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2
TEACHING UNDERGRADUATE 
CHEMISTRY BY DISTANCE AND ONLINE

Lessons From the Front Line

Peter Lye and Erica Smith
University of New England

Abstract

At the University of New England, in regional Australia, it is possible to complete 
a science-based bachelor’s degree by distance. We fi rst began teaching chemistry by 
distance in 1992 and over the past 20 years have gained immeasurable experience in 
delivering distance courses, working with distance students, and covering laboratory 
content. In this chapter, we outline some of the key issues that must be considered 
and addressed before the successful delivery of an online or distance chemistry pro-
gram can be considered. These are the combined thoughts and experiences of chem-
istry practitioners at the front line of delivering distance tertiary chemistry education.

By its very nature, teaching is about change. Typically change comes about as a result 
of feedback from colleagues and students and personal refl ection by the teachers. 
However, change in the classroom can also be a refl ection of larger technological and 

societal changes. Although all of these inputs are important, the last two are of particular 
relevance to online teaching.

We should fi rst defi ne the terms distance and online education or teaching. Distance 
education is when a student completes a course or entire program remote to the teacher 
or institution. Online education is when a student completes part or the entirety of a 
course or program of study remote to the institution with his or her only institutional 
contact being via electronic communication. Typically courses and programs are a mix 
of the two; for example, an off-campus student may need to visit the institution or an 
on-campus student may need to complete an assessment online. This mix is referred to as 
a blended or hybrid program. The differentiation between and the review of these modes 
is not the aim of this chapter; however, we direct the reader to recent books in this area 
(Anderson, 2008; Kennepohl & Shaw, 2010; Moore & Kearsley, 2012). We will use the 
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TEACHING UNDERGRADUATE CHEMISTRY BY DISTANCE AND ONLINE  27

term distance in a holistic sense to refer to students who are studying off campus and 
complete some assessments online.

Although we have drawn on experiences from elsewhere, this chapter focuses on the 
history of, or change in, the blended chemistry distance educational experience offered 
at the University of New England (UNE) in regional New South Wales, Australia. UNE 
offers complete science-based bachelor’s degrees by distance. This means that all courses, 
or units, that contribute to a university degree can be completed through on-campus or 
off-campus (distance) modes. We aim also to give practical advice in regard to getting 
online and strategies for covering laboratory work with distance students from academ-
ics who have many years of experience in delivering distance courses and working with 
distance students.

Any study of science is inevitably predicated by a thorough grounding in the disci-
plines of chemistry, physics, and mathematics. Of these, chemistry is universally denoted 
as the “central science” or the “enabling science” (National Research Council, 2007, 
p. 3). On the other hand, the required rigor of the subject has often proved a learning 
hurdle in the pathway of aspiring scientists. Our key objectives, as teachers of chemistry 
at UNE, have been to make chemistry as accessible as possible and to enthuse and instill 
in our students a passion for lifelong learning. Through offering a full suite of chemis-
try courses, from bridging and foundation courses, introductory to advanced courses, 
at all undergraduate levels and in both on-campus and distance modes, we have made 
it possible to obtain a full science degree, with a major in chemistry, entirely through 
distance education study. UNE was one of the fi rst universities in Australia to offer 
such a program of study. The curricula and resources that have been developed through 
an integrated team approach continue to enhance and infl uence teaching and learning 
opportunities for distance education students of science where chemistry is the major 
focus, either through a full chemistry major or through specifi c courses that enhance and 
service other branches of fundamental and applied sciences.

When we consider change, it is important to recognize the nature of the change or 
innovation being proposed. Raine (2002) wrote 

My experience is that resistance to change occurs where it creates tension in the inte-
gration, often where innovation threatens to fracture the sense of community. Where 
innovation creates win-win situations, or at least offers the prospect of such, I have not 
experienced open antipathy to it. (p. 87)

This reinforces the idea of a community of inquiry put forward by Garrison, Ander-
son, and Archer (1999, 2010) where, as educators, we need to view the educational experi-
ence around a framework that includes social, cognitive, and teaching inputs that involve 
both the students and the teaching staff. The idea of a community of inquiry is pursued 
further in the section “Handling the Laboratory Component,” later in this chapter.

Although some science-based courses were available at UNE in the distance edu-
cation mode, prior to 1992 the Department of Chemistry had not been involved in 
distance teaching. In 1992, the UNE Department of Chemistry introduced full, fi rst-
year undergraduate, rigorously science-based chemistry courses in distance mode. These 
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28  THE BASICS OF GETTING SCIENCE COURSES ONLINE

courses were the forerunners of a whole suite of chemistry courses that exist today at 
higher levels.

In 2014, we had approximately 710 distance education students in undergraduate 
chemistry courses at UNE: 560 at fi rst-year level, 125 at second-year level, and 25 at 
third-year level. Note that most undergraduate science degrees in Australia are three years 
in duration. An optional fourth year of research and higher level courses enables gradua-
tion with honors. We are also teaching more than 800 on-campus students over equiva-
lent year levels. Our distance education students come from every state and territory in 
Australia. Some students come from even further, as Australian citizens working or living 
internationally. Many distance students undertake their chemistry study while balancing 
part- or full-time employment and demanding family situations. For almost all distance 
education students, the challenges are greater than those experienced by on-campus stu-
dents, particularly in understanding and mastering chemical concepts in isolation.

Recognizing that student-focused learning is essential for such a conceptually and 
factually based discipline as chemistry, we focus on engaging our students through 
 activity-centered curricula that builds on their previous knowledge, maintains their inter-
est, assists in their knowledge retention, and instills confi dence in their understanding. 
In essence, we can equip students best for their careers not by teaching them about the 
methods of chemistry but by giving them a framework of knowledge onto which they 
can build in the future. As the available technology has developed, we have continued 
to incorporate the latest advances into our distance education and on-campus courses. 
Over the years these have included in-house-produced videos of laboratory techniques; 
audiotapes including conversational and question-and-answer-style discussions specifi -
cally designed for noninteractive listening; excerpts from commercially available software 
and video packages; CD-ROM–based materials including interactive learning resources; 
course notes and interactive software with online testing and feedback based on learning 
management software; and complete lecture PowerPoint slides with animations, movies, 
commentaries, and notes embedded in the package. This is in addition to the range of 
ancillary packages accompanying the set texts for each course, including solutions to 
exercises, interactive web-based activities, databases, and resources.

Courses such as chemistry that involve a high level of conceptual, visual, and prac-
tical content (laboratories) pose particular problems in the distance education mode. 
Although the use of home experimental kits, online interactive activities, and videotaped 
experiments has been effective in enabling some of this content to be covered at home 
(Boschmann, 2003; Dalgarno, Bishop, & Bedgood, 2003; Kennepohl, 1996; Mawn, 
Carrico, Charuk, Stote, & Lawrence, 2011), there is still, in our view, a substantial 
requirement for an on-campus component in these courses for distance students. Meet-
ing this requirement to be on campus for one part of the course can be both diffi cult 
and costly for students living long distances from the university. However, as will be dis-
cussed, distance students and staff consider some on-campus experience to be valuable.

Hands-on laboratory training in real, modern, well-equipped chemical laboratories 
is achieved by on-campus intensive schools for most courses, where distance students 
are exposed to an intensive period of laboratory, tutorial, or workshop sessions. For each 
course, the intensive schools can range from two to fi ve days. However, far from being an 
impediment and a disincentive to undertaking chemistry by distance education, we insist 
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TEACHING UNDERGRADUATE CHEMISTRY BY DISTANCE AND ONLINE  29

on making this aspect a focus of each course and a high point of student involvement and 
participation in an active learning process. The involvement of postgraduate and honors 
students as laboratory demonstrators is integral and completes the intensive school expe-
rience. Invariably over the years we have received primarily encouraging and complimen-
tary feedback from our students for these intensive schools. For example, the following 
was feedback from a second-year distance student: “I just wanted to thank you both for a 
great res [sic] school. I certainly felt I learned a lot and the others all said the same.”

The overwhelmingly positive comments received highlight the real advantages and 
satisfaction for students in being able to experience chemical principles in action and 
especially the opportunities of having one-on-one interactions with their fellow students, 
instructors, and laboratory demonstrators. We believe it is important that the distance 
students derive more than completing laboratory exercises at the intensive schools and 
that they gain a university experience (Garratt, 2002). For each intensive school, a com-
plete set of practical experiments based on the existing on-campus course are developed 
in parallel, with any necessary adaptations carefully incorporated to take into account the 
intense nature of the intensive schools. Typical student feedback from intensive school 
experience includes comments like the following: “Lectures and labs were both useful. 
The labs that involved repeated tests of important ideas helped me understand better” 
and “I don’t think it would be easy to do better.”

The Royal Australian Chemical Institute (RACI) is the professional association for 
chemists in Australia. As part of its charter, the RACI has put in place a system of accredi-
tation of chemistry courses, and graduates of accredited courses are eligible for full mem-
bership of the RACI. To ensure that our graduates meet the full accreditation (so that 
they can be registered as Chartered Chemists in Australia), we have been particularly 
mindful not only of the need for laboratory training through intensive schools but also 
of offering a range of units that meet the needs of future employers. Toward this end, 
courses that span both pure and applied aspects of chemistry are offered and allow our 
students the opportunity to either upgrade their qualifi cations or retrain for a future 
career while they are still in the workforce, ensuring open access without the need for 
full-time on-campus attendance, which would be beyond their capacities.

Although the concept of open access to higher education training and certifi ed 
achievement in chemistry is commendable, the reality is often somewhat tempered by 
the limitations imposed by potential students’ lack of prior knowledge or scientifi c liter-
acy. We have sought to redress this with the introduction of bridging or foundation-level 
courses in chemistry. In 1997, we initiated the development of a so-called foundation 
course in chemistry. It was set up to operate entirely in distance education mode and 
is offered in two out of three trimesters each year. More recently, we have introduced 
a modifi ed version of this course as a three-week online intensive bridging course. The 
bridging course caters to students who are unable to count the foundation chemistry 
course to their degree or for students who just need a refresher course in chemistry.

Chemistry is the central science and as such is integral to the training of scientists 
in a host of disciplines. Toward this end, the provision of a comprehensive range of 
chemistry courses in the distance education mode provides accessible career and study 
path options that may have previously been denied to a large proportion of the student 
population, namely, those whose choice is distance and fl exible study.
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30  THE BASICS OF GETTING SCIENCE COURSES ONLINE

The following sections outline some of the key issues that must be considered and 
addressed before the successful delivery of an online or distance chemistry program can 
be considered. These are the combined thoughts and experiences of chemistry practition-
ers at the front line of delivering distance and online tertiary chemistry education.

How to Get Online

In higher education today, the differentiation between distance and online delivery of 
courses is minimal. If a course is offered online, theoretically anyone can enroll in it. 
If a course is offered via distance, the likelihood that it is not delivered via some kind of 
online portal is minimal. To deliver chemistry courses online and via distance, practition-
ers must utilize some kind of online learning environment.

Learning Management Systems

There is an abundance of educational technology ideas available for online delivery of 
education courses; however, the one application that seems to have the most prevalence 
is the learning management system (LMS), also known as a virtual learning environment. 
An LMS is a software application that provides infrastructure, framework, and tools to 
facilitate online learning or training and that is used by educational institutes for teach-
ing blended, online, and distance classes.

An LMS serves as a place to store content in such a way that only enrolled students 
can access the material; however, an LMS also provides facilities to (a) create and deliver 
online quizzes and self-tests, (b) automate the grading of assessments and feedback, (c) 
e-submit assignments to a central location, (d) store and publish grades, (e) conduct 
remote tutorials, (f ) manage learning groups, (g) track the progress of students, (h) pro-
mote interactive and collaborative learning through social-media-type interaction, and 
(i) generate data for analytics.

There are commercial and open-source LMSs available; however, an institution 
using an open-source (free) version of an LMS will still incur costs in the provision of 
in-house or contracted support and associated costs including setup fees, hosting costs, 
hardware administrative costs, and feature upgrade costs. Like all software, things can go 
wrong, and expertise is required to manage and ensure the smooth running of an LMS. 
Some commonly used LMSs are Moodle, Sakai, Blackboard, Desire2Learn, and eCol-
lege; however, there are many more available. It is more than likely that your university 
or college already has an LMS in place.

An LMS provided and supported on an institutional level contains links to each class 
in which a student is enrolled. Different institutions will have their own set of require-
ments for each class “site,” varying from free rein to design and deliver as the instructor 
sees fi t to being quite prescriptive as to how a site is set out (perhaps to build brand or 
for ease of student navigation).

For classes that require students to utilize software (e.g., a computational chemistry 
unit), an online class can be constructed on a server, which acts like a remote desktop. 
The server can host web pages of content like a traditional LMS but also allows students 
to access and run any software required for the class.
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TEACHING UNDERGRADUATE CHEMISTRY BY DISTANCE AND ONLINE  31

Course Design

Using a web page or LMS solely as a repository for materials and resources is a real-
istic option only for chemistry courses taught using blended learning where students 
also attend regular face-to-face sessions such as lectures, tutorials, problem-solving 
sessions, and laboratories. The provision of online platforms to discuss concepts, ask 
questions, and collaboratively problem solve is essential if instructors wish to encour-
age these types of activities in fostering student engagement and learning for distance 
and online students.

There are any number and combinations of resources that can be provided and peda-
gogical theories to inform the class design, and, as with face-to-face or blended instruc-
tion, the design and provision of materials is largely dependent on the prescribed learning 
outcomes of the class, the particular cohort of students, and the individual instructor’s 
pedagogical philosophy and experience. The major factors to consider when designing 
an online chemistry course are the size of the class, stage of the program, subject (e.g., 
fi rst-year general chemistry or higher level theoretical chemistry), and level of student 
preparedness and motivation for taking the class (e.g., compulsory or elective, chemistry 
or life science majors). Types of materials, resources, and support to consider providing 
include the following:

• Expectations and responsibilities
 ¡ Welcome “screen capture” video
 ¡ Practice quiz on expectations and responsibilities
 ¡ Diagnostic testing and concept inventories
 ¡ Simple outline of assessment details and key dates

• Content
 ¡ Study timetable and study guide
 ¡ Topic notes and content summaries
 ¡ Recorded lectures (with PowerPoint slide fi les provided)
 ¡ Homework problems (hard copy and/or online)
 ¡ Links to alternative resources (suggestions are provided at the end of this 

chapter)
• Online assessments (multiple choice, calculations, and short answer)
• Support

 ¡ Webinar-type “live” tutorials and lectures
 ¡ Discussion boards
 ¡ Chat rooms
 ¡ Frequently asked questions

Expectations and Responsibilities

Learning chemistry in an online environment can present several challenges for students, 
in particular for those who are in their fi rst year of tertiary study, who may not be com-
puter or Internet savvy, or who have had an absence from formal study (or any combina-
tion of these). In light of this, it is advisable to include as a fi rst port of call on the class site 
a short video with screen captures (e.g., using Camtasia) showing real-time navigation of 
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32  THE BASICS OF GETTING SCIENCE COURSES ONLINE

the online learning environment and pointing out the main features of the site. This will 
serve not only to welcome students but also to engage and reassure students.

New or returning students may also hold misconceptions or be ignorant of the expec-
tations and responsibilities that higher education study entails. This is another common 
cause of stress for students enrolling in online courses. Therefore, it is essential that stu-
dents be provided with a clear and precise description of expectations and responsibilities 
appropriate for themselves and also for their instructors.

A good way to do this is to fi rst provide content on expectations and responsibili-
ties (a short document or video) and then generate a short online quiz that will have 
the look and feel of an actual online assessment students may encounter within the 
class and that contains questions on expectations and responsibilities. The quiz can 
be assigned a nominal grade percentage to encourage student completion. Another 
option is to make completion of the quiz mandatory with a grade of 100% but allow 
students multiple attempts, with the result not counting toward the fi nal assessment. 
This is simple to administer, as it can be set up automatically in the LMS, and access 
to content can be conditional upon task completion. This way, students are forced to 
engage with the material and, it is hoped, begin their study with appropriate expecta-
tions. In our experience, this approach to the dissemination of information on appro-
priate expectations is effective and ultimately reduces stress levels of both students and 
staff.

Because of the often broad range in prior skills and knowledge of students enrolling in 
online courses and considering the wide range of backgrounds from which students come 
to the course (prospective students enrolled in a degree program or in the chemistry course 
as a stand-alone activity), consider utilizing diagnostic or concept inventory activities.

Voluntary self-diagnostic tests are useful for courses that do not have entrance 
requirements or do not require students to undergo placement tests and have been shown 
to be useful in allowing students to independently measure their potential for success 
(Kennepohl, Guay, & Thomas, 2010). Concept inventories are designed less to assess 
student preparedness for, and subsequent likelihood of success in, a course but more to 
demonstrate the extent of student confusion about some basic concepts and consequently 
direct the instructor and student toward activities to help address any misconceptions. 
There are a number of concept inventories that have been created in different areas of 
chemistry (Adams & Wieman, 2011; Luxford & Bretz, 2014; McClary & Bretz, 2012; 
Treagust, 1988; Wren & Barbera, 2013) and also some evaluation and analysis studies of 
the effectiveness of these knowledge surveys and confi dence inventories (Barbera, 2013; 
Bell & Volckmann, 2011).

Finally, provision of a simple and clear outline of key dates will help students in 
cyberspace orient themselves to something concrete at the beginning of the course.

Content

With traditional distance education modalities, supported through online learning man-
agements systems, content is relatively easily presented to students in a number of ways, 
such as lecture presentations in a PowerPoint format, content summaries, study guides, 
access to library readings or notes, and Internet-based resources. The level of the course 
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TEACHING UNDERGRADUATE CHEMISTRY BY DISTANCE AND ONLINE  33

and preferences of the instructor will dictate the design and choice of these types of 
resources, and the material provided would typically be no different from what would be 
provided to on-campus students.

The relationship between structure and properties is regarded as an overarching con-
cept in chemistry, and it has been suggested that students have great diffi culty in making 
this connection (Cooper, Underwood, & Hilley, 2012; Kozma & Russell, 1997; Shane 
& Bodner, 2006). Students undertaking studies in chemistry need to be able to trans-
late the two-dimensional representations of molecules into three dimensions to visualize 
aspects of the behavior and properties of molecules, such as their stereochemistry, chiral-
ity, and reactivity.

One of the differences for content delivery when considering students study-
ing by distance or solely online is the opportunity to attend live lectures and tutorials. 
Without the use of effective online resources, these students are left with utilization 
of two- dimensional resources, such as their textbooks and the instructors’ PowerPoint 
presentations. The challenge for chemistry academics is to provide adequate resources to 
those students who are accessing learning materials via an online environment. Refl ec-
tions from a recent European Union working group (Eilks & Byers, 2010) summarized 
the 10 key innovations required in chemistry education in which they referred to “the 
uniqueness of chemistry” (p. 236) and the notion that academics need to develop visu-
alization approaches that foster student confi dence to constantly shift among the three 
levels of thinking ( Johnstone, 1982) required in chemistry (i.e., the macromolecular, 
submicro, and symbolic representations).

Fortunately, teaching chemistry in an online environment provides an excellent 
opportunity to utilize well-developed molecular-level animations such as the construc-
tivist VisChem Learning Design (Tasker & Dalton, 2006). The VisChem research and 
development project has been designed to probe the mental model that a student has 
of a reaction or substance at the molecular level before showing animations portraying 
the phenomenon. The work on the VisChem project has indicated that animations and 
simulations can effectively communicate many key features about the submicro (molecu-
lar) level and that these ideas can link the macroscopic (laboratory) level to the symbolic 
level.

Delivery of “live lectures” to distance and online students is possible via technol-
ogy that produces videos of live lectures (e.g., Echo360 Personal Capture). This tech-
nique is reportedly well received by students (D’Angelo, 2014), although the strategies 
reported were developed to enhance the engagement and learning of technologically 
savvy on-campus students. For distance students, we have found the production of 
special purpose recordings of either entire lectures or key concepts using screen capture 
technology, such as Camtasia and an interactive tablet, to be highly successful (Smith, 
Lye, Greatrex, Taylor, & Stupens, 2013). Feedback from distance students indicated 
that recordings of live lectures were often diffi cult to follow because of issues such as 
background noise. Also, we believe that utilizing a tablet for detailed screen capture 
during a live lecture may reduce the ability of the instructor to effectively engage the 
live lecture audience.

Consequently, special purpose recordings are produced in the instructor’s offi ce. The 
screen capture technology allows live screen capture of the lecturer’s “pointer” and any 
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34  THE BASICS OF GETTING SCIENCE COURSES ONLINE

written work presented, as well as the possibility to utilize a webcam to capture the 
manipulation of molecular models. In other words, real-time three-dimensional expla-
nations of concepts and working of problems can be provided as they would be to the 
on-campus students during regular face-to-face lectures and tutorials.

These special purpose recordings provide a framework, in addition to access-
ing PowerPoint lecture slides and audio recordings, that enables distance students to 
navigate course learning materials as if they were participating in face-to-face sessions. 
This approach potentially addresses issues identifi ed in previous research that compared 
recorded lectures with face-to-face lectures. The work identifi ed that students attending 
lectures have some advantages inherent in the face-to-face mode, including the oppor-
tunity to ask questions; general motivation; and, interestingly, viewing whiteboard dia-
grams (Panther, Mosse, & Wright, 2011), which could include calculations and worked 
examples. It has also been reported that online video tutorials have been shown to increase 
the learning of diffi cult concepts in chemistry courses (He, Swenson, & Lents, 2012).

The utilization of purpose-made lecture recordings provides a nice segue into the con-
cept of the “fl ipped” or “inverted” classroom. This technique is useful for incorporating 
online elements into an on-campus course and is currently a popular strategy to address 
some of the weaknesses of traditional teaching (Lancaster & Read, 2013). The general 
idea is to record short lecture “snippets” that students watch online before coming to 
class, where students will work problems (Arnaud, 2013). This is not to be confused with 
blended learning where some in-class instruction is replaced with online instruction. In a 
fl ipped classroom, the number of in-class hours remains the same (Christiansen, 2014).

The provision of online homework and practice problems that go beyond download-
able documents with lists of questions is an effective engagement tool for on-campus 
and distance students. However, they have obvious advantages for distance students who 
cannot attend live tutorials or peer-supported study sessions. Most textbook publishers 
provide test banks of questions that are compatible with LMSs and are suitable for use 
in constructing online practice homework and assignments. Commercial Internet-based 
homework resources that contain a range of activities are also available. Activities can 
range from traditional question-and-answer test banks to more sophisticated resources, 
including adaptive and dynamic mastering exercises, cartoon simulations of molecular 
processes, simulated laboratory experiments, assignments, grade books, and tutorials.

The benefi ts of online homework in fi rst-year general chemistry courses are well 
established and have been thoroughly reviewed (Richards-Babb, Drelick, Henry, & Rob-
ertson-Honecker, 2011). Reviews of the commercially available online chemistry learn-
ing resources have also been published (Evans, 2009; Harris, 2009; Hendrickson, 2009; 
Miller, 2009; Rowley, 2009; Shepherd, 2009; Zhao, 2009). Studies in undergraduate 
organic chemistry have shown online homework might be effective for improving student 
learning, experiences, and success in such courses but that even for the most motivated 
students some degree of external infl uence (e.g., extra credit) may be necessary to improve 
the likelihood of benefi t (Parker & Loudon, 2013). Studies have also indicated that inter-
actions and feedback an individual receives may play a crucial role in the advancement of 
student knowledge (Malik, Martinez, Romero, Schubel, & Janowicz, 2014).

The automation of online homework has the potential to be particularly valuable 
in large-enrollment introductory and fi rst-year courses in which the student need for 
additional help places a high demand on instructors.
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Online Assessments

An LMS offers a wide variety of features to support online assessment of students. Instruc-
tors may offer formative and summative assessment tasks, and there are also numerous 
ways to track the participation, engagement, and success of students in the course assess-
ment tasks.

Instructors can create assignment e-submission portals where students can submit 
documents electronically. The documents can then be downloaded for marking either in 
hard copy or by using electronic marking technology. There are also facilities to generate 
and manage peer review assignments, as well as functionalities for recording and present-
ing grades and detecting of plagiarism.

Online tests or quizzes can also be used to assess the learning occurring in the course, 
and they have some distinct advantages. Using either published question banks (e.g., 
from the textbook publisher) or questions generated by the instructor, online tests can 
be designed so that each student receives a unique set of questions that can then be auto-
matically marked with question-specifi c feedback provided.

Many question types are supported by LMS quiz facilities, including (but by no 
means limited to) true–false, short answer, numerical, calculated formula (where num-
bers in the question change for each student), essay, fi ll in the blanks, and matching. As 
chemistry instructors, we have found one disadvantage in our LMS, which is that for 
the question categories that can be automatically marked, the system does not support 
subscripting or superscripting of numbers or symbols in the space where students type 
their answers. It is possible for the short-answer-type questions; however, these require 
manual marking.

The main concern for online assessment using an LMS is the temptation for students 
to utilize the Internet or alternative sources for help in answering questions. Dealing 
with this issue will depend on the goal of the individual instructor for each assessment 
task. For example, for formative assessment tasks, the instructor may desire that students 
utilize resources for help in answering questions, thereby assisting students in achiev-
ing their learning outcomes. However, for summative assessment, the issue can become 
complicated.

For obvious reasons, assessing student outcomes via proctored examinations is not 
straightforward for solely online and distance education students who are not in the 
locale of the campus. Many institutions have systems in place for students to take exams 
in almost any location around the world; however, as this is administratively time-con-
suming and expensive, there is an increasing use of remote proctoring of examinations in 
many higher education institutions around the world, in particular in the United States. 
There are several commercially available technologies (Eduventures, 2013), and some 
universities have developed their own technology (Hillier, Fluck, & Emerson, 2014). 
Technologies available include video monitoring of students (recorded or live stream-
ing) and also the ability to monitor whether the Internet has been accessed during an 
examination.

Web-based video was recently reported as being utilized as an assessment tool for stu-
dent performance in organic chemistry (Tierney, Bodek, Fredricks, Dudkin, &  Kistler, 
2014). Students made video responses to specifi c questions as part of the assessment 
process and were required to utilize a molecular modeling kit. The method of assessment 
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allowed the instructor to see a student’s higher order thinking, and the authors concluded 
that it appeared to be a viable additional tool for grading student performance.

The Internet opens up many possibilities for online learning opportunities. Recent 
innovations include a game-based approach to a physical chemistry course (Daubenfeld 
& Zenker, 2015), multiplayer games, and a gaming program to resolve protein struc-
tures that have eluded researchers (Franco, 2012). The latter gaming program can be 
utilized as a problem-based learning assignment for the understanding of protein folding, 
interactions, and structure and allows student contributions to signifi cant research. The 
ability to work on real research problems signifi cantly increased student interest in the 
assignment.

Support

It is tempting to think that online provision of chemistry courses will open opportuni-
ties for institutions of higher education to enroll a large quantity of students and provide 
instruction with minimum effort. In higher level chemistry classes, which generally have 
prerequisite entry conditions, once the initial time investment in setting up the course is 
completed, this may be true to some extent. However, for large general chemistry classes 
where there is limited or no control of the background knowledge and skills of enrolling 
students, the time investment required by the instructor in engaging and dealing with 
student queries and issues can be substantial.

One of the most challenging aspects of teaching a chemistry class online is a direct 
result of the microscopic, abstract, and three-dimensional nature of the material being 
taught. Teaching chemistry “live” gives instructors the opportunity to work through sam-
ple problems, use models, and conduct demonstrations, as well as show simulations of 
molecular processes and engage students in discussions and peer-assisted learning activi-
ties. As previously discussed, this can be effectively done online using lecture capture 
technology with webcams, tablets, embedded video, and simulations. However, it can-
not replace the need for interaction between the instructor and the student (whether 
remotely or in person) in probing and addressing confusion and misconceptions.

It is important to remember that teaching and learning is not just about provision 
of content. It is well documented in the literature that frequent student–instructor con-
tact is the most important factor in student motivation and involvement (Chickering 
& Gamson, 1987). This is particularly advantageous in an online or distance learning 
environment where the Internet can be utilized to develop and improve the communi-
cation and interaction not only between the instructor and the student but also among 
the students themselves to build a sense of community within the course. It is therefore 
essential that the design of the learning support mechanisms within an online or distance 
chemistry course be carefully considered.

One method is to utilize synchronous learning activities such as live and interac-
tive online tutorials, lectures, or chats (often called webinars) using a tablet and video-
conferencing  software (e.g., Adobe Connect or Microsoft Lync). However, there are 
several factors and limitations that need to be considered. A class with high enrollments 
is diffi cult to run via video-conferencing, with the maximum number for an effective and 
interactive learning experience being about 20 students. Even in the in-person environ-
ment, interactive learning is easier to achieve in a small classroom versus the large lecture 
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theater. There are also limitations that are technology dependent. For example, commu-
nication in webinars is usually very structured, and though the instructor may answer 
questions, the participants are typically not able to talk to one another. Realistically only 
one participant can have his or her microphone active at a time, and students are usually 
required to type their questions and comments into a chat box.

Internet and personal computer issues with microphones and speakers cause all sorts 
of frustrations, and the synergy that can be found within a group of people who are inter-
acting “in person” is usually lost over the phone or online. Other issues with live online 
tutorials or webinars are that two of the main cohorts of online students are those who 
are utilizing this method of study that fi ts in with work and personal commitments and 
those who are anxious about learning “in public.” Consequently, fi nding a time that suits 
(Seery, 2012) or even the courage to attend (Lye, Smith, Rosser, & Dillon, 2016) is prob-
lematic, and hence attendance can be low. However, successful synchronous learning in 
organic chemistry using Doceri software for iPad, which allows greater fl exibility with 
features like drawing on PowerPoint slides, was recently reported (Silverberg, Tierney, & 
Bodek, 2014).

The other main vehicle for student learning support in an online or distance chemis-
try course is asynchronous learning activities such as discussion forums and e-mail com-
munication, which can be facilitated through an LMS or via web-based social media. 
These are usually set up and monitored by the instructor, and there is a wealth of infor-
mation available on building these, from content to online communities (Watwood, 
Nugent, & Deihl, 2009) and comparisons of synchronous and asynchronous online 
learning (Hrastinski, 2008). Undoubtedly, asynchronous learning communities provide 
a great opportunity for online and distance learning of chemistry.

Still, the increase in communication and changes in communication technology and 
accessibility means that students can ask a question and often expect to receive an answer 
at almost any time of any day (D’Angelo, 2014). The appropriateness of an expectation 
of an immediate response is highly debatable, and the timing or availability of instructor 
interaction within learning communities is something that individual instructors must 
decide on and make clear to students.

Factors to consider in setting out the expectations, responsibilities, and desired learn-
ing outcomes for students in utilizing discussion forums are the level of the course, the 
background and number of students, and the amount of time the instructor can com-
mit to monitoring discussions and answering questions. Salmon’s fi ve-step model for 
e-moderating (Salmon, 2000, 2011) is a good place to start when considering the inclu-
sion of discussion forums to ensure student engagement in discussions is productive and 
constructive for learning and teaching (Seery, 2012).

It is useful to note that students may initiate their own discussion forum space (e.g., 
making their own Facebook group). If an instructor chooses not to play a role in such a 
group (probably because he or she has already provided a discussion forum), these discus-
sion forums provide possible avenues where misconceptions may fl ourish. However, the 
risk of misconceptions being fl oated is no different than for on-campus students under-
taking private group study. If students are aware that instructors will not monitor the 
forum, then a decision on the balancing act between the desire to discuss concepts free of 
the instructor’s watchful eye and the quality of the discussion is down to the individual 
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student. In our experience, if students feel supported and encouraged to voice their que-
ries, and the quality of instruction is high, then students will generally not feel the need 
to form their own group.

Handling the Laboratory Component

Although course content is an important factor in any course design process, too often 
the critical questions are overlooked; that is, what do we want our students to learn, and 
how do they learn? Furthermore, we don’t want students just to memorize content so 
they regurgitate it at exam time; we want the students to be able to use and apply the 
knowledge that they have acquired. Garratt (2002) put this beautifully when he stated, 
“Our graduates need to know their subject so that they can explain, exploit and extend 
it; universities need to provide a triple X experience” (p. 40). Expressing the same view, 
de Bono (1968) stated, “It must be more important to be skilled in thinking than to be 
stuffed with facts” (p. 7). It has been suggested that, to their disadvantage, the sciences 
have failed to take these ideas seriously. Science courses are often taught in a manner that 
gives students the impression that there is a right answer for everything, which results in 
the public having misconceptions about what science can and cannot do (Finster, 1989). 
This is where the importance of laboratory work cannot be underestimated.

Offering a laboratory component for even on-campus science courses is a moot 
point for some (Garratt, 2002; Hawkes, 2004). However, this is not the place to argue 
the pros and cons of laboratory work to a science graduate, in particular for a chemistry 
graduate. We take the view that laboratory work is critical to student learning at all stages 
in students’ chemistry major or course. However, as will be pointed out in this section, it 
is perhaps even more important for distance students.

As most chemistry courses offered at UNE require students to complete a laboratory 
component, we require distance students to complete their experiments either remotely 
or by attending an intensive school. Intensive schools involve distance students com-
ing onto campus for between two and fi ve days to complete primarily the laboratory 
component of a unit. However, students derive much more from attending an inten-
sive school than simply completing laboratory-based experiments. They experience face-
to-face interaction with teaching staff and fellow distance students. This interaction is 
very important because the online environment within an LMS-organized course can be 
socially isolating and impersonal for many distance students.

Therefore, a social presence, for both the students and the instructor within a course, 
is important when teaching online. The formation of a “community of inquiry,” or learn-
ing community, contains three critical elements: cognitive presence, social presence, and 
teaching presence. This has been well recognized as an integral part of engaging online 
students with their subject (Garrison et al., 1999, 2010; Mathieson & Leafman, 2014). 
The challenge is, how can we foster the social presence and/or interaction? Intensive 
schools provide a vehicle to enhance the social presence of both the student and the 
instructor beyond LMS forums.

Some institutions prefer laboratory kits, which are sent to a student’s home, or utilize 
virtual or remote labs (Baran, Currie, & Kennepohl, 2004; Kennepohl, 1996; Mawn 
et al., 2011). Although these approaches may be adequate for refresher or elementary 
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chemistry courses, we don’t see them as appropriate for mainstream chemistry courses. 
We have introduced remote laboratories in a second-year physical chemistry course; 
however, we do believe students overwhelmingly benefi t from the social interaction pro-
vided through an intensive school.

A blended approach can work for both on-campus and distance students. This could 
involve the completion of preliminary laboratory (prelab) questions online. This requires 
students to revise or work ahead to cover the material relevant for the experiment to 
be completed (Chittleborough, Mocerino, & Treagust, 2007; Gregory & Di Trapani, 
2012). This approach also allows students to practice and, we hope, build confi dence 
with mathematical operations and/or chemistry concepts that will be required to com-
plete the laboratory exercise (Schmid & Yeung, 2005). Many distance students have very 
low opinions of their own abilities in terms of basic math and chemistry. Thus, complet-
ing prelab questions before arriving at the lab or intensive school takes away some of the 
mystery and requires the students to engage with the course. It also encourages students 
to post questions on forums where other students can help, which can promote peer 
tutoring.

We have made prelab questions a key component of the laboratory experience for 
both fi rst-year courses and require that they be completed before students start an experi-
ment. Students are able to attempt the questions multiple times until all sections are 
answered correctly. Therefore, the emphasis is on learning, not on achieving the highest 
mark possible. It should be noted that we require on-campus and distance students to 
complete prelab questions online. Questions covering laboratory safety and assessing risk 
can be included in the prelabs. This broadens the learning outcomes that can be covered 
for distance students at the intensive school.

The inclusion of online prelabs in chemistry courses at second and third year varies. 
However, in the senior laboratory classes, all students must complete a risk assessment 
for the experiment they are to complete before entering the laboratory. Again this is 
required of both on-campus and distance students. The completion of a risk assessment, 
prior to arriving at an intensive school, is made possible through online access to chemi-
cal material safety data sheets (MSDSs). This exercise serves a dual purpose. It requires 
the students to carefully read through each of the experiments they will complete (before 
arriving in the laboratory) so they can identify and assess any risks involved and deter-
mine the correct disposal of chemical wastes. In the process of prereading the laboratory 
notes, students may need to refer to course notes and/or the textbook to clarify terms 
or concepts covered. Therefore, the process of completing a risk assessment engages the 
students with the content being covered in the course. When students arrive at the labo-
ratory (on campus or distance), their risk assessments are returned in the laboratory with 
comments appended, and further discussion between the demonstrator and the students 
is possible.

An alternative to requiring students to attend an intensive school is to offer the 
ability for students to complete experiments remotely. The term remote labs can mean 
different things. It could be that students acquire data in the lab and process the data 
remotely, or, as is done at UNE, students control equipment remotely to acquire data 
and ultimately complete experiments (Baran et al., 2004; Wallace, Miron, Murphy, & 
Brown, 2013). This latter approach has been used in engineering courses for a number 
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of years, as the equipment and the experiments are suited to automation (see links to 
Labshare and Weblabs at the end of the “Online Chemistry Resources” section at the end 
of this chapter). Therefore, the experiments that have been targeted at UNE have been 
second-year physical chemistry experiments that lend themselves to automation. These 
experiments are completed remotely by both on-campus and distance students, with 
the students able to repeat the experiments as many times as they like. Although not all 
students take advantage of the possibility of repetition, those who do have found that it 
enhances the learning experience.

Intensive schools, by defi nition, are intense for students and staff alike. An issue that 
should be seriously considered when planning and running an intensive school is student 
burnout. This can result from having a high cognitive load or simply trying to fi t too 
much into too short a time period. There are certain things that can be done to relieve the 
stress and make the experience more rewarding for both students and staff—and the key 
to this is preparation. This can be achieved, in part, by students completing preliminary 
laboratory questions in fi rst year or risk assessments in higher level courses before attend-
ing the intensive school. Having students read through the laboratory manual can help to 
reduce some of the anxiety students experience while attending the intensive school. At 
the fi rst-year level, we have prepared videos showing the physical laboratory environment 
and running through the use of common equipment and procedures that students will be 
required to use and perform at the intensive school. This approach has been reported to 
benefi t students through familiarizing them with the laboratory ( Dalgarno et al., 2003). 
The skill and assistance of the laboratory demonstrators is also very important. Typically, 
students are organized into groups based on their prior knowledge of chemistry. We 
have found that this removes issues that can develop between laboratory partners and 
also helps the demonstrator set the level of assistance and terminology used. All of these 
strategies can help reduce student anxiety.

Even with the strategies discussed, intensive schools can be very intimidating for 
students, especially for those who dislike large groups. Intensive schools can range from 
approximately 200 students at fi rst year to 10 students at third year. The distance cohort 
is made up of a range of personality types; however, as may be expected, more introverted 
personality types gravitate toward distance study. This student cohort can fi nd intensive 
schools particularly challenging. However, from our experience, following the strategies 
outlined previously can help to alleviate most of the anxiety experienced by distance 
students.

Feedback and comments received from students suggest that being able to talk with 
other students, face-to-face, actually relieves anxiety as they realize their fellow students 
are fi nding the content challenging as well and/or they realize that they understand more 
than they thought they did. Some also fi nd that having something explained one-on-one 
“fl icks the switch” or that having a problem worked through in front of them brings the 
thought processes together and adds understanding. Yes, it can be expensive for students; 
yes, it can cut into annual leave; and yes, it can cut into family time. However, the 
majority of students understand the importance of the entire intensive school experience 
beyond simply completing experiments. Some students actually value the time away 
from work and/or family that they can devote to their studies, whereas others bring their 
families along.
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Future Trends

The future of online and distance learning will be largely dependent on the evolu-
tion of technology and the utilization of this technology as a vehicle to implement 
principles of effective teaching (Chickering & Gamson, 1987). The education tech-
nology analysis website Edutechnica (see edutechnica.com/2014/01/07/a-model-for-lms-
evolution) recently predicted that the next generation of LMS technologies will leverage 
network effects, have advanced analytics capabilities, provide a seamless user experience 
across content and devices, and support the trend of empowering choices relating to 
content and tools to the user level in a “bring your own learning tools” or “create your 
own learning  experience” type of way.

Edutechnica also predicts that the next generation of LMSs will be characterized by 
(a) adaptive paths and content that support remediation and reinforcement, as well as 
exploration of interests; (b) predictive analytics that reactively support instructors; (c) 
content subscription and syndication capabilities; (d) mobile capabilities that seamlessly 
move across content delivered from multiple places, learning tools from different provid-
ers, and navigation across multiple devices; (e) integrated store-like content and learning 
tools; (f ) the ability to support personal learning networks, lifelong social capabilities, 
and ongoing communities of practice; and (g) off-line, device-specifi c capabilities such 
as syncing content to tablets.

It is also clear that with evolving technology, the growth of remote laboratories will 
increase and thus increase the opportunity for distance students to complete even more 
of the laboratory component of science-based courses from the comfort of their own 
home. However, we must not forget or ignore the importance of the social presence in 
the learning experience.

Conclusion

We have presented one institution’s experience with delivering a comprehensive chemis-
try major online and by distance. Others’ experiences have been compared and contrasted 
with our own methods and experiences. However, the reality is that each institution and 
each course will have unique requirements and idiosyncrasies that will require modifi ed 
or new approaches to course delivery. As we stated at the very beginning of this chapter, 
teaching is all about change, and when linked with technology, change will be constant 
if not inevitable. Although we may like stability, there is always the next version of an 
LMS or a completely different paradigm to consider. So we will leave you by saying that 
teaching chemistry online can be very rewarding and sometimes  frustrating— however, 
it is never boring.

Online Chemistry Resources

ChemCollective (www.chemcollective.org): Collection of virtual labs, scenario-based learning 
activities, tutorials, and concept tests organized by a group of faculty and staff at Carnegie 
Mellon who are interested in using, assessing, and creating engaging online activities for chem-
istry education.
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Chemical Education Digital Library (www.chemeddl.org): Digital resources, tools, and online 
services for teaching and learning chemistry.

JCE Web Software Collection (www.jce.divched.org/jce-products): Suite of subscription online 
tools for Journal of Chemical Education Xchange subscribers.

Labshare (www.labshare.edu.au): Labshare is a consortium of Australian universities promoting 
the sharing of remotely accessed science and engineering laboratories.

Multimedia Educational Resource for Learning and Online Teaching (chemistry.merlot.org): 
MERLOT, a program of the California State University System, is a free and open peer-
reviewed collection of online teaching and learning materials.

National Science Foundation (www.nsf.gov/news/special_reports/chemistrynow): Videos on the 
science of everyday things, developed by the NSF for the International Year of Chemistry 
2011.

Royal Society of Chemistry (www.rsc.org/learn-chemistry): Simulations.
The Concord Consortium (mw.concord.org/modeler/showcase/chemistry.html): Simulations of 

molecular behavior.
UC Davis ChemWiki (chemwiki.ucdavis.edu): Free dynamic chemistry e-textbook.
University of Colorado Interactive Simulations (phet.colorado.edu): Interactive simulations for 

teaching chemistry.
VisChem (www.vischem.com.au): Research and development project to study the effectiveness of 

molecular-level visualization, produce animations of chemical structures and processes at this 
level, and develop effective learning designs for a deep understanding of chemistry.

Weblabs (como.cheng.cam.ac.uk/index.php?Page=Research&Section=Weblabs): Weblabs is a 
University of Cambridge group producing remotely accessible laboratories.
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