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Abstract—In environmental engineering education at the 
undergraduate and postgraduate levels, laboratory exercises 
are a key component for a holistic learning experience. This 
project gives an outlook of online learning related research 
and teaching linked to a lab-based learning environment. 
The advent of the internet and online resources such as we-
blogs as a major communication methodology in higher 
education has showed a great deal of interest. In this project 
a further step into the realm of providing an online support 
system for student’s access to remote and distributed labo-
ratory facilities in water and environmental engineering 
modules has been conducted. The approach demonstrates 
the feasibility of using an online laboratory effectively which 
can enable learners to reinforce their learning through 
hands-on practicals and can also be carried out in a flexible 
environment. An online weblog related the research and 
interlinked teaching for water and environmental engineer-
ing modules which can be implemented in reforming a lec-
ture-based course for students undertaking water and 
wastewater engineering subjects.  

Index Terms—E-learning; Water; Environmental Engineer-
ing; Weblog; Virtual Online Environment; 

I. INTRODUCTION 

In a changing pedagogical climate revamping the ways 
in which engineering courses are taught is essential. Aca-
demic lecturers and professors in all fields of engineering 
need to place less emphasis on lectures and blackboard 
illustrations and more importance on realistic projects, 
group problem-solving exercises and the practicality 
within an engineering environment [1]. The main ambi-
tion and objective of changes in the engineering educa-
tional environment is giving the learners more hands-on 
experience with the types of problems and grouped-based 
approaches that they may encounter in their professional 
careers. However, with engineering modules, the learners 
spend a lot of time working in small groups at work-
benches, at computers or in physical laboratories solving 
problems, face-to-face lectures and supporting tutorials 
may still be necessary. Before students can be effective in 
conducting research and laboratory exercises they need to 
have the basic understanding of the problem domain and 
would require background knowledge and instruction on 
how to use the required tools at their disposal [1]. For lec-
tures and training in water and environmental engineering, 
some of the knowledge is gained through textbooks, 
course materials, handouts and demonstrations. Neverthe-
less the lecturer often best conveys the knowledge that is 

the most specific to the particular problem in traditional 
classroom settings.  

The global stretch of the Internet and its general accep-
tance in education has brought new opportunities when 
compared to traditional education. A vast set of instruc-
tional documents, video lecturers are currently available 
online. Lecturers can provide support to remote students 
using electronic mail (email) and video conference tools 
[2]. Traditional universities as well as emerging universi-
ties using virtual learning environments are responding to 
the evolution by proposing and assessing curriculum using 
available online technologies such as WebCT (Course 
Tools) or Blackboard Learning Systems. The learners and 
students in this modern generation today have grown up 
within a global presence of pervasive technologies includ-
ing mobile phones, digital cameras, laptops, notepads, 
blue-tooth which are all interconnected with the omni-
present Internet. Studies by Duffy in 2008 [3],  found stu-
dents to often blog playing games, listen to podcasts, in-
stant message friends, listen to music (iPods), author their 
own video from YouTube and collaborate on the creation 
of digital stories from their ePortfolio. The learners absorb 
information rapidly in images, videos, as well as text from 
multiple sources simultaneously [3]. However, the exposi-
tive engineering material provided online is often not suf-
ficient to support a complete learning experience in envi-
ronmental engineering and related engineering fields. 
Practice and real onsite experience is often key in becom-
ing an effective engineering professional. In response for 
the need of resources that provides a practical experience 
using online Internet based tools, I have developed a labo-
ratory support system using a weblog to enhance the 
pedagogical content of courses and topics in water and 
environmental engineering. This proposed infrastructure is 
sufficiently general to serve as a paradigm for use by other 
specialties in the civil engineering programme at The 
University of Salford including water resources, transpor-
tation and structures.  

II. LEARNING ACTIVITIES AND APPLICATION TO HIGHER 

EDUCATION   

Effective practice in an engineering learning environ-
ment can employ a range of pedagogic skills in brining 
out the best possible learning for the widest variety of 
students [4]. There are several issues to consider when 
designing activities to engage students further their devel-
opment. Figure 1 illustrates a model of learning activity 
design [4]. The students needs, motivation for learning, 
prior experience, skills and preferred method of learning,  
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Figure 1.  A model of learning activity design [4]  

styles and expectations are integrated with the learning 
outcomes (reason behind learning activities, goals and 
targets ); the learning environment (face-to-face or virtual) 
and people (peers, research collaborators, academics play 
an important role in supporting learners). Therefore a vir-
tual learning environment as illustrated in Figure 1, inter-
links the available resources, tools, and support services 
for the learners. Furthermore, Yang and Liu, in 2007 [5] 
found that a learning environment when support by a vir-
tual and face-to-face efficiency’s can be enhanced by the 
learning methods supported. The difference in the ap-
proach is not the technology individually but the learning 
methods enable and supported by virtual environments. 
Moreover, Brown, (2000) stated in 2000 [6] an article on 
learning in the digital age, that students or learners learn 
best by doing things in participation with others and 
knowledge can be distributed and constructed among peo-
ple which emerge from working collectively. Universities 
and institutions of higher education can transform them-
selves into better learning organisations which foster stu-
dents’ progression using virtual, web-based learning op-
portunities and augmenting but not replacing the conven-
tional and physical learning environment [6] (Brown, 
2000).  

Online-based virtual support systems can be designed 
to promote learners in exploring information freely, allow-
ing students to communicate with each other [7]. Such an 
environment can be used to transfer learning materials 
easily and promote the lecturer and students interaction 
instantly. A mutual support can be achieved by using 
online resources in improving students interactivity and 
encourage the learners to explore and communicate freely. 
Academic environments which support face-to-face tradi-
tional lectures can provide the most suitable learning ex-
perience with additional learning tools such as lecture 
videos, chat-rooms, discussing forums, and frequently 
asked questions (FAQ). With the development of websites 
and communication technologies, pedagogic strategies in 
the traditional lecture theater format can be support by a 
virtual learning environment. Moreover, Yang and Liu in 
2007 [5] found that some aspects of the virtual classroom 
that have led to its success as the most prolific learning 
environment includes:  
 Self-paced learning, (online learning is independent, 

students can pace the methods in which they learn the 

required materials and overcome learning obstacles 
such as anxiety, low esteem and dependence). 

 Promoting the interaction between lecture/professor 
and the learners, student and student, maximising 
participation of the online learner within the virtual 
environment. (Interaction can encourage the students 
to share their experiences and construct their own 
knowledge).  

 Assist the contextual learning and discussion. 
(Within learning activities, different students with 
various cultural backgrounds have diverse under-
standings and interpretation to the same knowledge) 

 

Provide live spontaneous learning resources for stu-
dents including feedback 

III. A VIRTUAL GATEWAY TO ENVIRONMENTAL 

ENGINEERING PHYSICAL LABORATORY 

Burke and Snyder in 2008, [8] affirmed that innovative 
and engaging teaching strategies are imperative in higher 
education courses whereby the world wide web generation 
seeks to be more engaged and motivated to learn. Creative 
lecture theater techniques incorporating technologies en-
courages a more productive, industrious and enriched en-
vironment [8]. Emerging technologies such as online 
video-sharing, websites and weblogs are important for 
both in-class and within the virtual classroom in establish-
ing a sense of teaching and learning community for 
achieve the best possible learning outcomes.  

A virtual gateway can be used to guide the user to the 
laboratory resources available. When a user enters the 
virtual laboratory using any Internet browser, they are 
presented with a variety of options to select.  A blog or 
weblog was developed for use as an online journal with 
contributions from students, lecturers and visiting re-
searchers. The address can be found at 
http://sustainableengineeringresearch.wordpress.com/. 

The weblog incorporates images, video content, journal 
papers and supporting learning documents in aiding the 
student’s learning abilities for teaching and practical ses-
sions within water and environmental engineering mod-
ules conducted at The University of Salford Manchester, 
Directorate of Civil Engineering. The online weblog pro-
vides several advantages over traditional websites can 
include:  
 Easy creation of new pages, data can be entered into 

blog site through a simple form and then submitted 
with the blogger (person adding the entry into the 
blog website), updating the blog with little or no 
technical background is required. 

 Filtering of content of various blog entries such as 
date, category, authors  

 The blog platform at wordpress allows the blog ad-
ministrator to invite and add contributing authors and 
researchers 

 The blog provides personal and group writing space 
that is easily accessible, sharable and automatically 
archived;  

 Opportunities to serve as a digital portfolio of stu-
dents’ assignments and achievements; 

 Ability to link and inter-link forming learning com-
munities  
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Potential benefits identified by Richardson in 2006, [9] 
in weblogs include the promotion of critical and analytical 
thinking, creativity, intuitive and associational thinking. 
Within the structure on the weblog, students can demon-
strate critical thinking, making sophisticated use of design 
elements in engineering. The growing popularity of we-
blogs suggests the possibility that some of the work stu-
dents are required to conduct in order to respond critically, 
write vigorously and read well can be accomplished under 
circumstances considerably different from those currently 
utilised in higher education [3].  

IV. PEDAGOGICAL APPROACH 

Remote experimentation in water and environmental 
engineering can be used regularly to complement teaching 
of related courses taught at Universities. The intention is 
to motivate, illustrate and enlighten the presentation of 
subject matter in wastewater and stormwater treatment 
which is also addressed in a traditional lecture classroom 
based setting. Students from civil engineering, civil and 
architectural engineering attend optional modules in their 
final year of the Bachelors of Engineering (BEng), Mas-
ters of Engineering (MEng) and Masters of Science (MSc) 
in Water, Waste and Energy at The University of Salford. 
The lecture for these modules range from 30 to 120 stu-
dents in a large auditorium and the remote experimenta-
tion facility links experiments currently being investigated 
and researched by these students. These projects are 
linked for in-class demonstrations, whereby students and 
researches access experimental facilities located at the 
third floor of the Newton Building, University of Salford 
Manchester. The students have ease of access to the we-
blog, which discusses and illustrates real experimental 
systems, laboratory procedures and examples used in the 
water and wastewater industry.  

V. THE DIDACTIC ENVIRONMENT AND EVALUATION 

The online virtual laboratory (Figure 2) is based at a 
weblog accessible to all students and researchers, where 
computers cooperate and network by sharing information 
over the Internet and by accessing the facilities which 
gives the relative information on the experimental equip-
ment or project being researched.  

The approach presented permits a two-way interaction 
because the students can effect real actuations on the we-
blog by monitoring the data and information present, in 
addition to adding comments and downloading relevant 
materials. On the experimental projects selection, learners 
can view or select the project they are investigating or 
would like to read about and are linked to materials taught 
for the water and wastewater engineering module. The 
additional options of “Literature”, “Research Staff” and 
“Contact” allows the learners, collaborators or researchers 
to have direct access to information related to the projects 
such as journal and conference papers, add their informa-
tion or get access to other researchers (both past and cur-
rent) and contact information in communicating effec-
tively over the weblog.  

Students were surveyed about the online e-learning we-
blog and conventional lecture sessions for a similar topic 
within the water and wastewater engineering module. Ac-
cording to the survey results as presented in Table I (from 
a sample number of 25 students within the civil engineer-
ing programme at the BEng and MEng levels), 90 % of  

 
Figure 2.  E-Learning environment of weblog screen capture 

students watched all supporting material on the weblog 
and 85 % students found that face-to-face lecturers sup-
ported by an online virtual learning environment was 
beneficial to their learning experience. For the standard 
evaluation presented in Table I, students were asked to 
rate four things about the online e-learning laboratory en-
vironment and their lecturer’s teaching style on the mod-
ule on a scale of 1-5 with 5 being the highest score. The 
ratings students gave to me (the instructor/lecturer) 
showed a marked improvement when comparing the 
online learning environment to the traditional face-to-face 
lecturers. When asked if it was easier in understanding the 
material taught whilst attending face-to-face lectures as 
compared to the e-learning environment, 70 % of the stu-
dents strongly agreed and 30 % agreed that there are ad-
vantages of the online virtual learning environment which 
included learning at their owns pace, the convenience of 
watching lecture material at their own schedule and at 
times that was most conducive to learning. However some 
students felt that more formal lectures and in a more fo-
cused setting of a live lecturer encourages them to pay 
fuller attention to the material being taught.  

Table II presents the feedback given from a sample of 
25 students who looked through and were part of the 
online-learning environment. The weblog is setup accord-
ing to the learning methods and strategies used in the 
physical laboratory and in the lecture theatre. It was used 
as the common ground for facilitating active learning. The 
25 students (learners) investigated the questionnaire and 
were involved both in the physical laboratory, the face-to-
face lecture sessions and gained information and data 
from the online weblog. The results compared their usage, 
effectiveness in learning and grasping concepts, ease of 
use, and did the information assist when the instructor was 
teaching. As Table II shows most of the learners think that 
the link of the weblog to their experimental projects is a 
very useful tool. A high proportion of the students admit-
ted that content, feedback, and notifications on the home 
page are essential and effective tools which assisted in 
their abilities to learn. However, the students are not ac-
customed to placing questions and discuss problems on 
the comments section of the blog and more than 50 % 
stated their preference of a private and secured questions 
and feedback section. The feedback/comments section 
would be required to be just-in-time feedback. A small 
portion of the learners think that the live homepage 
whereby newsfeed occurs would not be able to promote 
appropriate levels of interactivity and learning. Several 
students also suggested the requirements of more flexible 
and audio-visual communication tools on the blog.  
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TABLE I.   
AVERAGE STUDENT RATINGS GIVEN TO THE COURSE COMPONENTS 

COMPARING FACE-TO-FACE LECTURES WITH THE E-LEARNING ONLINE 
ENVIRONMENT (SAMPLE NUMBER N = 35, ON A SCALE OF 1-5, WITH 5 

BEING THE HIGHEST AND 1 THE LOWEST)  

Version of 
Water and 
Wastewa-
ter Engi-
neering 
course 

Learning 
Environment 

Usefulness  

Lecturer 
Responsive-

ness 

Recommend 
Instructional 
methods & 

course  

Recommend 
Instructor  

Face-to-
Face 

Lectures 
3.95 3.68 2.48 3.43 

Online E-
Learning 

Labs 
4.58 4.22 3.37 3.97 

TABLE II.   
STUDENT/LEARNERS EVALUATION RESULTS OF ONLINE VIRTUAL 

ENVIRONMENT (SAMPLE NUMBER N= 35, ON A SCALE OF 1-5, WITH 5 
BEING THE HIGHEST AND 1 THE LOWEST)  

Weblog 
Assessment 

  

Hom
e 

Page 

Experimental 
Projects 

Laboratory 
Support  

Access to 
Litera-

ture 
Material  

Content 
On-

Demand  

Feedback/ 
Com-
ments 

User Fre-
quency 4.32 4.21 4.81 3.67 3.32 

Interactivity 4.12 3.38 4.08 2.42 2.65 

Effectiveness 3.21 3.95 4.22 3.11 3.21 
Enjoyable to 

Use 4.54 4.14 4.14 4.23 3.76 
Helpful in 
Teaching 3.76 4.32 4.03 4.41 3.41 

Mean (Aver-
age) 3.99 4.00 4.26 3.57 3.27 

TABLE III.   
ACADEMIC PROFESSORS FROM UNIVERSITY OF SALFORD, POLISH 
ACADEMY OF SCIENCES, WARSAW, COVENTRY UNIVERSITY AND 

CARDIFF UNIVERSITY EVALUATION RESULTS OF ONLINE VIRTUAL 
ENVIRONMENT (SAMPLE NUMBER N= 5, ON A SCALE OF 1-5, WITH 5 

BEING THE HIGHEST AND 1 THE LOWEST) 

Weblog 
Assessment 

  

Home 
Page  

Experimental 
Projects 

Laboratory 
Support  

Access to 
Literature 
Material  

Content 
On-

Demand  

Feedback 
/Comment

s 

User 
Frequency 3.62 3.11 4.81 2.23 3.54 

Interactiv-
ity 4.10 3.26 4.08 2.42 2.79 

Effective-
ness to 

Learning 
3.01 3.56 4.22 3.11 2.82 

Enjoyable 
to Use 3.31 3.24 4.14 4.23 3.06 

Helpful in 
Teaching 3.54 2.82 4.03 4.41 3.85 

Mean 
(Average) 3.52 3.20 4.26 3.28 3.21 

 
According to Table III, most of the academics in civil 

and environmental engineering agree that the home-
page/newsfeed broadcast is a valuable tool in the virtual 
laboratory. The materials available to the learners can ef-
fectively control the teaching, discussion and learning 
process within the virtual learning environment just as in 
the traditional lecture theatre. The academics do not like 
complex ways of operating a weblog and most of them 
found it easy to use because of the blog’s operating sys-
tem and can aid in their teaching. Furthermore, the aca-
demics assessment of the online system found that the 
content-on-demand and feedback/comments section for 
contextual discussions forums will be helpful to the stu-

dents and requires more input. Most of the academic lec-
turers thought that a discussion forum on the weblog for 
problems occurring in the laboratory can help students 
relax, reducing anxieties and increasing their self-
confidence. However, feedback from the questionnaires 
stated that most students and lecturers do not feel adapt-
able when they only use a virtual learning environment as 
the main educational tool and recommended that it must 
compliment face-to-face communication and discussion. 
Nevertheless, the academic professors found that the we-
blog can effectively support students’ abilities to learn 
from a very practical and hands-on module and efficiently 
promote the learning process successfully.  

VI. CONCLUSION 

In this paper a lab-based learning environment using an 
available e-learning system has been proposed. An online 
prototype environment for offering water and environ-
mental engineering services to remote learners demon-
strates the feasibility of using the Internet in providing 
experimental resources in real time. The weblog allows 
for traditional use whereby the learners logs into an online 
internet server and can remotely access the demonstrations 
and contents. It has been shown that the proposed system 
can facilitate the design and deployment of lab-based 
courses in environmental engineering. The potential use of 
weblogs as a support system to traditional in-class lectures 
is promising. Different users have different ideas regard-
ing learning environments in a virtual learning space. Ac-
cording to the investigations, lecturers are accustomed to 
controlling the learning and lectures/teaching processes 
and implementing face-to-face activities, remote learning 
for the online environmental engineering virtual labora-
tory has shown to get a more widely learning space and 
the ability to control students (learners) individual learn-
ing pace. The online virtual laboratory for projects in wa-
ter and environmental engineering has shown additional 
benefits over the face-to-face traditional education; how-
ever a number of functions need to be improved in the 
system to be fully effective for the best learning environ-
ment for students. Remote experiments in water and envi-
ronmental engineering is not limited to education only, but 
can be applied in research and industry where remote ac-
cess represents an essential opportunity in meeting the 
growing needs of scientist and engineers in the environ-
mental sectors whom wish to share unique or expensive 
equipment, and enable to support engineers/scientist in 
operating equipment located in remote facilities.  
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