore, activity theory is employed for this research to describe and
explain students’ interactions with the virtual lab for hands-on Java
programming. Therefore, these previous studies have alerted me to the
value of using Activity Theory in my study. The key idea of activity
theory that shall direct this research work is the use of virtual lab as an

artifact.

2.5 Conceptual Framework of the Virtual Lab Activity System
Environment
The figure 2.6 below is a logical schematic diagram of how the virtual
lab environment is accessed by both the lecturer and the students. The

virtual lab users accessed the lab from within the UniJos network
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(Intranet) and from outside through Internet using private computers,

mobile devices from homes, hostels, and at hotspots.

ﬂﬂ Unijos LMS ﬂ

Virtual Lab Environment

o

ﬂ =

Figure 2.6: Logical Schematic Diagram of Virtual Lab Environment

Key: Student A=SA, Student B=SB, Student C=SC, Student D=SD, Lecturer=Lec., Local Area
Network=LAN

An analytical framework based on Activity Theory shown in Figure 2.7
describes the virtual lab programming activity system and how it could
mediate learners’ hands-on programming skills acquisition. The activity
system based on this framework is depicted in Figure 2.8 below. The
activity framework comprises of six activity system components that
make up the teaching-practice-learning programming work activity, that
is, subject (actors), tools/mediators, tensions/contradictions, objective
(motives, goals), actions (virtual lab programming), and outcomes

(Mlitwa & Van Belle, 2011, Engestrom, 2014).
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Subject: Actors Lab Activities Tools

— M
otives & Goals

*Create lab activities Lecturer: Use LMS & VL to:
*Assign tasks
Lecturer *Scaffold students tasks

=~ *Programming skills
1.Give instructions acquisition
2.Assign tasks & assignments *Flexible lab access

*Review tasks & feedbacks 3 Scaffold students
~Students Lab Actions ™ : 4.Provide feedback

*Program coding
*Program testing

*Bug fixing Students: Use Virtual Lab for

'L 1.Programming practice «Graduate skilled

Students Learning I I 2.Doing assignments & tasks programmers

i T e 3.Interact using chats/forum
*Communicate with

lecturer

*Access feedback
Activity Transforms Motives into Outcomes

Figure 2.7: An Activity Theory-Based Framework for Programming Skills Mediation via
Virtual Lab Environment (Analytical Framework).

Mediating Toels (Virtual Lab, Internet, mobile devices, PCs)

Subject/Actors:

Lecturer, Students - - > Outcomes:
Skills acquired Graduate skilled
programmers
Lab Activities
Lecturer Context
r i ) G ov: Division of Labour:

Rules: ) ommunity: Lecturer assigned lab tasks & scaffold
VL access polices Lecturer Students perform lab activities

Lab guidelines Students

Figure 2.8: Virtual Lab Java Programming Activity System
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The main activity objective from the framework is the hands-on Java
programming practice using the virtual lab environment. The common
object(ive) is the acquisition of practical programming skills by students
and the subject or actors of the system include the lecturer and students.
The activity system community includes the lecturer and the students
(Engestrom, 2017b; Engestrom, 2014). The major tools for this mediation
were the virtual lab, Internet connection, Local Area Network (LAN) or
Intranet, mobile devices (laptops, notebooks, and tablets), and Personal
Computers (PCs). The actions taken include the lecturer accessing the
LMS to assigned programming tasks for students and scaffold the
students' activities in the virtual lab. The students accessed the virtual lab
to perform the assigned lab activities by coding programs and running or

testing them (Engestrom, 2017b; Engestrom, 2014).

The primary anticipated contradictions in the activity system include the
lecturer and students’ motives and goals. The outcome of the activity
system 1s to graduate computer science students with practical

programming skills (Engestrom, 2017b; Engestrom, 2014).

2.6 Chapter Summary

Innovations in web technology enhance development of applications
that support online hands-on practice through online laboratories (Juhary,
2014). The online laboratories, especially the virtual labs are simulated
lab environments that can be accessed by many users at the same time
and anywhere via a web browser. This represents individuals and group
actions that are embedded in a collective activity system on the virtual

lab (Engestrom, 2014).

37



There are many software tools that can simulate lab environment online
for different forms of hands-on practice like digital design, chemistry
titration, and program coding. There are both proprietary and open source
software tools e.g. VPL. Virtual lab is important for conducting hands-on
programming practice where physical equipment is not enough and there
exist restriction to BYOT inside a physical computer laboratory. Virtual
lab gives learners the opportunity to repeat or practice program coding
many times to master concepts and skills.

The theoretical framework for this research work is CHAT, which
helps view how use of ICT tools mediate learning process and explain the
socio-cultural changes in the system. A simple model of activity theory is
represented by a triangle and there are three generations of the theory
each representing a separate form of activity systems. The choice of
activity theory for this research is to examine programming lab activity
system where both the educator and students use the virtual lab to
mediate students’ programming skills. A conceptual framework of the
virtual lab activity system environment was designed to indicate how
individual and group actions or collective activity system in a virtual lab
was conducted. Also, an analytical framework based on activity theory
was designed to show how the virtual lab programming activity system

could mediate practical programming skills acquisition.
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3 CHAPTER 3: METHODOLOGY
3.1 Introduction to the Chapter

This chapter discusses the research design, which employs qualitative
technique and descriptive research methods. The process of selecting the
research participants and the criteria used are outlined here.

The methods of data collection and instruments include, interview and
content analysis of the virtual lab activities (interactions on chats and
forum). The data analysis technique used is ‘thematic analysis’ and a
software data analysis tool called Nvivo was used for the qualitative

data.

3.2 The Research Design
The research work was conducted in a single natural setting, focused
on a small number of participants with the aim of acquiring rich and in-
depth data. The research involves fieldwork, where I collected data from
participants’ collective activity system and therefore a qualitative design

was employed and the research is descriptive in nature.

3.2.1 Qualitative Research Methodology

Qualitative research method is useful in providing answers to
questions of the form “what” and “how” about human opinion (e.g.
using virtual lab for practical classes), and experience (e.g. experience
with virtual lab) that could be hard to answer using quantitative-based
method of data collection (Creswell, 2013). The qualitative research
method was used because it is a good tool to address educational
questions like how use of ICT tools could mediate learners’ acquisition
of programming skills, and how both learners and educator interact

within an activity system (either online or in physical classes).
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Qualitative research method is discipline-independent and offers an open
design concept (Maxwell, 2008:215), which makes it appropriate for use

in ICT in Education research work.

3.2.2 Descriptive Research Methodology

The descriptive research method helps in describing, explaining and
interpreting situations that occurred/happened in a specific place and
time (e.g. virtual lab hands-on programming activities). This research is
case study-based; therefore, the choice of descriptive research method
that is case study-based. Descriptive research method involves
describing and interpreting situations or activities occurring in the
present. This technique is good in representing and/or presenting the
opinions or meanings the participants in an activity have; that can extend
the experience or add value/strength to what is already known in

previous research works (Gray, 2013; Loeb, et al, 2017).

3.3 Case Study Selection

The case study involves one lecturer as a participant and the criterion
is that the lecturer should be the one teaching the CS202: Java
Programming course. Six students were selected by the lecturer to form
the students' sample using a criteria that: 1) three students should be
'Direct Entry' (i.e. students that have obtained Diploma certificate, who
started their degree programme in the second year — '200 level'), and 2)
the other three students are normal entry students (i.e. students who
started their degree programme in the first year — '100 level' without any
advanced qualification), i.e. directly from high school or with secondary
school certificate. These make up a total of seven participants for the

research work; and this selection technique was used for the purpose and
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motive of acquiring rich and in-depth data. Both the lecturer and the

participating students have experience with LMS as educator and

learners respectively.

3.4 Data Collection Methods and Instruments

In the virtual lab, the lecturer assigned lab activities (Java programming

tasks — e.g. write a Java program to determine the upper bound of a two

dimensional array) while the students complete the lab activities by

coding programs, testing programs, fixing bugs and submit them for the

lecturer’s comments and feedback. The whole Java programming

activities in the virtual lab was for a period of three weeks. The hands-on

programming tasks include the following topics:

1.

Write a simple Java program that will search for a word inside a
string

a) Write a Java program to determine the upper bound of a two
dimensional array, b) Write a simple Java program that will
extend an array after initialization

a) Write a program in Java that print summation of n numbers, b)
Write a program that will implement stack

a) Write a Java program that use method for calculating Fibonacci
series, b) Write a Java program that use method for calculating

Factorial of a number

. Write a simple Java program that create different shapes using

Applet.

See some screenshots of the assigned tasks in Appendix M.
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The virtual lab was used to conduct only the practical sessions; that is,
the theoretical aspects of the course were not taught using the virtual lab.
The practical programming sessions were conducted for this research
intervention using the virtual lab and this was the first time for the
lecturer to used virtual lab. Hence, the activities for the virtual lab were
designed differently after the course has been taught.

To gather the appropriate required data for this research work, the
following methods of data collections were used for collecting the
research data after the three weeks lab activities.

3.4.1 Interviews

Interview questions were developed and administered during the
interview interaction with the students’ respondents; while a semi-
structured interview was administered to the lecturer, that is, the
respondent. The interviews were recorded in audio format only without
video having obtained respondents’ permission and consent. The
recorded interviews were imported into Nvivo and transcribed them for

analysis.

3.4.2 Content Analysis
The virtual lab activities were virtually observed online and the
contents generated were analysed to see how use of the virtual lab could
mediate hands-on Java programming skills acquisition. Hence, I was
added as system administrator to the course on the LMS to be able to
access and analyse the contents of the activities, these contents include
the chats and forum. The chats and forum contents were also imported

into Nvivo and transcribed them for analysis.
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3.5 Data Analysis Technique
A thematic analysis was used as a technique to codes or categorized
the collected information, where patterns were identified from the data
and mapped data to those sorted patterns. Related patterns were grouped
into sub-themes, which later developed into themes; and, the research
theoretical framework (AT) was later used to analyse the themes base on

the programming activity system.

3.5.1 Thematic Analysis
Thematic analysis as a categorising strategy for qualitative data, is
independent of discipline or epistemology (Clarke & Braun, 2014); and

its choice for this research work is because of its flexibility and to ensure

that themes naturally emerge from the collected data instead of being
pre-determined or imposed by the researcher. Thematic analysis also

enables simultaneous occurrence of data collection and analysis, that is,

it offers the opportunity for
2009:120). The data analysis for this research was based on Clarke &

on the spot analysis” (Dawson,

Braun, 2014) idea and approach to thematic analysis.

A theme captures vital facts from the collected data in relation to the
research question. It also presents or represents a given pattern of
response or meaning by respondents from the collected data (Clarke &
Braun, 2014). The research data collected, that is, the interviews’ data
and the content generated in the forum and chats were thematically
sorted and categorized into themes, which were later analysed using the
research theoretical framework.

This process include the researcher familiarising himself with the data

and transcribed the interactions, read/re-read the transcripts and
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compared with the audio records, after then initial codes or patterns were
identified. Relevant patterns were sorted or combined into themes; and
the themes were reviewed and refine to cohere together meaningfully.
Then, the themes were named appropriately, and finally the report or

interpretation of the results using the theoretical framework.

3.5.2 Data Analysis Tools

Though analysing data mechanically (Dawson, 2009) is a process that
could make the researcher more familiar with the data he/she collected; a
computing software tool was used to identify patterns and developed
them into categorized themes to ensure accuracy, appropriateness of the
process and save time. A software tool called Nvivo (standalone copy
was acquired) was used for coding the research data. Nvivo was selected
as a tool out of many software tools for analysing the data because it is
user-friendly, good for data analysis independent of researcher's
materials, discipline and work style (Villar, & Papoutsi, 2013;
Talanquer, 2014; Smith-Glaviana, 2016). It has a powerful feature for
querying and uncovering subtle trends in data bank; compatible and
work with data captured in different formats like Microsoft Word,
Portable Data Formats (PDF), pictures, spreadsheet, audio and video
files, social media data, and web pages (Villar, & Papoutsi, 2013;
Talanquer, 2014; Smith-Glaviana, 2016). Nvivo can also share data with
other applications like Excel. Tabulated below is a matrix of questions,
data collection instruments, source of data and data analysis for the

research.

Subsidiary Questions Follow-UP Content Analysis
Interviews

What is the objective of virtual |Six students and
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lab programming? one lecturer

How does the virtual lab Six students and | Analyse content generated by
programming mediate students’ |one lecturer participants
programming skills acquisition?

What are the teaching and Observe and review students
learning practices evident in the lab activities (perform content
virtual lab? - analysis)
Data Analysis Thematic Thematic Analysis
Analysis
Using Nvivo
Using Nvivo

Table 3.1: Matrix of Questions, Data Collection Instruments, Source of data and
Data Analysis

After the data has been collected and coded into themes, the theoretical
framework, that is, Activity Theory was thoroughly used to view,

explain, interpret, and analyse the collated research data.

3.6 Research Ethics

Research ethics are contextual ways or norms for conducting research
in an acceptable manner, though sometimes they are perceived as
simple common sense in carrying out research involving human beings
or animals. Some of these research ethics are being observed, applied,
or interpreted differently by different institutions, departments or
professions in their context, although all point to the same goal. For this
research work, the Computer Science department was contacted for
permission to used one of their courses for my research and consent
granted. The consent of the course lecturer and the sample students

were also granted.
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The department has no departmental ethics on research activities but
the university's research guidelines were adhered to, to avoid what may
be consider research error. The university's research guidelines include:
human subject protection, quality and integrity of research, conduct of
research publications, copyright and patenting policies, human rights,
data sharing policies, and confidentiality rules. The university research
policy maintained, “In carrying out research, professional ethics
unique to particular discipline shall be observed” (Research Policy for
University Jos, 2011:P.13).

I promised to treat the data collected with respect because as noted by
Dawson (2009:P.149) “research process intrudes on people's lives...
some people may find participation a rewarding process, whereas
others will not.” The data collected in the process of this research shall
be treated and stored in such a manner that anonymity and
confidentiality of the research participants are ethically protected.
Although Dawson (2009:P.150) maintained that “... information given
by research participants in confidence does not enjoy legal privilege”
but if it means surrendering the information in court or to any law
enforcement personnel, I will inform the participants before giving it

out.

3.6.1 Code of Ethics
Code of ethics was presented to the research participants before the
hands-on Java programming activities in the virtual lab and the follow-
up interviews. The code of ethics captured how the data collected will

be used. The code of ethics is as shown below, as adopted from Dawson

(2009).
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Ethics
Anonymity

Data Protection

Confidentiality

Participant
Comments

Final Report

Research Stand Point

No name and address will be use or capture in the research final report.
The information provided by participants will be store in a form that
cannot be traced back to them by a third party.

I will comply with University of Jos' research policy guidelines

I guaranteed that the information you will provide on the virtual lab
activities and during interviews will not be disclosed to a third-party
without your consent.

As participant of this research, you will be informed of the research
process and your comments will be attended to, to effect necessary
changes. The final analysed data will be made available for your inputs
on its correctness and interpretation.

The research final report will be submitted to UCT, a copy to University
of Jos, and department of Computer Science. Due to the anticipated size
of the research report a succinct research report will be given to any
participants who requested.

Table 3.2: Code of Ethics (Adopted from Dawson, 2009)

3.6.2 Validity

The validity threats to the conduct and conclusion of the study and the

countermeasures that were taken are described as follows:

Customising the interviews to suite researcher's need as ascertain by

Maxwell (2008:P.243) that “what the interviewee says is always a

function of the interviewer and the interview situation” is a validity

threat to the interview data. This validity threat was control or

minimised by “avoiding leading questions” during the interviews with

the participants and the interviews were conducted under an atmosphere

that participants were free to expressed their feelings and views without

being tell-guided.

Another form of validity threat is researcher's manipulation of the

research set-up especially for this study that involved a virtual lab

environment. A measure to avoid a situation described by Maxwell

(2012:P.139), as “Potemkin village” or act of hiding undesirable truth,
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for the validity of this research work was that the course lecturer is not
the researcher. Respondents’ validation of the analysed data was carried
out to device a way to get feedback from the respondents about the
correctness of their views' representation or presentation. According to
Maxwell (2012:P.126) “this is the single most important way of ruling
out the possibility of misinterpreting the meaning of what participants

say or do...”

3.7 Chapter Summary

The chapter discussed the research design, which was based on
qualitative design and descriptive in nature. The discipline-independent
nature of the design method makes it appropriate for use in this research.
The research participants include one lecturer and six students to enable
access to rich and in-depth data. Thematic data analysis technique was
employed because of its flexibility and guarantee of natural emergence
of themes out of the collected data without being influenced (Clarke &
Braun, 2014; Dawson, 2009. A software tool called Nvivo was used as
the data analysis tool for this research work because of the rich features
it has (Villar, & Papoutsi, 2013; Talanquer, 2014; Smith-Glaviana,
2016). The research theoretical framework, that is, activity theory was
used to view and explain the coded themes.

A matrix of questions, data collection instruments, source of data, and
data analysis method is tabulated in Table 3.1 to indicate their

relationship.
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4 CHAPTER 4: RESEARCH FINDINGS AND RESULTS DISCUSSION
4.1 Introduction to the Chapter

This chapter covered the data presentation of the research work;
visualization of the data; analysis of all the data collected from the
instruments using AT; and the discussion of the results. The results
include the interviews and the contents (chats and forum) generated

from the virtual lab activities.

4.2 Presentation of Data

The data collection process involved six students performing Java
programming tasks or activities in the virtual lab while the course
lecturer scaffold and provide feedbacks to students’ online for a period
of three (3) weeks. The researcher observed (virtually) the students’
activities in the virtual lab; and also conducted follow-up interviews
with each student and the lecturer on their experience with the virtual lab
environment. The data collected using the research instruments are

presented as follow.

4.2.1 Students Interview

Each of the participating students was interviewed separately after
performing their hands-on programming exercises in the virtual lab (as
shown on the screenshots in appendix A). This sequence was followed
to ensure that the participants experienced the virtual lab environment
before the interview, so that their responses should be based on their
programming experience with the virtual lab.
The interviews were recorded in audio format only without video having
obtained respondents’ permission and consent. The recorded interviews

were imported into Nvivo and transcribed. Presented in appendix D are
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snapshots and full text extracts of the transcription from Nvivo

environment. Shown below is part of the transcription.

VIAUET LAY VTR

Studerts Inerview

Sart Time

00:00:07.7

00:02:27.7

o MMM W MM

00:0227.6

00:05:08.1

v VAV AVI AR AWV TM J AV AV AR, &

Soaet b
Transcript

The virtual lab was very casy to access; however there was a setwork
challenge Le. the Internet connection. The virtual lab wid very casy 1o
use, The virtual lab Is a good (dea that enables me to practice program
coding at lelsure time and | actually work om my exercises while on
transit. [t s an opportuaity to put dows ideas ia practice as they come
at aay time and eacourages more practice; and | gada more skdlls on
programming using the virtual lab. | prefer the virtual Iad eavirosssent
to the traditional lab because (n virtual [ab | am at ease unlie the
tenslon attached to the sormal traditional lab ad In virteal kb

environment | express myself becter. | recommenad Improvessent oa
the network quality,

The virtual lab was casy 1o access, however there wi network
problem. The virtual lab was casy aad frieadly to use. It Is good and &t

will help students to practice prograss codisg soce. It ls an
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Transcript
The virtual lab was quite easy to access by typing in my login details

then instantly | was able to access the VPL environment. The virtual
lab is very friendly but | will also like to add that there may be a few
limitations that I notice like not having the full compiler as on desktop.
It is good for testing programs on the move, that is, | could have an idea
that comes to mind I can just type (write the code) and testit, | can do
this any time as long as | have Internet access. Using the virtual lab will
improve my programming skills very well. | definitely preferred the
VPL because of easy accessibility, and issue of having hardware
(computers in a traditional lab) is a problem, while with VPL either
with a phone or any capable device | can have access to a full
programming compiler (environment) that | can find my programs.
Cost-wise the VPL is very cost-effective because we will not have
individual system to serve individual students; students can bring
their systems not necessarily computer systems but their tablets or cell
phones. | will really urge the University and the department to take
this very seriously to go beyond just one programming language (i.e. it

Fig 4.1 Students’ Interview Transcription Snapshot and Extract

4.2.2 Lecturer Interview

The lecturer was also interviewed after conducting the virtual lab
activities with the students.
The interview was semi-structured and recorded in audio format only
without video having obtained the respondent’s permission and consent.
The recorded interview was imported into Nvivo and transcribed. Also,
presented below is a snapshot of the transcription and shown in
Appendix E are snapshots and full text extracts of the transcription from

Nvivo environment.
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Name . Nodes  Refere..  Created On Created B8y  Modified On Nodified By
S Experience with the VPL 1 70 10/1/15,10:21PM J 10/1/15,10:23 PM )
1P Lecwrer Interview 0 0 Today, 11:02 PM J Today, 11:22 PM )
B Students Interview 0 0 9/26/15,11:31PM J Today, 3:21 PM )
D sLectures batervien Ve
o WCMHDH MM Soned 0000.00.00000 39,0001 £0.000.01:33.00002.03.200.32 300043 00 20093 30000 04 28,020 04 30
Start Time nd Time Transcrigt Spaakes
00:00:0L1 00:04:57.8 What can you say about the sccessibility of the virtual lab? Lecturer

The virtual lab s accessble amytime anywhere as koag as you have kogin
detals; with the virtual kab | was able to set Java programming assigaments
for students end check their submissions using ey iPad. How easy was
wsing virtual lab since this is your first time to use it for teaching?
Using the virtual ksb was surprisisgly very simple. | was able to view and
comments on stedents’ lad activities caline even at home. Did the virtual
programming lab eavironment ezable you to manage your practical
classes?

The viral peogrammizg lab environmest is aa ideal lab for contempoeary
program coding teaching and leaming because assisting learners in the
virtual lzb environment is moch easier for a large class compare to normal
Lab. 1 was able 1o antend o ¢ach student in the VPL emviroement. Ako the
virtual leb actvities encourage introverts' studeats to tzlk onlise.

Transcript

What can you say about the accessibility of the virtual lab?

The virtual lab is accessible anytime anywhere as long as you have login
details; with the virtual lab I was able to set Java programming assignments
for students and check their submissions using my iPad. How easy was
using virtual lab since this is your first time to use it for teaching?
Using the virtual lab was surprisingly very simple. I was able to view and
comments on students’ lab activities online even at home. Did the virtual
lab environment enable you to manage your practical classes?

The virtual Jlab environment is an ideal lab for contemporary program
coding teaching and learning because assisting learners in the virtual lab
environment is much easier for a large class compare to normal lab. I was
able to attend to each student in the VPL environment. Also the virtual lab
activities encourage introverts’ students to talk online. Scaffolding students’
lab activities in the virtual lab was lovely because they received instant
feedbacks. With your experience now can you consider the virtual lab
an opportunity to enhance learners' programming skills? I must confess
that the virtual lab experience has shaped my pedagogical thoughts and
approach to teaching programming courses. The virtual lab is very useful
especially for large classes and for teaching computer age students who like
self-pace and independent practice.

Fig 4.2 Lecturer’s Interview Transcription Snapshot and Extract
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4.2.3 Virtual Lab Activities’ Contents Generated
The researcher viewed the virtual lab activities with his access to the
Java programming course on the LMS environment (see a visual
relationship between an LMS and virtual lab in appendices B and C).
The students performed the activities by coding and testing their
programs as shown in the screenshots below before submitting a final

copy of each task.

Java Programming Language

Home * My courses  Miscellaneous » CS202 * Java Applets * Write a simple Java program that create different ...

Description ~ Submissions list ~ Similarity = Test activity

Home
My home Submission ~ Edit  Submission view
Site pages
My profile
File >  Edit > Options »  Fullscreen Run Debug Evaluate Console About
Current course
CS202
Create Applet Console
Participants
1 import java.applet.*;
Badges 2 import java.awt.*;
General 3

public class Shapes extends Applet{
int x=300,y=100,r=50;

Java Strings ;

Data Structure 6 public void paint(Graphics g){
7
8
9

Program Control Flow e i L0}

g.drawOval(x-r,y-r,100,100);
Methods g.drawRect(400,50,200,100);
Java Applets 1o}

1
@ Write a simple Java program !

that create different ...
Description
Submission
Edit
Submission view

Previous submissions list

Submissions list
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Description Submissions list Test activity

Submission Edit Submission view Grade Previous submissions list

File > Edit > Options > Fullscreen Run Debug Evaluate Console

1.java #

B 1- public class WebPing {
2~ public static void main(String[] args) {

3~ try {
B 4 InetAddress addr;
B s Socket sock = new Socket("www.javatutorial.com", 8@);
6 addr = sock.getInetAddress();
7 System.out.println("Connected to " + addr);
8 sock.close();
9~ } catch (java.io.IOException e) {
10 System.out.println("Can't connect to " + args[@]);
11 System.out.println(e);
12 }
13 }
14 }

About

v Compilation

1.java:1 error: class WebPing is public,
should be declared in a file named
WebPing. java
public class WebPing {

A

1.java:4 error: cannot find symbol
InetAddress addr;
A

symbol: class InetAddress
location: class WebPing
1.java:5 error: cannot find symbol
Socket sock = new
Socket("waw. javatutorial.com”, 8@);
A

symbol: class Socket

location: class WebPing
1.java:5 error: cannot find symbol
Socket sock = new

Socket("waw. javatutorial.com”, 8@);
A

symbol: class Socket
location: class WebPing

Fig 4.3: Screenshots of program codes in the virtual lab

The lecturer on the other hand, executes and tests the submissions in

the virtual lab and provides students with feedbacks using forum and

chats that formed the contents. The contents generated include forum

and chats about the virtual lab activities where the students interact

among themselves and with the course lecturer. Presented below are

snapshots of the forum and chats contents (see full snapshots/data

presented in Appendices F and G), details are analysed in sections

4.42.1and4.4.4.2.2
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11:53 Student: The beauty of this virtual lab is that | can use my phone 10 access it and code my programs. Why i it that is only limited to Java
Programming Language’?

11:55: Studentd Studentd has just entered this chat

11:55 Student3; The advantage of this VPL for us students is that at our pace we can immediately code and test ideas as they come to mind
and this way definitely my peogramming skills will improve with constant practice,

11:59: Studentd Studentd has just entered this chat

12:00 Studentd; | am proud to be part of those Imvolve In this VPL exercises, This has Improve my program coding skils In Java. | was able to do
mare other things in the vinual lab apart from the assignments given 10 us. This was possible becuasa | could login to the VPL at my free times
and practice,

12:01 Studentd: We need more of this as students to perfect our programming skills

Fig 4.4: Chats Content Snapshot
My experience with the VPL
by Stcent Student - Monday, 24 August 2015, 1105 pm

The virtual programming tab is a wonderful experience for me; | could imagine running programs onling using my PIPO Android tablet,
| am convineed that by using the VPL, it s possible o teach Computer Science courses fully onine using eLeamng for distance education.

Daing the actvtes in the Virtual Lab was more interesting then the usual physicallab method that is fullof distractions and limited fime
access to the fab for one fo complete his assignments and fest them property before submission.

| recommend that the universty should encourage the use of the VPL for teaching programming courses in the department.

Fig 4.5: Forum Content Snapshot

4.3 Data Analysis
Data analysis is a process that involves developing responses or
answers to questions’ items (in this research context - interview
questions) and also examination of data in form of contents (Clarke, &
Braun, 2014). Common steps in this process include identifying issues,

shedding light on relevant issues (to provide clear understanding of the
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responses and pointing on the data quality), and determining the
availability of suitable data (Clarke, & Braun, 2014).

Often a picture may be worth a thousand words (Mikynen, 2012); thus,
the data collected by each instrument of this research work were
explored, visualized and analysed using the theoretical framework as

follows.

4.3.1 Analysis of Interviews
The research interview was in two parts, that is, the interview with the
lecturer and the interview with the participating students. The interviews
source materials were imported into Nvivo and transcribed. The
transcriptions were later explored and visualised for existence of patterns

that metamorphoses into themes (coded into Nvivo’s nodes for analysis).

4.3.1.1 Students’ Interview
The students’ interviews were transcribed using Nvivo, and the
transcription was queried using Nvivo ‘Text Search’ tool while the
search results were visualized using word trees as presented below with

more in Appendix H.

while on transit, It i an opportunity to put down ideas in s and I gain more skills on programming using the virtual |a
tice program coding more . It is an opportunity ~ / as they come at any time and encourages more practice ; ar
. The virtual lab is a good idea that enables me to praCthC ‘ 7 andisa welcome developmer
endly to use . It is good and it will help students < J’;’/ program COding at leisure time and I actually
1 practice as they come at any time and encourages more / more . It is an opportunity to

Fig 4.6 Visualised Students’ Interview Data
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The statement ‘The virtual lab is a good idea that enable me to
practice program coding at leisure time ..." on the word tree indicates
that the activity community can access and used the artifacts to
practice programming at their leisure time; thereby engaging the
learners into performing actions on the activity’s object using the
artifacts. This shows that the virtual lab activity system do not have
defined timeframe or access restriction to the lab as common with
physical  labs, and it also  promotes  self-practice.

ave more time for hands- on programming
alot of things on my own apartfrom the exercises given ; and this really
.anywhere that a choose touse it 4 _
0 praCthC ™ program coding . Using the virtualIab was easy for me to writeprogramms
. Using the virtual lab enable me \
 programming . Using the virtual Lab i s easy as using Facebook . There v
ch time [ want to use it to do my exercises or 7

Fig 4.7 Visualised Students’ Interview Data

Also, the statement ‘Using the virtual lab enable me to practice a lot
of things on my own apart from the exercise given ..." on the above
word tree shows that the socio-cultural changed of the artifact
mediates the subjects’ actions on the activity object. That is, the
change from physical lab to virtual lab environment helps students to
do more hands-on programming activities; which can enhance their
programming knowledge and skills.

The activity system subjects’ (students) interviews data was coded

into the following major themes for easy filtering, grouping, and
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interpretation of the subjects’ views and experiences using the
artifacts to perform actions on the activity object.
Programming Practice

This theme’s node contains eight (8) sources as displayed on the

snapshots below.

The virtual 1ab is a good idea that enables me to practice program coding at leisure time and
I actually work on my exercises while on transit.

It is an opportunity to put down ideas in practice as they come at any time and encourages
more practice,

It is good and it will help students to practice program coding more.

It is an opportunity to practice program coding and is a welcome development.

It is good for testing programs on the move, that is, I could have an idea that comes to mind

I can just type (write the code) and test it, I can do this any time as long as I have Internet
access.

The virtual lab is quite valuable for leaming programming as students. It is a good

technology for practicing Java programming because students can access it any time they
want to do program coding as they wish.

It is quite user-friendly and nice for program coding.

Using the virtual lab encourage students to spend more time practicing programming at
their leisure time.

Fig 4.8 Programming Practice Theme Elements (Students Interview)

The first five sources (e.g. “...enables me to practice program coding
at leisure time and I actually work on my exercises while on transit’,
“...It is an opportunity to put down ideas in practice as they come at

any time and encourages more practice...’) indicated that the virtual
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lab provides students with opportunity and enabling environment to
practice programming. This shows that unlike the physical lab with
constraints of limited access time and inadequate computers for the
learners; the virtual lab provides students with environment for hands-
on programming practice.

The subjects accessed the virtual lab using their devices (private
computers and mobile devices) from home, hostels, and at hotspots.
This was possible with the virtual lab because the activity system
rules and regulations (e.g. access the virtual lab with login details,
access the virtual lab anywhere with network connection) enable the
subjects’ participation within the activity system community. These
rules also provide procedures for acceptable interactions among the
community members (Leonardo, & Manning, 2017). Therefore, this
aligned with the activity theory-based framework in fig 2.7 and the
corresponding activity system shown in fig 2.8.

As mentioned in table 3.1, this interviews result answered the first
research subsidiary question ( ‘What is the objective of the virtual lab
programming?’), that is, the objective of the virtual lab is to provide
students with a lab environment to practice programming. Therefore,
students can leverage on the access affordances of the virtual lab to
practice programming as maintained by Lewis, (2014).

Also, the three last sources (e.g. ‘...is quite valuable for learning
programming as students’, ‘it is quite user-friendly and nice for
program coding.” ‘... a good technology for practicing Java
programming...’) revealed that the virtual lab is a valuable mediating

tool, an enabler for learning and practicing programming.

59



Viewing this with AT lens, the subjects (the lecturer and students)
performed actions on the activity many times using artifacts (with
mediation function), and the object (Java programming) is being
transformed several times into a stable finished product or outcome
(programming skills acquired). This finding shows that the virtual lab
provide an alternative lab environment for students programming
practice, this agreed with (Bose, 2013; Pellas, et al, 2017) that the
virtual lab has rich educational features for teaching and learning
practical concepts.
Practical Programming Skills
The node of this theme contained five (5) sources as shown below

on the node’s snapshots.

I gain more skills on programming using the virtual lab.

Using the virtual lab will improve my programming skills very well.

Obviously the use of the virtual lab promote my Java programming skills.

Using the virtual lab enable me to practice a lot of things on my own apart from the
exercises given; and this really improved my programming skills.

Since more time is spend practicing programming in the virtual lab, more skills are also
acquired at the end by students; and this make us better future programmers.

Figure 4.9 Practical Programming Skills Theme Elements (Students Interview)

All the five sources in this node indicated that use of the virtual
lab promote and enhance students’ practical programming skills (e.g.

‘I gain more skills on programming using the virtual lab’, ‘Using the
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virtual lab will improve my programming skills very well’). The
virtual lab enables students to spend more time practicing program
coding on their own (e.g. ‘using the virtual lab enable me to practice
a lot of things on my own...”). As noted in the last source (e.g. ‘...and
this make us better future programmers’), is it and illustration that use
of virtual lab can mediate students programming skills acquisition.
Learning can occur through subjects’ (participants) collective
activities in the virtual lab that is performed around the object (i.e.
Java programming) of the activity system (Leonardo, & Manning,
2017).
Also, the activity outcome is the result or consequences faced by the
subject(s) based on their actions driven by the activity object, which
could motivate, encourage or discourage the subjects from
participating in future activities (Bravo Olavarria, 2013). Thus, from
the source statement: ‘... virtual lab enables me to practice a lot of
things on my own... it shows that the outcome or consequences of
the subjects’ actions driven by the object is encouraging since the
participants can practice more on their own. This findings shows that
use of virtual lab can enhance students’ practical programming skills,
this concurred with Mahajan, Kulkarni, & Diwakar, (2016) findings.
Pedagogical Change

This theme’s node contained two (2) sources as shown below.
It is good for testing programs on the move, that is, I could have an idea that comes to mind
I can just type (write the code) and test it, I can do this any time as long as I have Internet
access.
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Using the virtual lab for our exercises open my eyes to a new way of practicing
programming

Figure 4.10 Pedagogical Change Theme Elements (Students Interview)

From the sources in this theme’s node, it shows that the
pedagogical learning approach of the students changed (e.g. ... ‘open
my eyes to new way of practicing programming’) as they experiment
with the virtual lab to practice Java programming. The virtual lab
provides the students with independent environment to learn program
coding at their own pace, as expressed in respondent’s statement:
(“...good for testing programs on the move...’). Hence, this result
shows that the virtual lab promotes student-centred learning approach
in conducting practical programming classes; and this answered the
third subsidiary research question (i.e. ‘What are the teaching and
learning practices evident in the virtual lab?”)

According to Leontiev, the object (Java programming) is key in
directing the activity (hands-on Java programming), while the
subjects’ actions (program coding, testing, debugging) changed the
activity system’s object in reaction or response to motives within the
activity system (Engestrom, 2017b; Bravo Olavarria, 2013). These
subjects’ actions on the object (Java programming) can transform the
motives into outcomes as shown on fig 2.8 in section 2.5. From the
data (e.g. ‘... open my eyes to new way of practicing programming’)
in fig 4.10, it can be observed that the virtual lab activities also

changed the participants’ pedagogical approach on hands-on
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programming as asserted by (Encalada, & Sequera, (2017; Dunn,
(2017).
Scaffolding
This theme’s node contains two (2) sources as displayed on the
snapshots below.

Using the virtual lab for our exercises open my eyes to a new way of practicing
programming and the instant feedback from the lecturer help me to correct my mistakes.

It was very clear that using the virtual lab for our practical classes, we were able to gets our
lecturer attention more

Figure 4.11 Scaffolding Theme Elements (Students Interview)

The two sources shows that the virtual lab present a seamless
environment for the educator or lecturer to scaffold on the students’
hands-on Java programming learning process by providing the
students with instant feedback on their programming exercises (e.g.
‘...the instant feedback from the lecturer help me to correct my
mistakes’). The activity system rules enable the subjects (lecturer and
students) to interact and communicate as members of the activity
community, each participating based on the division of labour using
artifacts (with meditation function). These interactions and
communications enable the lecturer to scaffold the students’ activities
and provide them with feedbacks; hence, this aligned with the
analytical framework on fig. 2.7 in section 2.5.

Working in the virtual lab unlike the traditional physical lab, the
lecturer can either synchronously or asynchronously guide and coach
each student (e.g. ‘... we were able to gets our lecturer attention

more..."); and this can encourage the students to do more.

63



Also, from the context of CHAT, artifacts are described as cultural
tools with meditational function, which can be determine based on
local and historical position or context that help participants of an
activity system to carry out an activity (Bozalek et al., 2015; Bravo
Olavarria, 2013; Leonardo, & Manning, 2017). This result shows that
the virtual lab is a cultural tool that helps participant (lecturer) to carry
out an activity of guiding and coaching students either synchronously
or asynchronously, this concurred with Farooq, & Khlad, (2013);
Hovardas, Xenofontos, & Zacharia, (2017).

Student Engagement

The ‘student engagement’ theme’s node contains three (3) sources

as displayed on the snapshots below.

The virtual lab is a good idea that enables me to practice program coding at leisure time and
I actually work on my exercises while on transit.

Using the virtual lab enable me to practice a lot of things on my own apart from the
exercises given; and this really improved my programming skills.

The virtual 1ab is very interesting because I can use it to learn programming on my own.

Figure 4.12 Student Engagement Theme Elements (Students Interview)

These three sources indicated that the virtual lab engages students
into self-paced program coding practice (e.g. “...I can use it to learn
programming on my own...,, ‘... enable me to practice program
coding at leisure time...”). Thus, it is observed that the learners get
engaged with hands-on programming learning process through self-

motivation and determination. On the other hand, using the virtual lab
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for hands-on programming practice stimulates self-motivation and
determination in students.

The activity outcome encourages the subjects (students) to
participate in further activities (Bravo Olavarria, 2013). Therefore, the
self-motivation and determination of the subjects to practice and
engaged with hands-on programming was enhanced by the activity
outcome. The finding here shows that using virtual lab for hands-on
programming teaching and learning engages the learners into self-
practice, which can mediates their programming skills acquisition.

Virtual Lab Accessibility
This theme’s node contains seven (7) sources as displayed on the

snapshots below.

The virtual lab was very easy to access; however there was a network challenge i.e. the
Internet connection.

The virtual lab was easy to access, however there was network problem.

The virtual lab was quite casy to access by typing in my login details then instantly I was
able to access the VPL environment.

Accessing the virtual lab for my Java programming activitics was very easy because
connecting to the virtual lab was achieve even with my mobile device.

I was able to access the virtual lab easily each time I want to use it to do my exercises or
practice program coding.

The virtual programming lab was accessible all the time and anywhere that a choose to use
it to practice programming.

I prayed that may the department allow us to continue to use this virtual programming lab
for all our programming courses so that we can have more time for hands-on programming
practice.
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Figure 4.13 Virtual Lab Accessibility Theme Elements (Students Interview)

The first three sources (e.g. “The virtual lab was very easy to
access...’, ‘The virtual lab was easy to access...’, ‘The virtual lab was
quite easy to access...’) all indicated that the virtual lab was
accessible as long as one has permission or login details. It is
observed that this could be the motivating factor that stimulates the
students to practice hands-on programming. However, the first and
second sources also showed that the students encountered Internet
connection problem, but they were not discouraged.

The fourth, fifth and sixth sources also indicated that the virtual lab
was accessible even with their mobile devices to practice program
coding or to do their hands-on programming assignments. The
seventh source shows that using virtual lab implies easy access to lab,
and more time for students to undertake hands-on programming
practice. Examining these using AT lens, it shows that the artifact
(virtual lab) mediates the subjects’ access to a lab environment to
carry out hands-on programming activities. This finding shows that
the meditational function of the virtual lab enables the students to
access lab environment using their private devices remotely and at
their own pace (Lewis, 2014). Thus, the virtual lab as an artifact
mediates the challenge of policy against BYOT.

Virtual Lab Recommendation

This theme’s node contains four (4) sources as shown on the

snapshots below.

I preferred and recommend the virtual lab because it can be access anywhere anytime
compare to the traditional lab where every student has to come to the lab.
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I will like the department 1o make sure all our lecturers use the virtual programming lab o
teach all our courses. And the university should help the department to achieve this.

I will really urge the University and the department to take this very seriously to go beyond
just one programming language (i.e. it should not be limited to only Java programming
language) to cover all the programming languages they are teaching in the computer
science and that will be the major advantage.

It was very clear that using the virtual lab for our practical classes, we were able to gets our
lecturer attention more, so I recommend the adoption of this important concept.

Figure 4.14 Virtual Lab Recommendation Theme Elements (Students Interview)

The first source of this theme (e.g. ‘I preferred and recommend the
virtual lab because it can be access anywhere anytime ...°)
recommended the use of the virtual lab because of its accessibility
affordance in terms of time and place of access. This shows that the
recommendation is influenced by the activity system artifact (virtual
lab) ability to mediate the problem of computer lab access and the
resistance to BYOT policy. In the second, third, and fourth sources
(e.g. ‘I will like the department to make sure all our lecturers use the
virtual programming lab to teach all our courses’, ‘I will really urge
the university and the department to take this very seriously to go
beyond just one programming language’, ‘... I recommend the
adoption of this important concept’), the students recommended the
use of virtual lab to the entire university and the Computer Science
department for all the lecturers to embrace and adopt it use in teaching

all programming languages offered in the department.
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This shows that the result of the actions performed by the activity
system community on the activity object transformed the subjects’
(students) pedagogical thought to learning practical programming.
Also, the activity system outcome encourages the subjects to
participate in future activities (Bravo Olavarria, 2013) using the
virtual lab. Hence, they recommend the activity system for all
programming courses. Therefore, this result demonstrated that the
virtual lab intervention in Java programming language practical
classes was actually worthwhile and a welcome development.

Virtual Lab Usability
This theme’s node contains five (5) sources as shown on the

snapshots below.

The virtual lab was very easy to use.

The virtual lab was easy and friendly to use.

Using the virtual lab was amazingly casy to use; at the begging I thought it would be
difficult to us.

Using the virtual lab was easy for me to write programs and test them.

Using the virtual lab is as casy as using Facebook. There was no difference writing and
running programs inside the virtual lab and doing same in our usual computer lab

Fig 4.15 Virtual Lab Usability Theme Elements (Students Interview)

All the five sources in this theme showed that the virtual lab as a
tool is quite friendly and easy to use even as a ‘first-timer’. It is also
evident that there was a fear or concern among the participating

students on how to use the virtual lab to conduct practical
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programming activities. But after using the virtual lab, the anxiety

(3

changed as indicated by the statement the virtual lab was
amazingly easy to use...’ in fig 4.15. In the context of CHAT, the
activity system rules guide and direct subjects’ participation and
actions within the activity system community when performing the
activity to realized or achieved the object (Bravo Olavarria, 2013;
Leonardo, & Manning, 2017). Therefore, the rules of the activity
system enhanced the subjects’ participation and actions within the
community, making it easy to participate and act based on the division
of labour in the activity system.

The last source remarkably shows that the students find the use of
virtual lab for practical classes to be ‘learning in their context’ i.e.
“using the virtual lab is as easy as using facebook”.

CHAT theorists maintained that social participation and interaction
in an activity could be changed dynamically when the social and
cultural conditions changed (Wilson, 2014; Bravo Olavarria, 2013).
Therefore, the statement ‘Using the virtual lab is as easy as using
Facebook’ in fig 4.15 indicates that the subjects’ (students)
participation in the hands-on programming activity changed when the
social and cultural conditions change (i.e. lab tools change to virtual
lab) in favour of their context. This finding shows that the virtual lab
is usable for hands-on programming practice and user-friendly.

Virtual Lab Usefulness
The ‘virtual lab usefulness’ theme’s node contains three (3) sources

as shown on the snapshots below.
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Use of the virtual lab is a good development for us students because we don't need 10
assemble ourselves in a computer lab with few computers that cannot even go round all
students.

Using the virtual lab will also save cost for the university in buying expensive computers to
equip labs.

The virtual lab is good for our large classes because we students can work independently in
the virtual lab without queuing for computers to use.

Fig 4.16 Virtual Lab Usefulness Theme Elements (Students Interview)

The first and third sources show that the virtual lab 1s useful for

conducting practical programming lessons in a large class size; and in

the context of Computer Science department of UniJos where there

are limited number of computers in the lab for all students to use

concurrently. The second source illustrates the cost-saving usefulness

of the virtual lab in an institution like UniJos where budget line or

purchasing power is not adequate to get all required computers and

related accessories in a physical lab for hands-on practical

programming purposes.

These implied that, the artifact (virtual lab) apart from mediating

the computer lab access and BYOT policy challenges, it can also

mediates and mitigate the problem of limited number of computers in

physical lab as indicated by the statements ‘The virtual lab is good for

our large classes because we students can work independently in the

virtual lab without queuing for computers to use.’ and ‘Using the

virtual lab will also save cost for the university in buying expensive

computers to equip labs’ in fig 4.16 above. This finding demonstrated

that the virtual lab could be useful for practical programming classes
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with large students size and also in a situation where there are limited
computer facilities in traditional lab. This agreed with Hovardas,
Xenofontos, & Zacharia, (2017) statement that virtual lab enables
many students to interact with it at the same time without any impact
on its performance and functionality.
Virtual Lab Compare to Traditional Lab

This theme’s node contains five (5) sources as shown on the

snapshots below.

I prefer the virtual lab environment to the traditional lab because in virtual lab I am at case
unlike the tension attached to the normal traditional lab and in virtual lab environment I
express myself better.

T T wm e Y w—e e Pw W v W w—ay

I preferred and recommend the virtual lab because it can be access anywhere anytime
compare to the traditional lab where every student has to come to the lab.

I definitely preferred the VPL because of easy accessibility, and issue of having hardware
(computers in a traditional lab) is a problem, while with VPL e¢ither with a phone or any
capable device I can have access to a full programming compiler (environment) that I can

find my programs.

Cost-wise the VPL is very cost-effective because we will not have individual system to
serve individual students; students can bring their systems not necessarily computer
systems but their tablets or cell phones.

The virtual programming lab is far far better than our computer lab because not all students
will get a computer in our lab to use at the same time but virtual lab can be access by many
students at the same time.

Fig 4.17 Virtual Lab Compare to Traditional Lab Theme Elements (Students

Interview)

The virtual lab is preferred to traditional lab in the first source
because it does allow quiet students to expressed themselves virtually
and work without tension or nervousness. This shows that the

interactions and communications between the activity system
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community members in the virtual lab enable students to expressed
themselves while participating and performing their actions following
the community division of labour as indicated by the statement “... in
virtual lab environment I express myself better.” The second source
indicates that the virtual lab is preferred to traditional lab because of
its accessibility.

The third and fourth sources showed students’ preference for virtual
lab over traditional lab because of affordances of the virtual lab in
terms of cost and its affordance to be accessed using mobile devices.
Similarly, as indicated in the last source, the virtual lab can enable
many students to access and use it at the same time unlike physical lab
where students have to queue for computers to use for their hands-on
practical activities.

The statements: ‘I definitely preferred the VPL because of easy
accessibility ...°, ‘While with VPL either with a phone or any capable

)

device I can have access to a full programming compiler ...", and *
but virtual lab can be access by many students at the same time.’ in
fig 4.17 are indications that the activity system artifacts (virtual lab,
mobile devices) have the mediation function to mediates access to lab
environment and the challenge of limited number of computers in a
physical lab. This finding shows that the students preferred the virtual
lab to traditional or physical lab because virtual lab is accessible
remotely, compatible with mobiles devices, and interactive.

VL Perception

This theme’s node contains eight (8) sources as shown on the

snapshots below.
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The virtual lab is a good idea that enables me to practice program coding at leisure time
It is an opportunity to practice program coding and is a welcome development.

It is quite user-friendly and nice for program coding.

The virtual lab is very friendly but I will also like to add that there may be a few limitations
that I notice like not having the full compiler as on desktop.

The virtual lab experience was a wonderful one that I wish to use the virtual lab for all my
programming courses in the department.

The expericnce was a nice one. Each time I use the virtual lab, I feel as if the lab is on my
laptop not being remote.

The virtual lab is very interesting because I can use it to learn programming on my own.

If we can use the virtual lab throughout to our final year, I am very sure all of us will be
gurus in programming because our lecturers will find it easy to advice and guide us in the
virtual lab.

Fig 4.18 VL Perception Theme Elements (Students Interview)

In the first four and the last sources, the virtual lab was perceived as

interesting, user-friendly, a good idea and a welcome development that

provides opportunity to practice program coding at leisure. The fifth

and sixth sources show how the students assessed the virtual lab

experience as wonderful and nice because using it was seamless. The

perception of the virtual lab in the seventh source deduced that using

the wvirtual lab environment for hands-on practical programming

classes can give the lecturers better opportunity to scaffold on the

students’ practical programming learning process; and hence, nurture

the students to be skilled programmers.
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From socio-cultural perspectives of Vygotsky, Leontiev, and
Engestron, humans learn by doing, act collectively and communicate
through their actions; they create, use and adopt relevant tools in the
process (Wilson, 2014; Taylor, 2014; Behrend, 2014). Therefore,
these perceptions of the artifact (virtual lab) by the students could be
because of their ability to learn by doing, communicates through their
actions, and wishes to adopt the tool (virtual lab), as evident in fig
4.18 1.e. ‘It is quite user-friendly and nice for program coding.’ ‘The
virtual lab experience was a wonderful one ... I wish to use the virtual
lab for all my programming courses ... . Hence, the findings revealed
students’ positive perception of the virtual lab for hands-on practical

programming practice.

4.3.1.2 Lecturer’s Interview
The lecturer’s interview was transcribed using Nvivo, and the
transcription was queried using Nvivo ‘Text Search’ while the search

results were visualized using word trees as presented below with more in

Appendix .
use we cannot be able to conduct ~ assignments for students and check their submissions using my iPad .
2~ all
d for our department in teaching < \ ~ . The virtual lab is very useful especially for large class

) ,~ COUISES \

Is; with the virtual lab I was able to set Java ™ because we cannot be able to conduct all programmir

igogical thoughts and approach to teaching \ L ~ isan opportunity to explore delivering computer science a
/ programming 1,
:\\\‘

ill definitely enhance our students ’ practical = //

\\\ ’ . . L

* tomy head of department ( HOD ) for implementation . "
/ \ \
smmend the full usage of = /| \ "\ practicalsin our small hysical computer lab that have few systems . -

8 /| \ P phy p )
>~ The virtual 7 | \

(ducting their practicals. = " -
g their practicals \ ./

~ skills <

Fig 4.19 Visualised Lecturer’s Interview Data
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The highlighted texts i.e. ‘... with the virtual lab I was able to set Java
programming assignments for students and check their submissions
using my iPad’ shows that the subject (lecturer) uses the activity system

artifacts (iPad, virtual lab) to mediates learners’ acquisition of scientific

knowledge (Java programming).

Summary  Reference [ [ s

Context (words) 11 e ey
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/
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Fig 4.20 Visualised Lecturer’s Interview Data

The above highlighted text i.e. ‘... I will recommend the full usage of

the virtual programming lab to my head of department (HOD) for

implementation ..." revealed that the artifact (virtual lab) have the

affordances to mediate learners’ hands-on programming skills.

The transcribed lecturer’s interview was also coded into themes for
easy grouping, filtering, and interpretation of the lecturer’s views and
experiences with the virtual lab programming activities. Each of the

themes are represented and interpreted as follows:

Scaffolding
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This theme’s node contains four (4) coded sources from the lecturer’s

interview transcription as shown on the snapshots below.

with the virtual lab I was able to set Java programming assignments for students and check
their submissions using my iPad.

I was able to view and comments on students’ lab activities online even at home.

I was able to attend to cach student in the VPL environment,

Scaffolding students”’ lab activities in the virtual lab was lovely because they received
instant feedbacks.

Fig 4.21 Scaffolding Theme Elements (Lecturer Interview)

The first and second sources show that the lecturer was able to access
the virtual lab using his 1Pad to assigned tasks and scaffolds on the
students’ Java practical programming activities by making comments
and perusing their lab activities online even at home. This is evident in
fig 4.21 as indicated by the statements: ‘... I was able to set Java
programming assignments for students and check their submissions
using my iPad’, ‘I was able to view and comments on students’ lab
activities online even at home.’

The educator’s experience with the virtual lab as shared in the third
and fourth sources is an affirmation that the virtual lab environment
encourages and promotes instant feedbacks on learners’ activities. Also,
the virtual lab provides a convenient platform to attend to students with
their practical programming tasks. This aligned with the analytical

framework on fig 2.7 in section 2.5.
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There exist a division of labour in the activity system community, in
which each subject (e.g. lecturer — assign and scaffolds tasks) or subjects
(e.g. students — perform tasks) have particular actions to be perform on
the activity (Bozalek et al.,, 2015; Leonardo, & Manning, 2017) as
shown in the respondent’s statement: ‘7 was able to attend to each
student in the VPL environment’. Therefore, this finding shows that the
hands-on programming activity system division of labour enables the
students to carry out programming tasks while the lecturer played his
role as educator using the virtual lab as a mediating tool. Hence, the
virtual lab environment enables the lecturer to mediate on the students’
hands-on programming learning processes as illustrated on fig 2.8 in
section 2.5.

Class Management

This theme’s node contains two (2) sources as shown on the snapshots
below.

The virtual programming lab environment is an ideal lab for contemporary program coding

teaching and learning because assisting learners in the virtual lab environment is much
casier for a large class compare to normal lab.

The virtual lab is very useful especially for large classes and for teaching computer age
students who like self-pace and independent practice.

Fig 4.22 Class Management Theme Elements (Lecturer Interview)

The first source of this theme revealed that it was easy to managed
students’ activities in the virtual lab. Thus, using the virtual lab as a
programming lab artifact, its enable the educator to played his role of
class management online. This help the lecturer to mediates on the

students’ hands-on programming learning processes. It also shows that
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the virtual lab could be a good option or alternative to handle large class

size practical sessions as expressed by the subject in the statement:
assisting learners in the virtual lab environment is much easier for a
large class ..."

Similarly, the second source shows how useful is the virtual lab for
conducting hands-on programming activities with large class size, that
is, ‘... virtual lab is very useful especially for large classes ..." This also
indicates that the virtual lab have features that could enhance managing
and teaching hands-on programming in contemporary learners’ context.
From AT theorist’s perspective, the tools are social, cultural-historic
material resources or artifacts that the subjects used to achieved the
object (Wilson, 2014). Therefore, this finding revealed that the virtual
lab is a social, cultural-historic resource that the lecturer could used to
conduct and managed students’ hands-on programming sessions.

Pedagogical Change

The ‘pedagogical change’ theme’s node contains three (3) sources as

shown on the node snapshots below.

I must confess that the virtual lab experience has shaped my pedagogical thoughts and
approach to teaching programming courses.

The virtual lab is very useful especially for large classes and for teaching computer age
students who like self-pace and independent practice.

The virtual programming lab is an opportunity to explore delivering computer science as a
distance-learning program me in the department

Fig 4.23 Pedagogical Change Theme Elements (Lecturer Interview)

The first source shows that the lecturer’s experience with the virtual

lab programming activity system have changed his approach towards
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teaching programming courses. This could possibly influence him to
adopt the virtual lab for teaching his programming courses. The second
source indicates that the lecturer viewed the virtual lab as a tool that
could promote and support students’ self-pace and independent
programming practices. The third source shows that the virtual lab could
be use to support delivering computer science courses as distance-
learning programme. Thus, the virtual lab provides the opportunity to
handle practical programming sessions online for eLearning
programming courses.

The subject’s motives for participating in the activity were
contradictions or tensions in the activity system (Engestrom, 2017b;
Bravo Olavarria, 2013), which could make the activity system unstable.
But when the subjects’ actions changed or transformed the activity
system’s object in reaction or response to these contradictions or
tensions, the motives also changed making the activity system stable.
This is in line with the activity theory-based analytical framework
shown in fig 2.7 and the activity system illustrated in fig 2.8.

Therefore, the lecturer’s statement: ‘I must confess that the virtual lab
experience has shaped my pedagogical thoughts and approach to
teaching programming courses’ was due to the transformation of the
activity system object. Hence, CHAT can help a researcher to
understand, analyse and explain the relationship between participants’
thoughts, feelings and the activity they are doing using cultural resources
or artifacts (Wilson, 2014; Bozalek et al., 2015). This finding illustrates
that the educator’s experience with the virtual lab environment for

conducting practical programming sessions has changed his pedagogical
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thoughts and approach on how to conduct practical programming
classes.
Virtual Lab Recommendation
This theme’s node contains three (3) sources as shown on the

snapshots below.

The virtual lab is the way forward for our department in teaching all programming courses
because we cannot be able to conduct all programming practicals in our small physical
computer lab that have few systems.

I will recommend the full usage of the virtual programming lab to my head of department
(HOD) for implementation.

The virtual lab could also be use by other science department for conducting their
practicals.

Fig 4.24 Virtual Lab Recommendation Theme Elements (Lecturer Interview)

In the first and second sources, the educator recommends the
implementation and full usage of virtual lab environment as alternative
way forward for conducting all hands-on programming activities in the
computer science department. These recommendations aligned with the
first research benefit stated in section 1.5 above i.e. ‘to provide
alternative computer lab engagement’. Similarly, in the last source, the
virtual lab is recommended for all science departments to enhance their
practical classes.

Analysing this using AT, it shows that the artifact (virtual lab) have
the mediation function to mediates the problems of limited number of
computers in the physical lab and the BYOT policy. This is shown in the

¢

respondent’s statement: ‘... virtual lab is the way forward for our

department in teaching all programming courses because we cannot be
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able to conduct all programming practical in our small physical
computer lab that have few systems’ (see the snapshots in fig 4.24).
Also, the virtual lab could be explored for other practical activity
systems; apart from the programming activity system in UniJos as stated
by the lecturer ‘... virtual lab could also be use by other science
departments for conducting their practical’. Hence, the findings here
underpinned use of virtual lab as alternative to physical lab for
programming classes and other science related practical activities in the

University.

4.3.2 Analysis of the Activity System Contents Generated
The interactions of the activity community members within the
activity system generated contents in form of chats and forum. These
contents were explored, visualized, coded into themes and each were

analysed as follows.

4.3.2.1 Chats Content
The chats content was queried using Nvivo ‘Text Search’ and the

search results were visualized as shown below (see more in Appendix

those involve in this VPL exercises . This has improve my program coding —, 12:03:¢
lent5 : Using this , we the students will have more practical experience and —2X\_ s] ‘lls ~_—— Continue

‘We need more of this as students to perfect our in Java . 1

programming
s they come to mind and this way definitely my ~~ will imprc

Fig 4.25 Visualised Activity System Chats Content
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The text highlighted: ‘We need more of this as students to perfect
our programming skills ..." in the above word tree shows that the
subjects’ actions on the activity object within the community, guided by
the activity system rules resulted into encouragement for hands-on
programming practice. Such encouragement when sustained, it could

help mediate learners’ acquisition of programming skills.

1 write our exams using b , apart from the assignments given to us . This was possible becuase I cot
> the ~
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\\\ . . . .
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hat 11: 46 Student] : ~ N . that I can use my phone to access it and code my programs .’
virtual ~ lab

JYOMOte use =,
\ \ .
>~ of — this

™ to answered program coding questions as part of our Compter Based T

The beauty

Fig 4.26 Visualised Activity System Chats Content

The respondent’s statement: ‘The beauty of this virtual lab is that |
can use my phone to access it and code my programs ...  in this second
word tree indicates that the virtual lab can be access using mobile phone,
which students have high affinity to its use. Hence this could also be a
motivation to encourage students into practicing programming at their
pace.

The chats content was coded into the following major themes, which
enhanced filtering, categorization, and analysis of respondents’ views
and experiences with the virtual lab programming activities.

Interest in Using VL
This theme’s node contained four (4) sources as shown below.

This virtual lab is very interesting.

I'love if the department could fully implement it,
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he beauty of this virtual lab is that I can use my phone to access it and code my programs.

Why is it that is only limited to Java Programming Language?

Fig 4.27 Interest in Using VL, Theme Elements (Chats Content)

The first source shows how the respondent was interested in using the
virtual lab environment for hands-on programming practice. In the
second source, the respondent wishes for continuous use of the virtual
lab. This is an indication of interest for the use of virtual lab after
exploring it with practical programming activities. Also, the interest
expressed in the forth source imply that the participant is willing to use
the virtual lab for all their programming courses in the department.

It is cleared from the third source of this theme that the participant is
interested in using the virtual lab for their programming activities
because its gives them the opportunity to access the lab, do their
assignments and practice program coding using their mobile devices. As
outline on the analytical framework in fig 2.7, the tools enable the
participants to performed tasks.

As earlier analysed under the interviews in sections 4.3.1.1 and
4.3.1.2, the outcome of the activity system, which is the consequences
faced by the subjects based on their actions driven by the activity object,
have encouraged the subjects to be interested and wishes to participate in
future programming activities using the virtual lab (Bravo Olavarria,
2013). This is evident in the respondents’ statements: ‘This virtual lab is
very interesting’; ‘... beauty of this virtual lab is that I can use my phone
to access it and code my programs.” ‘Why is it that is limited to only

Java Programming Language?’ This finding shows that the respondents
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were interested in the activity system using virtual lab as programming
lab environment.

Programming Practice
The ‘programming practice’ theme contains four (4) sources as shown in

the node snapshots below.

I can freely practice my Java Programming instead of the noisy computer lab practicals

beacuse its make life easy to learn programming. At least I can test my program codes,
debug them many times repeatedly

The advantage of this VPL for us students is that at our pace we can immediately code and
test ideas as they come to mind

I was able to do more other things in the virtual lab apart from the assignments given to us.
This was possible becuase I could login to the VPL at my free times and practice.

Fig 4.28 Programming Practice Theme Elements (Chats Content)

The first source shows that the learners can practice Java
programming freely using the virtual lab without interruption by other
students unlike in the traditional computer lab. The second source
indicated that the students were able to practice programming using the
virtual lab to code, test, and debug their program codes errors. Thus, the
virtual lab served as an artifact in the programming activity system to
mediate students’ programming practice as illustrated in fig 2.8.

The third source revealed that the virtual lab offered students the
opportunity to write and test their Java programming ideas at their own
pace. Thus, the virtual lab environment encourages self-practice
programming among the students. The fourth source also shows that the

virtual lab enables students to practice Java programming at their free
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time on their own. Also, this is an indication that the virtual lab (artifact)
environment supports and enhances programming practice of the
participants (students).

Therefore, this shows that the virtual lab is a cultural tool that the
subjects used to performed actions on the activity object (Java
programming) in the activity system (Taylor, 2014; Behrend, 2014) as
indicated by the respondents’ statements: ‘I can freely practice my Java
programming ..."; ‘... its make life easy to learn programming.’ ‘... [
can test my program codes, debug them many times repeatedly’; *... at
our pace we can immediately code and test ideas as they come to mind’;
‘... I could login to the VPL at my free times and practice’ (see fig 4.28
snapshots). Hence, the findings here show that the virtual lab mediates
students’ practical Java programming practice.

Programming Skills Acquisition
The ‘programming skills acquisition’ theme contains four (4) different
sources as shown in the node snapshots below.
The advantage of this VPL for us students is that at our pace we can immediately code and

test ideas as they come to mind and this way definitely my programming skills will improve
with constant practice.

This has improve my program coding skills in Java. I was able to do more other things in
the virtual lab apart from the assignments given to us.

We need more of this as students to perfect our programming skills

12:05 Student5: Using this, we the students will have more practical experience and skills

Fig 4.29 Programming Skills Acquisition Theme Elements (Chats Content)

85



The first source shows that the students viewed the virtual lab as an
advantage for them to practice their programming skills. That is, the
virtual lab Java programming activity system provides the participating
students with opportunity to test and perfect their hands-on
programming ability that can mediates their programming skills
acquisition as shown in the respondent’s statement: ... definitely my
programming skills will improve with constant practice’. The second
source shows how the learner claimed improvement on program coding
skills while using the virtual lab environment for their assignments and
other programming activities. This can be observed in the respondent’s
statement: ‘This has improve my program coding skills in Java.” Thus,
the virtual lab can mediate students programming skills acquisition if the
students appropriately use it.

The third source indicates that the students demand for more
engagement with the virtual lab programming activities, and they
believed that it would help perfect their programming skills. Similarly,
the fourth source indicates that by using the virtual lab, the respondents
(students) hoped it would enhance their practical programming
experience and skills. Therefore, it can be observed that if students are
well engaged with the virtual lab programming activities, it could
mediate their practical programming experience and skills acquisition.

In line with Vygotsky’s concept of mediated action, the subjects
(students and lecturer) in the activity system (i.e. hands-on Java
programming) are motivated towards attaining or achieving a purpose or
object of the activity while using artifact (virtual lab) (Wilson, 2014;
Bozalek et al., 2015, Engestrom, 2017a). This motivation towards

achieving the activity purpose, can stimulates the students to get
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engaged with the hands-on programming activities, which in turn
mediates their programming skills acquisition as evident in fig 4.29 by
the respondents’ statements: ‘We need more of this as students to perfect
our programming skills’; ‘... we the students will have more practical
experience and skills’. The finding shows that use of virtual lab
environment for practical programming activities could stimulates
students into constant practice that will in turn mediates their
programming skills acquisition.
Virtual Lab Accessibility

The ‘virtual lab accessibility’ theme contains two (2) sources as shown
in the node snapshots below.

The beauty of this virtual lab is that I can use my phone to access it and code my programs

I was able to do more other things in the virtual lab apart from the assignments given to us.
This was possible becuase I could login to the VPL at my free times and practice.

Fig 4.30 Virtual Lab Accessibility Theme Elements (Chats Content)

The first source shows that the virtual lab was accessible using mobile
phone to write program codes; this result is similar to what was analysed
in 4.3.1.1 above. Thus, the virtual lab environment is accessible even
with mobile devices which students have high affinity to their usage as
shown the respondent’s statement: ‘... I can use my phone to access
it... The second source also indicates that the virtual lab was accessible
to students even during non-school hours to practice programming.

The virtual lab as a socio-cultural mediating tool enables the subjects
to performed actions on the activity object. These actions include writing
program codes, program testing, and program debugging that were

performed by the subjects using private devices to access the virtual lab.
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Thus, this finding also revealed that the virtual lab mediates subjects’

access to a lab environment to carry out hands-on programming activity.
Virtual Lab Perception

The ‘virtual lab perception’ theme contains six (6) sources as shown in

the node snapshot below.

This virtual lab is very interesting.
beacuse its make life easy to learn programming.

The beauty of this virtual lab is that I can use my phone to access it and code my programs.
Why is it that is only limited to Java Programming Language?

I am proud to be part of those involve in this VPL exercises.

We need more of this as students to perfect our programming skills

I'look forward to when we can write our exams using the Virtual Lab to answered program
coding questions as part of our Compter Based Testing (CBT) exams.

Fig 4.31 VL Perception (Theme Elements - Chats Content)

In the first source, the virtual lab programming experience was
perceived as interesting by the participants. The second source shows
that students perceived the virtual lab environment as easy to learn
programming with. Thus, such perceptions could encourage self-
motivation towards programming practice by the students. The third
source indicates how students appreciate the affordance of the virtual
lab.

The fourth source shows how students perceived and valued their
participation in the virtual lab programming activity system, as being
proud of. Also, the fifth source shows that the student perceived the

virtual lab as a tool that could help enhanced their hands-on
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programming skills. The sixth source indicates that the virtual lab is
being perceived as opportunity to conduct hands-on programming using
Computer-Based Testing (CBT), this is evident by the respondent’s
statement: ‘I look forward to when we can write our exams using the
Virtual Lab to answered program coding questions as part of our
Computer Based Testing (CBT) exams’ in fig 4.31. Also, as analysed in
4.3.1.1 and 4.3.1.2 above, this finding revealed that the participants have
a positive perception towards use of virtual lab for programming
practice. These also show that the activity outcome was encouraging and
the subjects were motivated. Hence, AT is a powerful theoretical
framework to analyse the virtual lab hands-on programming activity
system (Clemmensen, Kaptelinin, & Nardi, 2016).
Recommendations for Virtual Lab

This theme’s node contains four (4) sources as shown in the node
snapshots below.

Our HOD should promote use of this virtual lab environment for all our courses

: I learned that this virtual lab we are using is just a test but I love if the department could
fully implement it

Why is it that is only limited to Java Programming Language?

12:04 StudentS: All our lecturers should be encourage to use this VPL for teaching all their
courses that involve programming.

Fig 4.32 Recommendation for Virtual Lab (Theme Elements - Chats Content)
The first source indicates students’ recommendation for the adoption

of the virtual lab environment to teach all the programming courses in

the department. The second source also recommends the implementation
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of the virtual lab in the department too. The third source shows that the
virtual lab should be used for other programming languages too, that is,
not only for Java programming language. The fourth source
recommends the virtual lab to all the lecturers in the computer science
department to ensure that they teach and conduct practical classes using
the virtual lab for all their programming courses.

These are indications that the virtual lab as a cultural tool with
meditational function enables the participants to performed their actions
driven by the activity object, this assent to Leonardo, & Manning,
(2017) description. It’s also implied that the virtual lab mediates and
mitigates the challenge of having a lab environment for practical
sessions and the BYOT policy constraint. The following respondents’
statements confirmed this: ‘Our HOD should promote use of this virtual
lab environment for all our courses’; ‘... I love if the department could
fully implement it’; ‘All our lecturers should be encourage to use this
VPL for teaching all their courses that involve programming’ as showed
on the snapshots in fig 4.32.

These results are similar to what was analysed in 4.3.1.1 and 4.3.1.2
above; therefore, these recommendations could be because of the
mediation importance of the virtual lab on the students’ programming
experience and skills.

Students Engagement
The ‘students engagement’ theme contains one (1) source as shown in
the node snapshot below.
I was able to do more other things in the virtual lab apart from the assignments given to us.

Fig 4.33 Students Engagement (Theme Elements - Chats Content)
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This source shows that the virtual lab environment provides a
‘playground’ for the learners to engaged in a self-defined programming
practice i.e. doing extra more exercises in the virtual lab on their own.
When activity system subjects are motivated to attain the activity object,
and the activity product or outcome is encouraging, then the subjects are
inspired to continue or participates in future activities. Thus, the
resulting outcome of the subjects’ (students) actions encourage them to
do more hands-on programming practice in the virtual lab, as indicated
by the respondent’s statement: ‘I was able to do more other things in the
virtual lab apart from the assignments ... . This finding revealed that the

students were engaged with the virtual lab programming activities.

4.3.2.2 Forum Content
The virtual lab activities’ forum content was also queried using Nvivo
‘Text Search’ and the search results were visualized using word tree as
shown below with more in Appendix J.
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Figure 4.34 Visualised Activity System Forum Content

The statement ‘At anytime I can do my exercises independent of other
students and I can decide to spend more time practicing coding on my
own’ highlighted in the word tree above shows that the activity system’s

mediating tools, rules and division of labour enhanced access to lab
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environment at anytime for the subjects to perform actions on the

activity object.

I can decide to spend more time practicing ~_ and debug errors online seamlessly .

coding

it , it is quite rewarding to practice program on my own . This development shoul

Figure 4.35 Visualised Activity System Forum Content

The above highlighted statement, that is, ‘... it is quite rewarding to
practice program coding and debug errors online seamlessly’ indicates
that the activity system rules enhanced division of labour within the
community and the artifacts mediate the subject (learners’) program
coding.

The forum content was also coded into the following major themes,
which enhanced filtering, categorization, and analysis of respondents’
views and experiences with the virtual lab programming activities.

Interest in Using VL
This theme of the forum contains four (4) sources as shown in the node

snapshots below.

Working in the virtual lab is the best for any programming practice or leaming.

The virtual lab is a friendly practicals environment that enable self-practice at any time and
place as long as there is connection.

My experience with the VPL was worthwhile and I like it.

Doing the activities in the Virtual Lab was more interesting than the usual physical lab
method that is full of distractions and limited time access to the lab for one to complete his
assignments and test them properly before submission
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Fig 4.36 Interest in Using VL (Theme Elements - Forum Content)

The first source indicates that the respondent was interested using the
virtual lab and considered it the best for programming practice. This
could be due to interest on the affordances of the virtual lab. The second
source shows that the respondent was interested using the virtual lab
environment because it is user-friendly and encourages self-defined
programming practices. The third and fourth sources also show that the
students like using the virtual lab and considered their experience
worthwhile.

Therefore, these comments show that the artifact (virtual lab) help the
participants (students) to carry out an activity, and the result of their
actions in the activity system appears to be interesting, as shown in their
statements: ‘Working in the virtual lab is the best for any programming
practice or learning’; ‘My experience with the VPL was worthwhile and
I like it’; ... the virtual lab was more interesting than the usual physical
lab ...” The fourth source also indicates that the students found the
virtual lab interesting because there is no distraction in the virtual lab
environment and no access time limit.

The activity system rules and regulations guide and direct the
subjects’ actions, provide procedures for acceptable interactions among
the community members (Clemmensen, Kaptelinin, & Nardi, 2016).
This implies that the virtual lab activity system rules, the virtual lab
inherent cultural features, and the community division of labour promote
and support a lab environment that have no access time limit and
distractions. This is evident by respondent statement: ‘... the virtual lab

was more interesting than the usual physical lab method that is full of
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distractions and limited time access to the lab for one to complete his
assignments and test them properly before submission’. The finding here
shows that the respondents have interest in using the virtual lab because
there 1s no access time limit and distractions by peers.

Students Engagement
The ‘students engagement’ theme of the forum content contains five (5)

sources as shown in the node snapshots below.

Even on transit I was able to access the Virtual Lab.
My experience with the virtual lab environment was quite engaging
Is an opportunity for shy students to express themselves too

The virtual lab activities allow us as students to share ideas via chats and forum like this
discussing the VPL experience.

I could imagine running programs online using my PIPO Android tablet.

Fig 4.37 Students Engagement (Theme Elements - Forum Content)

The first source indicates that even on transit students were engaged
with programming activities in the virtual lab environment. The second
source shows that the students’ hands-on experience with the virtual lab
programming activity system was quite engaging. When activity
subjects are encouraged by the artifacts’ affordances to attain the activity
object, and the activity product or outcome is also encouraging, then the
subjects are motivated to participates in future activities or do more.
Therefore, this is an indication that the virtual lab activities’ outcome
was encouraging; hence the subjects (students) were engaged and

encouraged to do more hands-on programming practice in the virtual lab
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even on transit, as indicated in the statements: ‘Even on transit I was
able to access the Virtual Lab’; ‘My experience with the virtual lab
environment was quite engaging’

The third source shows that the virtual lab environment enables the
students to get engaged into sharing ideas among themselves online
about their programming activities. The fourth source indicates that the
student was able to use an android tablet to perform programming tasks.
Again, the virtual lab as a socio-cultural tool mediated the process
through its embedded features to enable the subjects used their mobile
devices, interacts, and communicates while performing their activities.
This is revealed in the statements: ‘Is an opportunity for shy students to
express themselves too’; ... allow us as students to share ideas via chats
and forum like this discussing on the VPL experience’

Thus, this result shows that using virtual lab environment for practical
classes could engaged the learners into learning more on their own at
even odd times.

Programming Practice
The ‘programming practice’ theme contains three (3) references as

shown in the node snapshot below.

My experience with the virtual lab was encouraging for me because [ was able to practice
repeatedly and gain more
confident as programming students.

it is quite rewarding to practice program coding and debug errors online secamlessly.

At anytime I can do my exercises independent of other students and I can decide to spend
more time practicing coding on my own.
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Fig 4.38 Programming Practice (Theme Elements - Forum Content)

The first source indicates that the virtual lab is encouraging and
students were able to use it to practice programming repetitively as
maintained by Heradio, et al, (2016), which could developed their
confidence in programming. Therefore, it can be observed the virtual lab
activity system subjects performed actions on the activity that is driven
by the object; and directed by the rules to achieve the outcome. Also,
this aligned with the activity system in fig 2.8. This achievement of the
outcome promotes and encourages the subjects to further practice or
perform the activities as indicated in the statements: ‘... I was able to

(3

practice repeatedly ...’; . and I can decide to spend more time
practicing coding on my own’.

The second source shows that the virtual lab enables students to
practice programming online seamlessly. The third source indicates that
students can practice and complete their programming exercises
independently using the virtual lab environment. Also, using the
theoretical framework lens, this shows that the activity system artifact
(virtual lab), rules and regulations, and the division of labour between
the community members, all enhanced the subjects to participate and
performed their actions on the activity. These mediate the hands-on
programming practice among the students as evident in the statements:
‘... practice program coding and debug errors online seamlessly’; ‘At
anytime I can do my exercises ... and I can decide to spend more time
practicing coding on my own’.

Therefore, this finding as in 4.3.1.1 and 4.3.2.1 shows that using the

virtual lab for hands-on programming activities could encourage
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programming practice and developed students’ programming skills as
potential programmers.

VL Compare to Traditional Lab
The ‘VL compare to traditional lab’ theme contains two (2) sources as
shown in the node snapshot below.

Is an opportunity for shy students to express themselves 0o

Working in the virtual lab environment has no tension and fear like the traditional computer
lab. At anytime I can do my exercises independent of other students and I can decide to
spend more time practicing coding on my own.

Fig 4.39 VL Compare to Traditional Lab (Theme Elements - Forum Content)

The first source shows that the virtual lab environment could
encourage shy students to express themselves, communicates with others
and their lecturer online unlike in physical lab environment. The second
source shows that students working in the virtual lab environment have
no tension unlike in the physical lab where there is fear of making
mistake in the presence of the lecturer or peers and tension of trying to
finish and submit before the ‘lab hour’ elapse. Hence, the virtual lab
provides opportunity for self-pace and independent programming
practice and learning unlike in the physical lab environment.

It implies that the artifact (virtual lab) as a cultural tool help the
subjects (students) to carry out hands-on programming activities in the
virtual lab environment at self-pace and without tension. This is evident
in the respondents’ statements: ‘Is an opportunity for shy students to
express themselves ...°; ‘... virtual lab environment has no tension and
fear like the traditional computer lab ...’; ‘... I can do my exercises

independent of other students ...". Therefore, as analysed in 4.3.1.1 and
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4.3.2.1, this result demonstrates that the virtual lab mediates the
challenge of lab access (limited number of computers in physical lab) for
practical programming classes and the policy constraint against BYOT.
As a socio-cultural tool, the virtual lab also enhanced interactions and
communications among the members of the activity system community
(Alkhaldi, Pranata, & Athauda, 2016).
Recommendation for Virtual Lab
This theme contains four (4) sources as shown in the node snapshots

below.

However the compilers should include other
languages like PHP, C++, etc so that we can continue to use the VPL for all our
programming lab activities.

This is a great ICT tool that can be use for large classes where attending to all students just
in one class at a time is not possible.

This development should be encourage and put to use, no going back.

I recommend that the university should encourage the use of the VPL for teaching
programming courses in the department.

Fig 4.40 Recommendation for Virtual Lab (Theme Elements - Forum Content)

It can be observed from the first source that the students wish to have
other compilers like C++ on the virtual lab so that they could use the
virtual lab for all their programming activities. However, this could be a
recommendation for implementation of the virtual lab to cover other

3

programming languages as evident in the statement: ‘... the compilers
should include other languages like PHP, C++, etc so that we can

continue to use the VPL for all our programming lab activities’. In AT
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voice, and as found in 4.3.1.1, 4.3.1.2 and 4.3.2.1 above, this shows that
the artifact i.e. virtual lab is recommended for practical programming to
enable the subjects (students & lecturer) conduct practical programming
classes and activities.

The second source shows that the virtual lab could be use as ICT tool
to conduct practical programming classes for large students’ number;
where it could be difficult for a lecturer to provides feedback to all
students during practical classes in traditional lab setting that usually has
limited practical time duration. Thus, this can be a recommendation of
the virtual lab for large class size practical sessions.

The third source indicates that the virtual lab should be encouraged and
implemented. The fourth source shows that the wvirtual lab is
recommended for teaching programming courses in the department.

All these findings revealed that the virtual lab (artifact) as a social and
cultural-historic resource, it could mediates hands-on programming
learning activities by enabling the subjects to interact and communicates
within the activity system community. This mediation includes enabling
lab environment, ability to provide immediate feedbacks to students on
their practical activities, and mitigating the BYOT policy constraints as
evident in the respondents’ statements: ‘... can be use for large classes
where attending to all students just in one class at a time is not
possible’; ‘This development should be encourage and put to use, no
going back’; ‘I recommend that the university should encourage the use
of the VPL for teaching programming courses in the department’ on fig
4.40 snapshots.

VL Perception
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The ‘VL perception’ theme contains two (2) sources as shown in the

node snapshots below.

My experience with the virtual lab environment was quite engaging. It is the best thing that
can happen to any computer science student.

The virtual programming lab is a wonderful experience for me; I could imagine running
programs online using my PIPO Android tablet.

Fig 4.41 VL Perception (Theme Elements - Forum Content)

It can observe from the first source that the virtual lab is perceived as
engaging and good for computer science students. The second source
indicates that the virtual lab experience is perceived as wonderful.

These imply that the hands-on programming activity outcome was
encouraging to the subjects; thus, they perceived it as engaging and
worth it. Therefore, as found in 4.3.1.1 and 4.3.2.1, this result shows that
the virtual lab is perceived as a cultural tool essential for practicing
programming and that it could mediate students’ hands-on programming
experience and skills, as supported by these respondents’ statements:
the virtual lab was quite engaging’; ‘It is the best thing that can happen
to any computer science student’; ‘The virtual programming lab is a
wonderful experience for me ...’

Programming Skills
The ‘programming skills’ theme contains one (1) source as shown in the
node snapshots below.

I will appreciate if our student programming club could adopt this VPL as a practice
environment that hopefully will train us to be good programmers.

Fig 4.42 Programming Skills (Theme Elements - Forum Content)
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The source indicates that using virtual lab environment for
programming practice can mediate learners programming experience
and skills. This revealed that the virtual lab as a social and cultural
artifact, it could mediate students programming experience and skills
by providing a lab environment for hands-on programming practice.
This is similar to what was analysed in 4.3.1.1 and 4.3.2.1 and evident
in the respondent’s statement: ‘I will appreciate if our student
programming club could adopt this VPL as a practice environment that
hopefully will train us to be good programmers’ as inscribed on fig
4.42 snapshot above.

The activity system on fig 2.8 (which is based on the analytical
framework on fig 2.7) is reviewed based on these results or findings as

shown below.
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Mediating Tools (Virtual Lab, Internet, mobile devices, PCs)
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Fig 4.43: Virtual Lab Java Programming Activity System

It can be observed that this activity system as compare to the one in
fig 2.8, the contradictions or tensions have changed to motivation and
encouragement (as depicted with green lines in fig 4.43) after the
subjects (lecturer and students) have performed actions on the activity
object. Thus, the respondents’ statements: ‘... virtual lab is the way
forward for our department in teaching all programming courses
because we cannot be able to conduct all programming practical in our
small physical computer lab that have few systems’ (see snapshots in

fig 4.24) and ‘... virtual lab environment has no tension and fear like
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the traditional computer lab ..."; ... I can do my exercises independent
of other students ...’ (see fig 4.39 snapshot) are as result of the
motivation and encouragement. The motivation and encouragement to
use the artifact (virtual lab) can promote hands-on programming
practice by the students, which can also mediate their programming
skills acquisition.

The actions performed on the activity object include assigning
programming tasks by the lecturer, scaffolding of students’ performance,
providing them with feedbacks; while the students performed the tasks
by coding programs, testing programs, and debugging programs. These
are evident in the respondents’ statements: ‘... [ was able to set Java
programming assignments for students and check their submissions
using my iPad.’ ‘I was able to view and comments on students’ lab
activities online even at home’ (see fig 4.21 snapshots), ‘... practice
program coding and debug errors online seamlessly’ (see fig 4.38
snapshots), I can test my program codes, debug them many times
repeatedly’; ‘... at our pace we can immediately code and test ideas as
they come to mind’; (see fig 4.28 snapshots).

From fig 4.43 above the outcomes of the AT system is “artifacts’
mediated programming skills and experience”, that is, the virtual lab
activity system can mediate programming skills acquisition if the
community members appropriately used it as indicated by the

(3

respondents’ statements: ‘... definitely my programming skills will
improve with constant practice’, ‘this has improve my program coding
skills in Java’ (see fig 4.29 snapshots), ‘I gain more skills on
programming using the virtual lab’, ‘Using the virtual lab will improve

my programming skills very well’, ‘using the virtual lab enable me to
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practice a lot of things on my own...", ‘...and this make us better future
programmers’ (see fig 4.9). Thus, the findings illustrates that use of the
virtual lab enhances students’ Java programming skills acquisition, and:
1. provide alternative computer lab engagement
2. provide flexible access to the lab for students to carry out
programming tasks, and the lecturer to scaffold students'
program coding ability.
3. enable students' hands-on programming assessment where
formative feedback would help enhance their skills
Therefore, these aligned with the purpose and the main objective of this
research work, that is, to find out whether use of virtual lab would
enhance students’ Java programming skills acquisition in the Computer

Science department at UniJos.

4.4 Results Discussion
The results of data analysed above from the two different sources (i.e.
interview, and activity system contents) are discussed below in sequence

to point out findings and their linkage with the research questions.

4.4.1 Interview Results
The research interview instrument engaged both the students and the
lecturer, where a lot of information was collected through audio
recording. The recorded interviews were transcribed and analysed, thus,

the results and findings are discussed as follow:

4.4.1.1 Results from Students’ Interview
During the interview, the students’ views show that their

experimentation with the virtual lab was worthwhile. The virtual lab
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encourages independent and self-pace hands-on programming practice,
which could enhance programming skills acquisition. This agrees to
(Savi¢, et al., 2016; Kori, et al., 2016; Farooq, & Khlad, 2013; and
Bowlick, Goldberg, & Bednarz, 2017) views on hands-on practice that
could mediate students’ programming skills acquisition and also
groomed them as potential programmers.

The students experience with the virtual lab environment exposes
them to new way of conducting hands-on programming practice (see
section 4.3.1.1). Thus, the activity system exposes the subjects (learners)
to a new pedagogical option on how practical programming classes
could be conducted. Therefore, this interview results answered the third
researchable subsidiary question i.e. ‘What are the teaching and
learning practices evident in the virtual lab?’ as indicated on table 3.1.

The results of the students’ interview shows that using the virtual lab
enable learners to spend more time practicing program coding on their
own including leisure time. This also promotes and enhances students’
practical programming experience and skills that could equipped them as
skilled graduates to be and future programmers that will require little or
no training to work in a production environment when employed as
maintained by Bringula, Balcoba, & Basa, (2016); Baruah, Ward, &
Brereton, (2017); and Acheampong, (2013). Therefore, in line with table
3.1 above, this result addresses the second researchable subsidiary
question (‘How does the virtual lab programming mediate students’
programming skills acquisition?’), i.e. the virtual lab programming
activity system mediates the students’ programming skills through

constant programming practice using the virtual lab as a mediating tool.
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The students’ interview as earlier analysed revealed that the subject
(lecturer) was able to provide each of them with instant feedbacks on
their lab activities. This is evident in figure 4.11 i.e. the respondent’s
statement: ‘... the instant feedback from the lecturer help me to correct
my mistakes’, hence making feedback process easy as maintained by
Rodriguez-del-Pino, Rubio-Royo & Hernandez-Figueroa (2012:80); and
Robinson, & Carroll, (2017). This implies that the activity system rules
enable the subjects (lecturer and students) to interact and communicate
as members of the community, each participating based on the division
of labour using artifacts. Thus, this could also stimulate and encouraged
the subject (students) to practice more on their own (self-engagement)
through self-motivation and determination. The self-engagement with
hands-on programming practice can promote authentic learning of
programming concepts they learned in class (Potkonjak, et al, 2016;
Cheng, Chen, Liu, & Huang, 2016; Pelet, Khan, Papadopoulou, &
Bernardin, 2015).

The interview result also indicates that the virtual lab is usable and
accessible anytime and place with private computers, mobile devices
like tablets, and smart phones to practice program coding even on
transit. This shows that the artifact (virtual lab) mediates the subjects’
access to a lab environment to carry out hands-on programming
activities. Thus, this flexibility of access to the artifact (virtual lab)
offers the subjects (students) the opportunity to spend more time on
hands-on programming practice compare to physical lab.

Therefore, this addressed the second research objective, i.e. ‘o
provide flexible access to lab for students to carry out programming

tasks, and for the lecturer to scaffold students’ program coding ability’.
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This also agrees with Johns-Boast (2014:199-201) position on hands-on
activities and scaffolding as requirements for impacting technical and
practical competency on learners of professional courses.

The interview results also revealed some recommendations for the
adoption, implementation and domestication of the wvirtual lab
programming activity system as follows:

* The virtual lab is recommended for implementation in the
computer science department for teaching all programming
courses because of the virtual lab’s accessibility affordance in
terms of time and place.

* The virtual lab is recommended for adoption by all the lecturers in
the computer science department

* The virtual lab is recommended to the entire university because of
its cost effectiveness and affordance compare to physical lab

The following statements by the respondents showed on the snapshots
of the transcribed interview in fig 4.14 are evidences: ‘I will like the
department to make sure all our lecturers use the virtual programming
lab to teach all our courses’, ‘I will really urge the university and the
department to take this very seriously to go beyond just one
programming language’, ‘... I recommend the adoption of this
important concept’

It could be said that, this is an indication that the virtual lab activity
system intervention for Java programming language practical classes
was worthwhile and a welcome development that could be adopted.

The interview results recognized the virtual lab as a cost-saving artifact
for conducting practical programming activities in the context of

computer science department of UniJos; where there are limited
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numbers of computers in the physical lab for all students to use
concurrently. This finding supports (Chen, Song, and Zhang 2010:3844;
Oliveira, Marranghello, Silva, & Pereira, 2016; and Hovardas,
Xenofontos, & Zacharia, 2017) assertions that virtual lab can be use for
practical activities that would normally require equipment that is too
expensive or unavailable.

The results show that the subjects (students) preferred the virtual lab
to the traditional lab for the following reasons:

* The virtual lab could allow or enable introverts students to
expressed themselves virtually and work without tension or
nervousness

* The virtual lab can be access anytime anywhere unlike the
physical lab that it must be inside a fix place

* The virtual lab is cost-effective unlike physical lab that is
capital intensive

* Students gets instance feedbacks and gain their lecturer’s
attention online

* The virtual lab can be access using mobile devices

The statements ... in virtual lab environment I express myself better’;
‘1 definitely preferred the VPL because of easy accessibility ...’
‘While with VPL either with a phone or any capable device I can have
access to a full programming compiler ..., and ‘... but virtual lab can
be access by many students at the same time.’ as shown on the
snapshots in figure 4.17 are evidences that the activity system artifacts
(virtual lab, mobile devices) have the mediation function to mediate
access to lab environment and the challenge of limited number of

computers in a physical computer lab.
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Therefore, these reasons suggested that the artifact (virtual lab) could
be an alternative to traditional physical lab for hands-on programming
activity system good for independent, self-pace, and student-centre
hands-on programming practice. This supported Tatli, & Ayas, (2013)

position on using virtual lab as alternative lab to physical lab.

4.4.1.2 Results from Lecturer’s Interview
During the interview interaction, the lecturer acknowledges the virtual
lab as useful, easy to access and used; and as a valuable tool that could
enhance management of students’ hands-on program coding online. The

3

respondent’s statements affirm this: ‘... I was able to set Java
programming assignments for students and check their submissions
using my iPad’, ‘I was able to view and comments on students’ lab
activities online even at home’ in figure 4.21 snapshots.

This could be achieved through provision of feedbacks to students and
scaffolding on their individual practical programming activities base on
their ZPD in programming (Engestrom 2014:134-135; Roth, 2014; and
Ng’ambi & Brown, 2014: 46-47), as evident by the respondent’s
statement: 7 was able to attend to each student in the VPL environment’
in figure 4.21. The feedbacks given to the subjects (students) could helps
mediate their programming skills as maintained by Robinson, & Carroll,
(2017); Chen, DeMara, Salehi, & Hartshorne, (2017). This also
addressed the third research objective, that is, ‘To enable students’
hands-on programming assessment where formative feedback would
help enhance their skills’.

The ability to manage a class is very important in any form of

teaching either formal/informal or face-to-face/online (Dawson, & Al
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Saeed, 2012). Thus, the affordances of the artifact (virtual lab) that
enable the subject (lecturer) to manage and scaffolds the learners in the
activity system is a vital attribute or characteristic that could encouraged
and hearten the adoption and implementation of the virtual lab for
practical programming activity systems.

The results of the interview also shows that at the beginning the
lecturer was not sure about the ability or capability of the artifact (virtual
lab) for conducting online hands-on programming activities until he
experienced it. This was confirmed by the lecturer’s statement: ‘I must
confess that the virtual lab experience has shaped my pedagogical
thoughts and approach to teaching programming courses’ in figure 4.23
snapshots. Therefore the subject’s motives for participating in the
activity were contradictions or tensions in the activity system
(Engestrom, 2017b; Bravo Olavarria, 2013).

However, the subject’s actions transformed the object in reaction to
these contradictions in the activity system. This imply that the lecturer
pedagogical position towards use of the virtual lab for teaching
programming courses have changed after experiencing the virtual lab.
That is, his pedagogical view was reshaped by the affordances of the
artifact in practical programming activity system. Thus, AT can be
employed as a methodological tool to investigate pedagogical change
within a classroom (Hardman (2005:1; Engestrom, 2014).

This realisation and views of the lecturer about use of the virtual lab to
conduct hands-on programming activities has countered the anxiety or
nervousness exhibited by educators of professional courses like

computer science in embracing elLearning for distance learning as
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maintained by Dalgarno, Bishop, & Bedgood Jr (2012:90) and Wang
(2012:1745).

The educator’s experience with the virtual lab environment for
practical programming activities have induced him to recommends the
adoption and implementation of the virtual lab as follows:

* The lecturer recommends the implementation and full usage of
the virtual lab as alternative way forward for conducting all
hands-on programming activities in the computer science
department

* He recommended the virtual lab for all science departments to
enhance their students’ practical activities.

The following statements of the respondent attest to these as shown on
snapshots in figure 4.24: ‘... virtual lab is the way forward for our
department in teaching all programming courses because we cannot be
able to conduct all programming practical in our small physical
computer lab that have few systems’; ... virtual lab could also be use by

other science department for conducting their practical’

4.4.2 Activity System Contents Results
There were two forms of contents being analysed about the virtual lab
programming activity system, that is, the chats and forum contents. The
contents were captured, coded, analysed and the results are discussed

below.

4.4.2.1 Chats Content Results
The results of the chats content indicates that the students perceived
the virtual lab as an interesting programming lab environment that they

desired to used it for all their programming courses in the department.
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They also wish to write programming exams using the virtual lab. The
respondents’ statements: ‘This virtual lab is very interesting’; ‘I look
forward to when we can write exams using the Virtual Lab to answered
program coding questions as part of our Computer Based Testing (CBT)
exams’ in fig 4.27 and fig 4.31 respectively are evidences.

With the virtual lab activity system, students can use their waiting or
transit time to practice programming at their own pace. That is, they can
code programs as ideas flows in their minds, test and debug the
programs many times as maintained by Oliveira, Marranghello, Silva, &
Pereira, (2016); Chen, Song, and Zhang (2010:3844), Tatli, & Ayas,
(2013); Lewis, (2014). This shows that the artifact (virtual lab) enable
the subjects (students) to perform actions (i.e. program coding, testing
and debugging) on the activity object and repeats it many times. This
repeated programming practice can mediates their practical
programming skills as stated by the respondents in fig 4.29 snapshots,
1.e. ‘... definitely my programming skills will improve with constant
practice’, and ‘This has improve my program coding skills in Java’.

Therefore, this result also answered the second research question i.e.
‘how does the virtual lab programming mediate the students’
programming skills acquisition?’ as stated in table 3.1. Thus, the virtual
lab is an artifact that can be deployed and used to mediate students’
programming skills as explained by Engestrom (2017b) and supported
by Aguayo, (2016).

The result as earlier analysed above in section 4.3.2.1 shows that the
virtual lab is accessible to authorized persons anywhere anytime using
even mobile devices that contemporary students have lofty affinity to

their usage (Sorgo, et al, 2017; Fernandez, et al, 2017). The respondent’s
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statement in fig 4.30 snapshot affirmed to this, i.e. ‘... I can use my

phone to access it..." Therefore the accessibility attribute of the artifact

(virtual lab) as socio-cultural mediating tool influenced and encouraged

the subjects (students) to be engaged with hands-on programming

activities.

The chats content results identified some recommendations made by

the participants as follows:

The participants recommend full implementation of the virtual lab
for all programming courses in the department of computer
science. This same recommendation was also made in the
interview (see section 4.4.1.1).

The participating students recommended the use of the virtual lab
to enable them write computer-based hands-on lab programming
examinations. This recommendation call for a new approach to
how Computer-Based Testing (CBT) exams are conducted in the
UniJos and in the department of computer science in particular.
This could also help the educators to perform a formative
measurement and evaluation of the students’ hands-on skills and
experience.

Similar to one of the recommendations made during the interview
(see section 4.4.1.1), the respondents recommend the use of
virtual lab to all the lecturers in the department. That is, to enable
the lecturers to teach and conduct practical classes using the

virtual lab for all programming courses.

These recommendations are not different from those ones previously

stated, thus, they emphases the necessity and worthiness of the virtual

lab as a mediating tool for conducting practical programming activities.
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4.4.2.2 Forum Content Results

The results of the forum content are not far different from that of the
chats content. The results show that the subjects (students) are enthralled
with the virtual lab programming activity system because the artifact
(virtual lab) is user-friendly, quite engaging, and accessible even with
mobile devices. All these enable the subjects (students) to performed
actions (i.e. practice program coding, test their codes, debug and fix bug
issues) on the activity object at own pace and independent of others.

Hence, this supports CHAT theorists’ (Bozalek et al., 2015; Bravo
Olavarria, 2013; Leonardo, & Manning, 2017) description of artifacts as
cultural tools with mediation function, which help participants of an
activity system to carry out an activity. Therefore, use of ICTs have
opened a new sphere for teaching and learning with web-delivered
interactive environment and offered great improvement in
communication within the academic community as asserted by
Berenguel, et al, (2016). This shows that using the virtual lab for
practical programming classes could stimulates students’ interest in
learning and practicing program coding; and the interest can also
encourage constant practice that could mediate programming skills
acquisition. Therefore, from AT methodological framework and
Hardman (2005:1) findings, the virtual lab experience could lead to a
pedagogical paradigm shift in conducting practical programming
activities in the context of UniJos.

The results also indicate a positive perception of the virtual lab by
both students and the lecturer. This perception can widen the practical
programming ZPD of the learners to explored more in their practical

programming learning processes (Engestrom, 2014). Also the lecturer
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could clinch and support full (including practical sessions)
implementation of eLearning for all their programming courses in the
department.

Viewing these results with AT lens, it can be seen that the results of
both the forum and chats contents acknowledges the artifact (virtual lab)
as valuable programming lab environment that enables the subject
(educator) to interact, guide and assist all the students with their hands-
on programming challenges. The major advantage of the virtual lab is
that even at home, on transit, the educator can access the learners’ lab
activities and scaffold or provides them with feedbacks (see
respondent’s statement in section 4.3.1.2 on fig 4.21 snapshots: 7 was
able to attend to each student in the VPL environment’) either
synchronously or asynchronously as stated by (Farooq, & Khlad, 2013).
The following statements by respondents confirm these: 7 was able to
view and comments on students’ lab activities online even at home’
(section 4.3.1.2 on fig 4.21 snapshots), ‘Even on transit [ was able to
access the Virtual Lab’ (section 4.3.2.2 on fig 4.37 snapshots), and ‘7
was able to attend to each student in the VPL environment’ (section
4.3.1.2 on fig 4.21 snapshots).

The activity system rules enable the subjects (students) to interact
among themselves using chats, forum, and/or other media online.
Therefore, the virtual lab as a socio-cultural tool can also engage shy
learners in the learning process unlike in physical lab that shy students
are being mute. Hence, depriving them from sharing brilliant ideas they
might have. Such hands-on programming engagement can build their
confidence as programmers and mediates their programming skills

acquisition; this supports Clemmensen, Kaptelinin, & Nardi, (2016)
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findings on sustaining the continuity of interaction in web-based
practical for engineering education. Thus, activity theory is a powerful
theoretical lens to viewed and explained how interaction with ICT tools
in learning activities can mediate hands-on skills acquisition.
The forum content results also include recommendations for the
adoption of the virtual lab as follows:
* The virtual lab is recommended for all programming courses in
the computer science department and
* The virtual lab is recommended for teaching large class size
programming classes
The following statements of the respondents in section 4.3.2.2 on fig
4.40 snapshots affirmed these: ‘... can be use for large classes where
attending to all students just in one class at a time is not possible’; ‘This
development should be encourage and put to use, no going back’; ‘I
recommend that the university should encourage the use of the VPL for
teaching programming courses in the department’.
It can be observed that the respondents presented similar views and
recommendations independent of instruments. This implied that the
results as discussed represented their views, experiences, and opinions

about the virtual lab programming activity system.

4.5 Chapter Summary
The research data collected using interviews were recorded in audio
format only having obtained respondents’ permission and consent. These
audio data were imported into and transcribed using Nvivo; and
snapshots of the transcriptions were presented in this chapter. Similarly,

the activity system contents generated in form of forum and chats about
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the virtual lab Java programming activities were captured using Nvivo
Ncapture feature. The captured activity system contents’ snapshots were
also presented.

The interview transcriptions were explored using Nvivo text search
query. The resulting queries’ output were visualised using word trees
(see sections 4.3.1.1 and 4.3.1.2). Also, the activity system contents
(forum and chats) were explored and visualised in the same way using
word trees (see sections 4.3.2.1 and 4.3.2.2). The transcribed interviews
data and the activity system contents (forum and chats) data were coded
thematically where patterns emerges naturally and grouped into themes.
Each theme contained related research data in a node and the themes
were analysed separately using AT as the theoretical framework (see
sections 4.3.1.1, 4.3.1.2, 4.3.2.1, and 4.3.2.2). Also the research results
were discussed respectively in sections 4.4.1.1, 4.4.1.2, 4.4.2.1, and
4.42.2.

Viewing the discussed results and recommendations made by the
research respondents using activity theory’s lens, it can be deduced that
the artifact (virtual lab) can enhance and mediates subjects (students)
programming experience and skills. Also, their recommendations are
informed by the mediation’s importance of the virtual lab on their

programming skills.
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5 CHAPTER 5: SUMMARY AND RECOMMENDATIONS
5.1 Introduction to the Chapter

Base on the results presented, visualized, analysed and discussed in
the previous chapter; a review of the research questions and conclusion
are presented in this chapter. Suggestions for practice or adaptation and
implementation of the virtual lab in UniJos or any institution with
similar background are unpacked in this chapter. Recommendations for

further research are also presented.

5.2 Review of Research Questions

The primary aim of this study is to investigate how use of virtual lab
as an emerging technology (in the context of UniJos) could mediate
students’ programming skills acquisition. The main question this
research sought to address is: “How does the use of a virtual lab mediate
Java programming skills acquisition amongst computer science
students?” Using CHAT helped me view and explained students’
engagement with the virtual lab programming activities mediated by
many contextual features like tools, the community, rules, and division
of labour (Engestrom, 2017; Engestrom, 2014). The research work was
carried out to understand how these contextual features (e.g. tools, rules,
community, and division of labour) enhance the programming skills
acquisition of the students. The purpose was to understand how
institutions like UniJos, in Nigeria could explore the use of the virtual

lab for teaching and learning practical programming language courses.
The following outline the research findings base on the subsidiary

research questions.
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5.2.1 What is the objective of the virtual lab programming?

The opportunity for students to engage in practical programming
activities is an essential component of degree programmes in the
Computer Science as maintained by Bowlick, Goldberg, & Bednarz,
(2017). In a situation where there are limited number of computers in a
computer lab and resistance to concept of BYOT; the mobility of access
to virtual lab environment provides students with the opportunity to get
engaged with hands-on programming activities. This aligned with
Lewis, (2014) assertion on accessibility affordance of the virtual lab.

As maintained by Oliveira, Marranghello, Silva, & Pereira, (2016),
this can encourage self-pace and tension-free practical programming
learning process using private computers and mobile devices from
home, in the hostels, and at hotspots. Therefore as stated in section
4.3.1.1, the artifact (virtual lab) mediates the subjects’ access to lab
environment to carry out hands-on programming activities. This is
supported by (Tatli, & Ayas, 2013; Hovardas, Xenofontos, & Zacharia,
(2017) positions that virtual lab provides the required environment for
students to demonstrates and converts their theoretical knowledge into
practical knowledge and experience through lab practice.

The virtual lab enables the lecturer to scaffold the students online
either synchronously or asynchronously. The virtual lab programming
activity system promotes student-centred and self-pace hands-on Java
programming practice, this concurred with Potkonjak, et al (2016). Such
hands-on programming engagement could build students confidence as
potential programmers and mediates their programming skills as

analysed in sections 4.3.2.1 and 4.3.2.2.

119



Analysing the activity system using AT lens, it was found that the
artifact (virtual lab) is a socio-cultural tool that enable the subjects (both
students and the educator) to interact as members of the community
through their actions on the activity object (see section 4.3.1.1). This
concurred with (Engestrém, 2017a; Clemmensen, Kaptelinin, & Nardi,
(2016) positions that activity theory is a powerful theoretical lens to
view and explain interactions within an activity system. Therefore, it can
be said that the main objective of the virtual lab programming activity
system is to provide students with programming lab environment for
their practical programming sessions and activities that supplement or

serve as alternative to physical lab.

5.2.2 How does the virtual lab programming mediate students’ programming
skills acquisition?

Practical programming activities re-enforces knowledge and
understanding of contents and concepts taught in theoretical sessions.
It provides the opportunity for learners to developed competence in
practical skills appropriate to their discipline, as maintained by
(Furberg, 2016; Hidayat, & Utomo, 2015).

It was found that the students viewed the vitual lab as an interesting
programming lab environment that allowed them to spend more time
practicing program coding, testing, and debugging (see sections 4.3.2.1
and 4.3.2.2). The virtual lab environment provides the subjects
(students) with an opportunity to repeat their lab exercises many times
before submissions (see sections 4.4.2.1 fig 4.38 snapshots and 4.3.2.2
fig 4.38 snapshots). This concurred to Alkhaldi, Pranata, & Athauda,
(2016); Chen, Song, and Zhang (2010:3844); Tatli, & Ayas, (2013);
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Lewis, (2014) findings and assertion that virtual lab provide students
with opportunity to repeat tasks many times (see section 2.3). This can
re-enforce understanding and also mediates hands-on programming
experience and skills.

Therefore, it can be said that the interaction of the subjects (both
students and the lecturer) with the artifact (virtual lab) in Java practical
programming learning activity system helps mediate students’ hands-on
programming skills. This could be possible through frequent guided
hands-on programming practice as analysed in sections 4.3.1.1, 4.3.2.1
and 4.3.2.2. From the aforementioned, it can be observed that the virtual
lab is an artifact that can be deployed and used to mediate students’
programming skills acquisition as explained by Engestrom (2017b) and
supported by Aguayo, (2016) and Hardman (2005). Thus, the virtual lab
programming mediate students’ programming skills acquisition through

guided constant hands-on practice with scaffolding.

5.2.3 What are the teaching and learning practice evident in the virtual lab?

The ability to access the virtual lab using mobile devices opens new
direction for the students on how to use their smart devices for hands-on
programming learning purposes (see sections 4.3.1.1, 4.3.2.2, and
4.4.1.1). This assent with Cordeiro, Fonseca, & Alves, (2015) statement
that the virtual lab environment embedded pedagogical strategies,
technologies and learner’s needs to enhance practical teaching and
learning experiences. Conducting practical programming activities using
the virtual lab for contemporary learners who have high affinity towards

using smart devices is like teaching them in their socio-cultural context
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(Sorgo, et al, 2017; Fernandez, et al, 2017). It gives them the opportunity
to construct their learning, hence, the virtual lab environment support
and encourages student-centred and authentic learning as ascribed by
(Cheng, Chen, Liu, & Huang, 2016; Oliveira, Marranghello, Silva, &
Pereira, 2016; Potkonjak, et al., 2016).

Using activity theory as a methodological tool, it was found that the
students’ experience with the virtual lab environment exposes them to
new way of performing hands-on programming practice (see sections
4.3.1.1 and 4.3.2.2), as maintained by Galan, et al, (2017); Encalada, &
Sequera, (2017). Also, the lecturer’s pedagogical approach or position
towards the use of the virtual lab for teaching and learning practical
programming courses changed after his experience with the virtual lab
programming activities as analysed in section 4.3.2.1. This revealed that
the pedagogical techniques for teaching and learning with the virtual lab
are slightly different, that is, it employed the use of online collaboration,
problem-based learning, inquiry-based learning, experiential learning,
and constructivist learning approach assent by Kaunang, et al, (2016).

The ability to provide students with instant feedbacks on their
practical programming activities within the virtual lab programming
activity system was a vital meditational motivation for self-driven
continuous programming practice by the students (see sections 4.3.1.1
and 4.3.1.2). To achieve this, the lecturer is expected closely monitor the
students’ activities online to moderates, scaffolds and facilitate the
process for students engagement as maintained by (Zhu, Yu, & Riezebos,
2016; Simpson, 2016)

The conducive individual-driven nature of the virtual lab environment

is an advantage for introverts’ learners to expressed themselves, share
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ideas with colleagues and also interact with their educator unlike in
physical lab (see section 4.3.2.2). Therefore, it can be said that the
teaching and learning practice evidence in the virtual lab include: 1)
students’ ability to perform hands-on programming practice
independently online anywhere using private computers and mobile
devices; 2) the educator ability to scaffold on students’ practical
programming activities with feedbacks either synchronously or
asynchronously (see sections 4.3.1.1 and 4.3.1.2); 3) use of online
collaboration, problem-based learning, inquiry-based learning,
experiential learning, and constructivist learning as pedagogical
approaches; 4) demand for the educator to closely communicate and

monitor the learning process online.

5.3 Conclusion

In this study, a virtual lab environment was used to conduct hands-on
Java programming activities in response to the challenge of limited
computers in the physical computer lab and the BYOT policy constraint.
The programming activities were conducted for three weeks with the
participating students and the lecturer who created and assigned the lab
activities to the students. The virtual lab activities include Java program
coding, program testing, program debugging, and participants’
interactions using chats and forum. After the activities, an interview was
conducted for both students and the lecturer.

The purpose of this research study was to investigate how use of
virtual lab as an emerging technology (in the context of UniJos) to
conduct hands-on programming sessions with focus on Java

programming language course could mediate students’ programming
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skills acquisition. The main objective of the study was to find out how
could use of a virtual lab mediate Java programming skills acquisition
amongst computer science students?

The research findings (see sections 4.3.1.1 and 4.3.2.1) show that the
artifact (virtual lab) provide the subjects (students) with access to lab
environment to practice Java programming independently at their own
pace using their technologies remotely. Therefore, this mediates the
challenge of limited computers in physical computer lab (see sections
4.3.1.1 and 4.3.1.2) and as mentioned in 5.2.1, the virtual lab can be
deploy to supplement or serve as alternative to physical lab.

It is quite interesting to note that the use of the virtual lab for Java
programming activities can encouraged introverts learners to interact
and share ideas with peers and the lecturer online as analysed in section
4.3.2.2. This is evident in the respondents’ statements: ‘Is an opportunity
for shy students to express themselves too’; ‘... allow us as students to
share ideas via chats and forum like this discussing the VPL experience’
shown on fig 4.37 snapshots. Also, it was found that the activity system
engaged the learners into self-pace and constant programming practice
that can enhance programming skills development. Therefore, this
investigation showed that use of virtual lab could mediate students’ Java
programming skills acquisition through constant accessibility to the lab,

purposeful use and guided constant programming practice.

5.4 Recommendations for Further Research
Recommendations for further research work in this area are provided

below.
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5.4.1 Further Research

The purpose of this research was to investigate how use of virtual lab
mediates students programming skills acquisition in Computer Science
department of the university. The study was limited to one programming
language, that is, Java programming activity system (hands-on Java
programming language practice), which I believed is a good starting
point for further research work with interest in using virtual lab as
mediating tool to mediate teaching and learning of science and
engineering courses.
The virtual lab is actually an emerging trend for UniJos computer
science department; however, the theoretical framework used (i.e. AT)
provides a useful lens to investigate human activity in this context. Also,
the findings suggest areas of interest for future research, particularly
how students perceived the historic-cultural and/or the socio-cultural
features of the virtual lab activity system for hands-on learning

engagement.

5.4.2 Recommendations
The recommendations or suggestions given here are based on the
experience acquired during this research work intervention at UniJos in
Nigeria.
1. The virtual lab activity system is recommended for institutions with
limited or no computer systems in physical computer labs
2. To ensure that the artifact (virtual lab) mediate the acquisition of
programming skills, the educator should scaffold and provides the

learners with instant feedbacks on their programming activities
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3. It is also recommended that apart from the educator interacting with
the learners, the activity system rules and guidelines should provides
and allow horizontal interactions between the learners within the
activity system community using media like chats and forums to
share ideas

Outline below are other recommendations for domestication of virtual
lab in computer science department of UniJos in Nigeria; however, it is
also applicable to any institution with similar background.

1. The virtual lab is recommended for the department to serve as
alternative to the traditional lab so that all lecturers should be able to
conduct hands-on programming sessions for all their programming
courses.

2. The virtual lab is recommended to the department for its cost
effectiveness and affordance compare to setting up physical
computer lab with necessary facilities.

3. The virtual lab concept is recommended for exploration by all
science and engineering departments in the entire UniJos. This will
help the departments to improvised ways of conducting practical
activities and exposed students to constructing their knowledge
through self-experimentation.

Also, there are necessary technical design requirements to ensure
proper functionality and performance of the virtual lab environment.
These technical requirements include:

1. Moodle LMS Requirements — You need to install and configure
Moodle LMS (or any other LMS) if it does not exist; installation of

recent version at any time is preferred. For a fresh installation, check

the Moodle server requirements both in terms of hardware and
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software dependencies. The server operating system is not a
dependable requirement since the Moodle can work on any operating
system.

2. Virtual Programming Lab (VPL) Plugin Installation and
Configuration — The VPL is a free add-on plugin compatible with
Moodle LMS that you need to install and configure on the Moodle
server as one of the LMS activity modules. This plugin provides the
web-based interface of the virtual lab and it interacts with the
compilers in the jail server (programs execution server) when a user
tries to run or test a program. You can find the VPL download at

http://vpl.dis.ulpgc.es/index.php/home/download

3. The Jail Server Installation and Configuration — The jail or
execution server is very important and a most to be installed and
configured on a separate server or inside a virtual machine depending
on the require activities or number of expected compilers. The jail
server installation include many compilers (e.g. Java compiler, C++
compiler, Python compiler, and others) and you can select them base
on your needs. You can install more than one jail server depending
on the processing requirements or expected execution traffic. If the
appropriate parameters are configured in both the VPL and the jail
server, the jail server(s) enables the execution of program codes in a
console window similar to the usual compiler environment. Details of

the “‘how-to’ can be found at http://vpl.dis.ulpgc.es/index.php/support

These are the major components needed to provide a good virtual lab
for programming languages. It is worth noting that these installations

and configurations are better performed or setup by a Network or
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System Administrator who have the know-how to configure and
deployed your virtual lab to be accessible either on an intranet, Internet

or both.
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Appendices
Appendix A: Snapshots of Students’ Work & Submissions

Submission Edit Submission view Grade Previous submissions list

Submitted on Monday, 10 August 2015, 9:18 pm (Download)

Search Word in a String

1 public class SearchStringEmp{
2 public static void main(String[] args) {
3 String strOrig = "Hello readers";
£ int intIndex = strOrig.indexO0f("Hello");
5 if(intIndex == - 1){
6 System.out.println("Hello not found");

7 }else{

8 System.out.println("Found Hello at index "
9 + intIndex);
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Submission Edit Submission view Grade Previous submissions list

Submitted on Thursday, 13 August 2015, 9:20 am (Download)

Summation of nth Numbers

import java.io.IOException;

1

2

3 public class AdditionStack {

- static int num;

5 static int ans;

6 static Stack theStack;

7 public static void main(String[] args)
8 throws IOException {

9 num = 50;

10 stackAddition();

11 System.out.println("Sum=" + ans);
12 }

13 public static void stackAddition() {
14 theStack = new Stack(10000);

15 ans = 0;

16 while (num > @) {

17 theStack.push(num);

18 =-=num;

19 }

20 while (!theStack.isEmpty()) {

21 int newN = theStack.pop();

22 ans += newN;

23 }

24 }

25 }

26
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—

27 class Stack {

28 private int maxSize;
29 private int[] data;
30 private int top;

31 public Stack(int s) {

32 maxSize = s;

33 data = new int[maxSize];
34 top = -1;

35 }

36 public void push(int p) {
37 data[++top] = p;

38 }

39 public int pop() {

40 return data[top--];

41 }

42 public int peek() {

43 return data[top];

44 }

45 public boolean isEmpty() {
46 return (top == -1);

47 }

48 }
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Submission Edit Submission view Grade Previous submissions list

Submitted on Monday, 17 August 2015, 9:25 pm (Download)

Implementation of Stack

1 public class MyStack {

2 private int maxSize;

3 private long[] stackArray;

& private int top;

5 public MyStack(int s) {

6 maxSize = s;

7 stackArray = new long[maxSize];
8

top = -1;
9 }
10 public void push(long j) {
11 stackArray[++top] = j;
12 }
13 public long pop() {
14 return stackArray[top--];
15 }
16 public long peek() {
17 return stackArray[top];
18 }
19 public boolean isEmpty() {
20 return (top == -1);
21 }
22 public boolean isFull() {
23 return (tgp — maxSize - 1);
24 }
25 public static void main(String[] args) {
26 MyStack theStack = new MyStack(10);
27 theStack.push(10);
28 theStack.push(20);
29 theStack.push(30);
30 theStack.push(40);
31 theStack.push(50);
32 while (!theStack.isEmpty()) {
33 long value = theStack.pop();
34 System.out.print(value);
35 System.out.print(" ");
36 }
37 System.out.println("");
38 }
39 }
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Appendix B: How Lecturer Assigned Tasks in Virtual Lab

2 @ Write a Java program that use method for Edit~ &
calculating Fibonacci series »*

+ % Write a Java program that use method for Edit~ 5 &
calculating Factorial of a number ,*

+ @ Create Shapes with Applets »° Edit~ &
=l

+ %:d Virtual Lab Experience ,* Edit~ &

4 ) Methods Edit~ &

<4 Add an activity or resource

2 O
Java Applets ®
Applets
o
% €8 \vrite a simple Java program that create different Edit~ &
shapes using Applet »*
[E=l
+ M Java Applets »* Edit~ &
4 &) Java Applets Edit~ &

< Add an activity or resource

To assign task: Click on add an activity or resource then the window below
will appear.
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&

Add an activity or resource

Vel QO9TWY T VaIUG, | HN'U"IHJ

_6,' gvew:al:n ACTIVITIES VPL is a activity module for Moodle that
. Overloading
o O \J;l Assignment manage programming assignments and whose
@ salient features are:
O Chat
+ % Write a Java program t » Enable to edit the programs source code in
calculating Fibonacci series O 6? Choice the browser using an applet
‘*. % * Students can run interactively programs in
i =
=5 Write a Javaprogramt - & Database the browser
calculating Factorial of a nu E@  You can run tests to review the programs.
(@) External Tool « Allows searching for similarity between
+ % Create Shapes with Ap % flles.
I % Virtual Lab Experience O Forum * Allows setting editing restrictions and
[ avoiding external text pasting.
% @ Methods O [%f Gossary
Basic definition of a Virtual Programming Lab
O %E’ Lesson activity
4 O m Quiz To access other options, a basic definition must
= = be saved first.
Java Applets O B scorm package

Constraints for the submission can be set in the

Applets O Eﬂh Survey Submission restrictions panel:
o @ % Virtual programming lab * Maximum number of files to be submitted.
You can set the file names at the
+ ﬁ_ﬁl Write a simple Javapre O % Wiki "requested files" tabs.
shapes using Applet ,* o & * Submission available only by means of the
& % Workshop restricted Code Editor. If you set this
Java Applets »* option, you can't upload files or paste text
RESOURCES
+ 6 Java Applets 2 from outside the code editor.
= * Maximum upload file size.
Add Cancel

On the plugin’s panel, select the Virtual programming lab and click on Add
button, then the window below will appear enabling you to assign

programming task.
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1 Adding a new Virtual programming lab to Methods®

~ General

Name*

Short description

Full description

Display description on course page

®

» Submission period

» Submission restrictions

» Grade

» Common module settings

jram that use method for calculating Fibonacci series

Fibonacci series

v | B | ] ||E|iE||L |2 |R| O W P>

Write a Java program that use method for calculating Fibonacci series

There are required fields in this form marked *.
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Appendix C: Visual Relationship Between LMS and Virtual Lab

b My profile
¥ Current course
¥ CS202
¥ Participants

File > Edit > Options > Fullscreen Run Debug Evaluate Console About

...acci of n Series %

1 public class MainClass {

4
Badges 2 public static long fibonacci(long number) {
> General 3 if (Cnumber == @) |1 (number == 1))
» Java Strings ; EIS’:etur‘n number;
» Data Structure 6 return fibonacci(number - 1) + fibonacci(number - 2);
» Program Control Flow « oo ) . ) )
- 8 public static void main(String[] args) {
Methods 9 for (int counter = @; counter <= 10; counter++){
&l, Write a Java program that use 10 System.out'.printfg"Fibonacci of %d is: %d\n",
method for calculati... E ) counter, fibonacci(counter));
® Description 13 1
® Submission 14}
® Edit

Submission view
Previous submissions list
Submissions list
Similarity

LMS left panel and ‘Virtual Lab’ displayed as a window on LMS, on the right panel

The virtual lab is embedded on LMS using the VPL plugin to provide virtual

lab as an activity resource on the LMS.
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Appendix D: Snapshots of Students Interview Transcription from Nvivo

and Text Extracts

® NVivo File Edit Create Data Analyze Query Explore Layout View Window Help 9 O M= 6% Sat 3:25 PM  Joel Gogwim Q.
® 06 © Virtual Lab
CIID create Data  Analyze Query Explore Layout <
SOURCES Name a Nodes | Refere...  Created On Created By | Modified On Modified By
(g ) Experience with the VPL 11 70 10/1/15,10:21PM J 10/1/15, 10:23 PM J
(3 Externals [} Students Interview 0 0 9/26/15,11:31 PM J Today, 3:21 PM ]
£ Memos &) Virtual Lab Logs Chat se... 11 64 8/26/15,11:13 AM J 8/26/15, 11:14 AM J
[ virtual Lab Questionnair... 0 0 10/10/15,10:47 PM J 10/10/15, 10:47 PM J
@ NODES [Z) Students Interview () Edit
(@ Nodes
(i Node Matrices
@ CLASSIFICATIONS
(i Source Classifications
(5 Node Classifications
# COLLECTIONS 00:01:22.9
B QUERIES Mttt Abanbhod s o by s aba [T TR RN TN TP | [ ST PAT) Ltk
[0 Queries Ooop M M <« 11 » M M Speed 00:00:000 00:01:00.0 00:02:00.0  00:03:00.0 00:04:00.0 00:05:00.0 00:06:00.0 00:07:00.0 00:08:00.0
(q Results Start Time End Time Transcript Speaker
00:00:07.7 00:02:27.6 The virtual lab was very easy to access; however there was a network Student1
i.e. the Internet The virtual lab was very easy to
use. The virtual lab is a good idea that enables me to practice program
coding at leisure time and I actually work on my exercises while on
transit. It is an opportunity to put down ideas in practice as they come
at any time and encourages more practice; and I gain more skills on
programming using the virtual lab. I prefer the virtual lab environment
to the traditional lab because in virtual lab | am at ease unlike the
tension attached to the normal traditional lab and in virtual lab
environment [ express myself better. | recommend improvement on
the network quality.
00:02:27.7 00:05:08.1 The virtual lab was easy to access, however there was network Student2
problem.The virtual lab was easy and friendly to use. It is good and it
will help students to practice program coding more. Itis an
opportunity to practice program coding and is a welcome development.
I preferred and recommend the virtual lab because it can be access
anywhere anytime compare to the traditional lab where every student
has to come to the lab.
OFENIIEMS 00:05:10.4 00:08:02.5 The virtual lab was quite easy to access by typing in my login details Student3
= then instantly | was able to access the VPL environment. The virtual
{E; Students Interview + - E W [P B () synchronize
o SOURCES » (g Internals » [} Students Interview

1: Snapshots of Students Interview Transcription Inside Nvivo
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Speaker: Studentl
Transcript

The virtual lab was very easy to access; however there was a network
challenge i.e. the Internet connection. The virtual lab was very easy to
use. The virtual lab is a good idea that enables me to practice program
coding at leisure time and [ actually work on my exercises while on
transit. It is an opportunity to put down ideas in practice as they come
at any time and encourages more practice; and [ gain more skills on
programming using the virtual lab. I prefer the virtual lab environment
to the traditional lab because in virtual lab | am at ease unlike the
tension attached to the normal traditional lab and in virtual lab
environment | express myself better. | recommend improvement on
the network quality.

Speaker: Student2

Transcript
The virtual lab was easy to access, however there was network

problem.The virtual lab was easy and friendly to use. It is good and it
will help students to practice program coding more. [tis an
opportunity to practice program coding and is a welcome development.
[ preferred and recommend the virtual lab because it can be access
anywhere anytime compare to the traditional lab where every student
has to come to the lab.

Speaker: Student3
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Transcript
The virtual lab was quite easy to access by typing in my login details

then instantly | was able to access the VPL environment. The virtual
lab is very friendly but | will also like to add that there may be a few
limitations that I notice like not having the full compiler as on desktop.
It is good for testing programs on the move, that is, | could have an idea
that comes to mind | can just type (write the code) and testit, I can do
this any time as long as | have Internet access. Using the virtual lab will
improve my programming skills very well. | definitely preferred the
VPL because of easy accessibility, and issue of having hardware
(computers in a traditional lab) is a problem, while with VPL either
with a phone or any capable device | can have access to a full
programming compiler (environment) that | can find my programs.
Cost-wise the VPL is very cost-effective because we will not have
individual system to serve individual students; students can bring
their systems not necessarily computer systems but their tablets or cell
phones. | will really urge the University and the department to take
this very seriously to go beyond just one programming language (i.e. it
should not be limited to only Java programming language) to cover all
the programming languages they are teaching in the computer science
and that will be the major advantage.
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Speaker: Student4
Transcript

Accessing the virtual lab for my Java programming activities was very easy
because connecting to the virtual lab was achieve even with my mobile
device. What I need is only Internet connection. Using the virtual lab was
amazingly easy to use; at the begging I thought it would be difficult to us.
It i1s quite user-friendly and nice for program coding. The virtual lab
experience was a wonderful one that I wish to use the virtual lab for all my
programming courses in the department. Using the virtual lab for our
exercises open my eyes to a new way of practicing programming and the
instant feedback from the lecturer help me to correct my mistakes.
Obviously the use of the virtual lab promote my Java programming skills.
The virtual programming lab is far far better than our computer lab because
not all students will get a computer in our lab to use at the same time but
virtual lab can be access by many students at the same time. I will like the
department to make sure all our lecturers use the virtual programming lab
to teach all our courses. And the university should help the department to
achieve this.

Speaker: Student5
I was able to access the virtual lab easily each time I want to use it to do my

exercises or practice program coding. Using the virtual lab was easy for me
to write programs and test them. The experience was a nice one. Each time

I use the virtual lab, I feel as if the lab is on my laptop not being remote.
The virtual lab is quite valuable for learning programming as students. It is
a good technology for practicing Java programming because students can
access it any time they want to do program coding as they wish. Using the
virtual lab enable me to practice a lot of things on my own apart from the
exercises given; and this really improved my programming skills. If we can
use the virtual lab throughout to our final year, I am very sure all of us will
be gurus in programming because our lecturers will find it easy to advice
and guide us in the virtual lab. Use of the virtual lab is a good development
for us students because we don’t need to assemble ourselves in a computer
lab with few computers that cannot even go round all students. Using the
virtual lab will also save cost for the university in buying expensive
computers to equip labs. It was very clear that using the virtual lab for our
practical classes, we were able to gets our lecturer attention more, so I
recommend the adoption of this important concept.

Speaker: Student6
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The virtual programming lab was accessible all the time and anywhere that
a choose to use it to practice programming. Using the virtual lab is as easy
as using Facebook. There was no difference writing and running programs
inside the virtual lab and doing same in our usual computer lab. The virtual
lab is very interesting because I can use it to learn programming on my
own. Using the virtual lab encourage students to spend more time practicing
programming at their leisure time. Since more time is spend practicing
programming in the virtual lab, more skills are also acquired at the end by
students; and this make us better future programmers. The virtual lab is
good for our large classes because we students can work independently in
the virtual lab without queuing for computers to use. I prayed that may the
department allow us to continue to use this virtual programming lab for all
our programming courses so that we can have more time for hands-on
programming practice.

2: Text Extracts of Students Interview Transcription Inside Nvivo
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Appendix E: Snapshot of Lecturer Interview Transcription from Nvivo
and Text Extracts
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(gl Node Classifications | 5.00:01.1 00:04:57.8 What can you say about the accessibility of the virtual lab? Lecturer
The virtual lab is accessible anytime anywhere as long as you have login
# COLLECTIONS details; with the virtual lab I was able to set Java programming assignments
B QUERIES for students and check their submissions using my iPad. How easy was
8 ) using virtual lab since this is your first time to use it for teaching?
@ Queries Using the virtual lab was surprisingly very simple. I was able to view and
[q Results comments on students” lab activities online even at home. Did the virtual
programming lab environment enable you to manage your practical
classes?
The virtual programming lab environment is an ideal lab for contemporary
program coding teaching and learning because assisting learners in the
virtual lab environment is much easier for a large class compare to normal
lab. T was able to attend to each student in the VPL environment. Also the
virtual lab activities encourage introverts” students to talk online.
Scaffolding students” lab activities in the virtual lab was lovely because they
received instant feedbacks. With your experience now can you consider
the virtual lab useful? I must confess that the virtual lab experience has
shaped my pedagogical thoughts and approach to teaching programming
courses. The virtual lab is very useful especially for large classes and for
teaching computer age students who like self-pace and independent practice.
Do you have any comment or recommendation about the virtual lab?
The virtual lab is the way forward for our department in teaching all
programming courses because we cannot be able to conduct all
programming practicals in our small physical computer lab that have few
systems.
T will recommend the full usage of the virtual programming lab to my head
of department (HOD) for implementation. The virtual lab could also be use
by other science department for conducting their practicals.
OPEN,"EMS The virtual programming lab is an opportunity to explore delivering
computer science as a distance-learning program me in the department.
(2D +Students Iterview Using virtual lab for our courses will definitely improve our students’
practical programming skills.
E sLecturer Interview + = E B [HP B E | Oseronze
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Transcript

What can you say about the accessibility of the virtual lab?

The virtual lab is accessible anytime anywhere as long as you have login
details; with the virtual lab I was able to set Java programming assignments
for students and check their submissions using my iPad. How easy was
using virtual lab since this is your first time to use it for teaching?
Using the virtual lab was surprisingly very simple. I was able to view and
comments on students’ lab activities online even at home. Did the virtual
lab environment enable you to manage your practical classes?

The virtual Jab environment is an ideal lab for contemporary program
coding teaching and learning because assisting learners in the virtual lab
environment is much easier for a large class compare to normal lab. I was
able to attend to each student in the VPL environment. Also the virtual lab
activities encourage introverts’ students to talk online. Scaffolding students’
lab activities in the virtual lab was lovely because they received instant
feedbacks. With your experience now can you consider the virtual lab
an opportunity to enhance learners' programming skills? I must confess
that the virtual lab experience has shaped my pedagogical thoughts and
approach to teaching programming courses. The virtual lab is very useful
especially for large classes and for teaching computer age students who like
self-pace and independent practice.

Do you have any comment or recommendation about the virtual lab?
The virtual lab is the way forward for our department in teaching all
programming courses because we cannot be able to conduct all
programming practicals in our small physical computer lab that have few
systems.

I will recommend the full usage of the virtual programming lab to my head
of department (HOD) for implementation. The virtual lab could also be use
by other science department for conducting their practicals.

The virtual programming lab is an opportunity to explore delivering
computer science as a distance-learning program me in the department.
Using virtual lab for our courses will definitely enhance| our students’
practical programming skills.

2: Text Extracts of Lecturer Interview Transcription Inside Nvivo
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CS202
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Badges 11:50: Student2 Student2 has just entered this chat
General
INTRODUCTION TO JAVA 11:51 Student2: | learned that this virtual lab we are using is just a test but | love if the department could fully
PROGRAMMING easy to learn programming. At least | can test my program codes, debug them many times repeatedly
VARIABLES, DATA TYPES, AND 11:53: Student6 Student6 has just entered this chat
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al 11:53 Student6: The beauty of this virtual lab is that | can use my phone to access it and code my programs.
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Node Matrices easy to learn programming. At least | can test my program codes, debug them many times repeatedly
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11:53 Student6: The beauty of this virtual lab is that | can use my phone to access it and code my programs. Why is it that is only limited to Java
B queries umbers Programming Language?
Pn 11:55: Student3 Student3 has just entered this chat
he chat 11:55 Student3: The advantage of this VPL for us students is that at our pace we can immediately code and test ideas as they come to mind
and this way definitely my programming skills will improve with constant practice.
e 11:59: Student4 Student4 has just entered this chat
12:00 Student4: | am proud to be part of those involve in this VPL exercises. This has improve my program coding skills in Java. | was able to do
more other things in the virtual lab apart from the assignments given to us. This was possible becuase | could login to the VPL at my free times
Fow and practice.
12:01 Student4: We need more of this as students to perfect our programming skills
12:03: Student5 Student5 has just entered this chat
12:03 Student5: | look forward to when we can write our exams using the Virtual Lab to answered program coding questions as part of our
Compter Based Testing (CBT) exams.
T orenmems | 12:04 Student5: All our lecturers should be encourage to use this VPL for teaching all their courses that involve programming.
@ Virtual Lab Logs Chat sessions 12:05 Student5: Usina this. we the students will have more practical exoerience and skills
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Virtual Lab Experience

lDisplay replies in nested form :l lMove this discussion to ... :] Move

W My experience with the VPL

by Student3 Student3 - Monday, 24 August 2015, 11:05 pm

ing Skl Acqui..
§ Pogrmiy ks d The virtual programming lab is a wonderful experience for me; | could imagine running programs online using my PIPO Android tablet.

(0) Recommendation for Virt. | am convinced that by using the VPL, it is possible to teach Computer Science courses fully online using eLearnng for distance education,
() Student Engagement Doing the activities in the Virtual Lab was more interesting than the usual physical lab method that is full of distractions and limited time
o — access to the lab for one to complete his assignments and test them properly before submission.
Virtual Lab Accessibility
[ recommend that the university should encourage the use of the VPL for teaching programming courses in the department.

@Bwlemwlﬂlﬁnvn
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[ Results ce
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() Recommendation for Virt...
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(D) virtual Lab Accessibility
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g voues
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[ Results

OPEN ITEMS
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() Programming Skills Acqui...
() Recommendation for Vit...
(D Student Engagement

(O Virtual Lab Accessibility
= )

Re: My experience with the VPL
by Student4 Student4 - Monday, 24 August 2015, 11:07 am

Working in the virtual lab environment has no tension and fear like the traditional computer lab. At anytime | can do my exercises
independent of other students and | can decide to spend more time practicing coding on my own.

This development should be encourage and put to use, no going back. My experience with the VPL was worthwhile and | like it. My
friend who did not participated in this VPL exercises envy the six of us having access to the VPL environment

Show parent | Edit | Split | Delete | Reply

Re: My experience with the VPL
by Student5 Student5 - Monday, 24 August 2015, 11:09 am

My experience with the virtual lab was encouraging for me because | was able to practice repeatedly and gain more
confident as programming students. | will appreciate if our student programming club could adopt this VPL as a practice
environment that hopefully will train us to be good programmers.

Show parent | Edit | Split | Delete | Reply

Re: My experience with the VPL
by Student! Student1 - Tuesday, 25 August 2015, 11:12 am

Re: My experience with the VPL
by Student4 Student4 - Monday, 24 August 2015, 11:07 am

Working in the virtual lab environment has no tension and fear like the traditional computer lab. At anytime | can do my exercises
independent of other students and | can decide to spend more time practicing coding on my own.

This development should be encourage and put to use, no going back. My experience with the VPL was worthwhile and | like it. My
friend who did not participated in this VPL exercises envy the six of us having access to the VPL environment.

Show parent | Edit | Spiit | Delete | Reply

Re: My experience with the VPL
by Student Student5 - Monday, 24 August 2015, 11:09 am

My experience with the virtual lab was encouraging for me because | was able to practice repeatedly and gain more
confident as programming students. | will appreciate if our student programming club could adopt this VPL as a practice
environment that hopefully will train us to be good programmers.

Show parent | Edit | Spiit | Delete | Reply

Re: My experience with the VPL
by Student1 Student1 - Tuesday, 25 August 2015, 11:12 am

162



@ CLASSIFICATIONS
# COLLECTIONS

[ QuERIES
() Queries
(g Results

OPEN ITEMS
v
0 Programming Skills Acqui...
() Recommendation for Virt...
() Student Engagement

() virtual Lab Accessibility

&) Experience with the VPL

Q The virtual lab is a friendlly practicals environment that enable self-practice at any time and place as long as there is connection,
The virtual lab activities allow us as students to share ideas via chats and forum like this discussing the VPL experience.

Show parent | Edit | Spit | Delete | Reply

Re: My experience with the VPL
by Student6 Student6 - Tuesday, 25 August 2015, 11:11 am

Working in the virtual lab is the best for any programming practice or learning. However the compilers should include other
languages like PHP, C++, etc so that we can continue to use the VPL for all our programming lab activities. Even on transit | was able to
pre access the Virtual Lab.

Show parent | Edit | Spiit | Delete | Reply

Re: My experience with the VPL
by Student2 Student2 - Monday, 24 August 2015, 11:04 pm

My experience with the virtual lab environment was quite engaging. It is the best thing that can happen to any computer science
student. | wish all our mates experience this VPL environment, it is quite rewarding to practice program coding and debug errors online
seamlessly. This is a great ICT tool that can be use for large classes where attending to all students just in one class at a time is not
possible. Is an opportunity for shy students to express themselves too

Snapshots of NCapture Forum Log Data Imported into Nvivo
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Appendix H: Word Trees of Students’ Interview Transcription
Highlighting Relevant Statements

because it can be access anywhere anytime compare to the traditional lab where every
the tension attached to the normal traditional lab and > /
m

I express myself better . I recommend improvement on the net
> virtual lab environment to the traditional lab because environment <

to the traditional lab because in virtual lab I am at case unlike

was able to access the VPL environment
\ / I am at case unlike the tension attached to the normal traditional lab and

on . The virtual lab was very casy touse — = ..
/ agood idea that enables me to practice program coding at leisure fime

A :
thc VIrtual @ = \ very friendly but T will also like to add that there may be

ik challenge i.c . the Internet connection

velcome development . I preferred and recommend ‘

— and friendly to use . It is good and it will help students
ills on programming using the virtual lab . I prefer easy '<
to access , however there was network problem. The virtual
[ gain more skills on programming
> Using was quite easy to access by typing in my login details then instantly I

- as long as [ have Internet access .
access ; however there was a network challenge 1.c
very easy to <

1 lab was casy to access , however there was network problem. The
use . The virtual lab is a good idea that enables

will improve my programming skills very well . I definitely preferred the VPL because ¢

2 Students Interview Word Treel

P Text Search Criteria { Run Query ¥ ( Save Results... | Save Query...

Summary Reference

Context (words) 12 e e

be difficult to us . It is quite user - friendly and nice for < The virtual lab experience was a wor

Using the virtual lab was easy for me

and is a welcome development . I preferred a:

time I want to use it to do my exercises or \

:e program coding more . It is an opportunity

practice © program coding

The virtual lab is a good idea that enables me | to ¢ as they wish . Using the virtual lab enable me
to use . It is good and it will help students  at leisure time and I actually work on my exe
programming because students can access it any time they want to do more . It is an opportunity to practice progra

D QUERIES » fb Queries » g Students Interview Word Treel
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while on transit . It is an opportunity to put down ideas in ; and I gain more skills on programming using the virtual la

tice program coding more . It is an opportunity as they come at any time and encourages more practice ; ar

L}
. The virtual lab is a good idea that enables me- / “ fo | praCthC and is a welcome developmer
endly to use . It is good and it will help students ‘ A

program coding. \ atleisur time and I actually

1 practice as they come at any time and encourages more more . It is an opportunity to

- on my exercises while on transit . It s an opportunity o put down ideasin. ; and I gain more skills on programming using the virtual

p students to practice program coding more . It is an opportunity asthey come at any time and encourages more practice ;

\ \
very easyto use. The virtuallab s 2 good idea that enables me =7 £0 7 praCtlce < and s a welcome developm

was easy and friendly to use . It s good and it wil help students program COding at leisure time and I actuall

0 put down ideas in practice as they come at any time and encourages more

ansit . It is an opportunity to put down ideas in
n coding more . It is an opportunity \

more . It is an opportunity

; and I gain more skills on programming
} as they come at any time and encourag

.
(I labis a good idea that enables me ll_ to practice 4 andisav
:.Itis good and it will help students ‘ ‘ program coding <— a¢leisure
1s they come at any time and encourages more ~more . It

ave more time for hands- on programming

alot of things on my own apart from the exercises given ; and this really
; . )
| tO‘ ‘ praCtlce Y program coding . Using the virtual lab was easy for me to write programs:
= J

‘anywhere that a choose touse it
. Using the virtual lab enable me-

programming , Using the virtual lab is as easy as using Facebook . There w
ch time T want to use it to do my exercises or
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ccess . Using the virtual lab will improve my programming ~ kil on programming using the virtual lab . I pref
SKI1US

tany time and encourages more practice ; and [ gain more very well . I definitely preferred the VPL beca

from the exercises given ; and this really improved my ~ . 7~ I we can use the virtual lab throughout
| , o N g s

. Obviously the use of the virtual lab promote my Java SK1LS \ The virtual programming lab is far far b

1e . Since more time is spend practicing programming in the virtual lab , more are also acquired at the end by students ; and th

am the exercises given ; and this really improved my If we can use the virtual lab throu

> programming =~ skills < <

Since more time is spend practicing programming in the virtual lab , more are also acquired at the end by students ;

Ibviously the use of the virtual lab promote my Java The virtual programming lab is fa

oved my > . If we can use the virtual lab throughout to our final year , I am very
PrOgramming ~ ' q e . <
my Java Skllls The virtual programming lab is far far better than our computer lab because not all

mming in the virtual lab , more are also acquired at the end by students ; and this make us better future programmers .

access . Using the virtual lab will improve my programming Kill __~ on programming using the virtual lab . I pref
SK1lS

at any time and encourages more practice ; and I gain more very well . I definitely preferred the VPL bece

Word Trees of Students’ Interview Transcription highlighting relevant statements

made by the students during the interview.
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Appendix I: Word Trees of Lecturer’s Interview Transcription
Highlighting Relevant Statements

. Using virtual lab for our courses will definitely enhance our students ” practical ; :
 / programming skills —

rienice now can you consider the virtual lab an opportunity to enhance learners

use we cannot be able to conduct > assignments for students and check their submissions using my iPad .
all

d for our department in teaching < . The virtual lab is very useful especially for large class

courses

Is; with the virtual lab I was able to set Java

because we cannot be able to conduct all programmir

1gogical thoughts and approach to teaching ~\ 0 is an opportunity to explore delivering computer science a
programming |- <
ill definitely enhance our students ’ practical to my head of department ( HOD ) for implementation . *
mmend the full usage of practicals in our small physical computer lab that have few systems ..
> The virtual
ducting their practicals. .
<
The virtual lab environment is an ideal lab for contemporary coding teaching and learning because

S program U

o explore delivering computer science as a distance - learning me in the department . Using virtual ]

sable to set Java & - because we cannot be able to conduct al programming practicals in our small physical computc

sach to teaching 0 is an opportunity to explore delivering computer science as a distance - learning program me in the
programming <

thance learners' to my head of department ( HOD ) for implementation . The virtual lab could also be use by

dents’ practical practicals in our small physical computer lab that have few systems . I will recommend the full usage

> The virtual skills e

? I must confess that the virtual lab experience has shaped my pedagogical thoughts and approach
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Summary  Reference

Context (words) 11 e sy

programming courses because we cannot be able to conduct > assignments for students and check their submissions usiny
all

lab is the way forward for our department in teaching < . The virtual lab is very useful especially for
courses

details ; with the virtual lab I was able to set Java because we cannot be able to conduct all p

erience has shaped my pedagogical thoughts and approach to teaching enable you to manage yo
0 environment
few systems . T will recommend the full usage of programmlng b is an ideal lab for contem
v a
1ent enable you to manage your practical classes ? " is an opportunity to explore delivering comput
7 The irtual
students’ lab activities online even at home . Did 7 to my head of department ( HOD ) for implem

ience department for conducting their practicals . practicals in our small physical computer lab that have fey

virtual lab for our courses will definitely improve our students practical skills .

Word Trees of Lecturer Interview Transcription highlighting the lecturer’s statements

during the interview.

Appendix J: Word Trees of Forum Content Highlighting Relevant

Statements

August 2015, 11 : 11 am Working in the virtual lab is the best for any club could adopt this \
me because I was able to practice repeatedly and gain more confident as courses in the departn
202 Participants Badges General INTRODUCTION TO \ activities . I
. > JAVA | . lab _ o

| UniJos LMS programmmg isa won
PHP, C ++, etc so that we can continue to use the VPL for all our Language Home P> M
10re confident as programming students . I will appreciate if our student practice or learning . .
'nd that the university should encourage the use of the VPL for teaching students . I will apprec

Student3 Student3 - Monday , 24 August 2015, 11 : 05 pm The virtual VARIABLES , DAT/
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t2013, 11: 05 pm The virtual club could adopt this VPL asa practice environment that hopefully will train us to be good prog

UniJos LMS > courses in the department . Edit | Delete | Reply Move this discussion to ... Move Search forum
JAVA
DUCTIONTO activities . Even on transit I was able to access the Virtual Lab . Show parent | Edit
lab
inue to use the VPL for all our . is a wonderful experience for me ;I could imagine running programs online using m'
PECELAITUNE
te virtual lab s the best for any < /I | ) Language Home P My courses P Miscellaneous P> C$202 » METHODS P Virtual Lab Exp
he use of the VPL for teaching practice or learning . However the compilers should include other languages like PHP , C ++, ¢
lly and gain more confident as students . T will appreciate if our student programming club could adopt this VPL as a practice ¢
Twill appreciate if our student VARIABLES , DATA TYPES , AND EXPRESSIONS PROGRAM CONTROL FLOW ME
"YPES , AND EXPRESSIONS ~_ coding and debug errors online seamlessly . This is a great ICT to
r— . . program=. -

, it is quite rewarding to practice CONTROL FLOW METHODS Method for Calculating Fibona
re s connection , The virtual ab activites allow us s . will appreciate if our tudent programming club could adopt this
& repeatedly and gain more confdent as programming and 1 can decide to spend more time practicing coding on my own

 tat can be use for large clases where attending to al Stlldellts justin one classat a ime s ot posshle, 15 an opportunity for hy s

At anytime I can do my execises independent of other expres themselves too Show parent | Edit | Split | Dele
o

classat a tme s not possble, s an opportunity for hy share ideas via chats and forum Like this discussng the VE

I can decide to spend more time practicing disi ~_~ and debug errors online seamlessly . This is a great ICT t
co

t, it is quite rewarding to practice program ~on my own . This development should be encourage and

I can decide to spend more time practicing ~_ and debug errors gpling searnlessly

coding <

it , it is quite rewarding to practice program on my own . This development shoul

Word Trees of Virtual Lab Activities Forum Logs
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Appendix K: Word Trees of Chats Content Highlighting Relevant
Statements

Summary  Reference

Context (words) 12 e s

01 Student4 : We need more of this as students to perfect our 12 05 Student5 : Using this , we the students will have
aent could fully implement it , beacuse its make life easy to learn ‘ < Atleast I can test my program codes , debug them many
urage to use this VPL for teaching all their courses that involve instead of the noisy computer lab practicals 11 : 47 Student] : O
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UniJos LMS = \ will improve with constant practice . 11: 59 : Studer.

test ideas as they come to mind and this way definitely my VARIABLES , DATA TYPES , AND EXPRESSIONS Summa
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those involve in this VPL exercises . This has improve my program coding l 12:08:¢

lent5 : Using this , we the students will have more practical experience and = ) Continue
skills
‘We need more of this as students to perfect our pro E g | J in Java .1
‘ gramiming
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rfect our . 7 ) in Java . I was able to do more other things in the virtual lab apart from the assignments
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efinitely my will improve with constant practice . 11 : 59 : Student4 Student4 has just entered this chat
1 write our exams using > " apart from the assignments given to us . This was possible becuase I cot
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- of ) this
Thebeauty ~ S to answered program coding questions as part of our Compter Based T

171



-can freely practice my ‘ < 12 05 Student : Using this, we the students will have more practical expe

JUCTION //u. Atleast I can test my program codes , debug them many times repeatedly
> 10 -7 Java / ~
nly limited | s instead of the noisy computer lab practicals 11 : 47 Student! : Our HOD should pr
UniJos LMS

?11:53 : Student Student3 has just entered this chat 11 : 55 St
Language <
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1¢ to mind and this way definitely my 1203 : Studentd Student has just entered this chat 12 : 03 Student
ws

caching all their courses that involve will improve with constant practice . 11: 59 : Student4 Student4 has}

! /"
it , beacuse its make ife easy to learn ‘ / VARIABLES , DATA TYPES , AND EXPRESSIONS Summation of nth Numb

Word Trees of Virtual Lab Activities Chats Logs

Appendix L: Computer Lab Guidelines

The Computer Lab Rules and Guidelines
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Appendix M: Screenshots of Assigned Tasks

((_-/'I elearn.unijos.edu.ng/course/view.php?id=4 c \ ',O\ Search
UniJos LMS
Java Programming Language
Home My courses Miscellaneous CS202
NAVIGATION Blal This course introduces computer programming using the JAVA programming language
with object-oriented programming principles. Emphasis is placed on event-driven
Home programming methods, including creating and manipulating objects, classes, and using
® My home object-oriented tools such as the Applets, etc
) Site pages
> My profile @ Hello Program
¥ Current course
¥ CS202
) Participants
> Badges Java Strings
' General
) Java Strings
) Data Structure O
» Program Control Flow _;_l Write a progrm that will search for a word in a string
» Methods
) Java Applets
) Java Applets
» Topic 6
S Data Structure
b Topic 8 This topic will cover the following:
» Topic 9 )
_ 1. Identifier rules
» Topic 10

2. Naming variables, constants (final) and references
> My courses 3. Primitive data types

4. Arithmetic Operators

5. Assignment Operators

ADMINISTRATION =la) 6. Relational and Logical Operators
¥ Course administration
#’ Tum editing on g:! ) ) ) )
& Edit settings =5 Write a program in Java that print summation of nth numbers
b Users f_% Write a program that will implement stack
4. Unenrol me from CS202 Y
Y Fitters 9 Data Structure
» Reports Lﬁﬁl Data Structure
B Grades
) Badges

173



) Site administration

Methods

- This topic covered the following sections:

1. Java APl and Package/Library methods
2. User-defined methods

3. Scope and duration

4. Local and Field variables

5. Pass-by-value, Pass-by-reference

6. Recursion

7. Overloading

@ Write a Java program that use method for calculating Fibonacci series
@ Write a Java program that use method for calculating Factorial of a number
@ Create Shapes with Applets

Eﬂ Virtual Lab Experience

@ Methods

7. Overloading

@ Write a Java program that use method for calculating Fibonacci series
?A Write a Java program that use method for calculating Factorial of a number
_f_Q Create Shapes with Applets

@ Virtual Lab Experience

@ Methods

Java Applets

Applets

@ Write a simple Java program that create different shapes using Applet
Java Applets

@ Java Applets

Screenshots of assigned tasks

Key: %l Virtual Lab activity B Forum 2 1 Chats
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