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Executive summary
Laboratory experiences have long been considered a core component of technical degree
programs, especially in engineering and the applied sciences. Giving students the
opportunity to ‘experience’ science through experimentation addresses curriculum
requirements and also supports their learning and motivates their engagement. Improving
this engagement is critical to addressing the shortfall of students entering science-based
professions. However, funding limitations place significant constraints on the ability of
institutions to maintain high-quality science laboratory experiences. This then contributes to
an ongoing disengagement with science-based courses and subsequent career pathways.
This project aimed to research, design, implement and demonstrate how improved support
for laboratory experiences could be provided. We began this process by improving the
quality of laboratory lessons through the provision of clearer support for academics,
including in the form of lesson plan templates that capture best practice across a range of
learning objectives. We also implemented a proof-of-concept integration of a laboratory
lesson guide system that provides pedagogically sound adaptive guidance to students in
laboratory settings. Remote laboratories provided an innovative platform for this
implementation.
The project had five main stages of development, including: (1) Understanding what
constitutes best practice based on knowledge elicited from literature sources, exemplar
lesson guides and expert inputs; (2) Development of lesson plans and templates based on
this best practice; (3) Integrating a remote laboratory and lesson plan guidance with a
Lesson Management System (LMS) to support evaluation; (4) Developing a set of guidelines
for creating laboratory lessons; and (5) Disseminating outcomes through appropriate modes
such as workshops and publications.
There were three main technical themes to this project. Theme 1 explored how a
pedagogically sound laboratory lesson guide could be designed. Theme 2 illustrated how a
lesson guide thus produced could be converted to an adaptive and dynamic lesson in a
remote laboratory context. Theme 3 was aimed at disseminating what we developed and
learned in Themes 1 and 2.
Theme 1: Designing a Pedagogically Sound Laboratory Lesson Guide: This theme had a key
focus on the development of lesson guide templates that are effective. In order to provide
effective support to students during laboratories, we needed to ensure that the lesson
guides that support the laboratory activities are designed appropriately and are
pedagogically sound.
In order to understand what makes a pedagogically sound laboratory lesson guide, we
started with a multi-pronged strategy that is centred on eliciting expert input (and to a
lesser extent, that of the end-users). The expert evaluation was facilitated by exemplar
lesson guides that we collected across the country as well as through an extensive literature
search.
We carried out a literature review to identify key factors that might contribute to best
practice in laboratory lessons. We also gathered exemplar lesson guides from a variety of
undergraduate laboratories and had them evaluated by a panel of experts. The lesson plans
have been analysed to identify commonalities and differences. The lessons were also used
as props to structure elicitation of (often unarticulated or tacit) expert knowledge on what
makes a sound lesson guide. These experts provided their feedback through a structured
questionnaire followed by an interview to elicit contextual factors. Separately, we elicited
end-user or student input through an online survey. The purpose of the end-user (student)
survey was to identify factors of interest to students that the experts may have left out. The
recruitment rate was unfortunately very low for the survey, but otherwise the survey
yielded useful results.
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The following factors, elicited from the experts and supported by the literature review and
exemplar lesson plan evaluation, were identified as the key elements of effective lesson
plans:
• transparent and relevant lesson objectives and outcomes;
• practical and communication skills development;
• encouraging collaboration through design;
• encouraging reflective practice through design;
• open lesson that evolves, without rigid structures, to meet the needs of the student
without having to contain instructions for every step of inquiry;
• lesson content designed to enhance student engagement; and
• adequate experimental description.
From the student survey, we elicited the following additional factors that were not covered
by the experts:
• Importance of relevance/significance of the laboratory ambience for comfortable
laboratory session
• Equipment: significance of equipment training, novelty of equipment to engage
students, importance of practice with equipment, preference for hands-on laboratory
work including construction and destruction of experimental set-up and equipment)
• Excessive focus on evaluation eroding learning. Pitting diverse streams of input against
each other, also providing some (albeit limited) degree of face validation.
• The students also mentioned the importance of having fun in the lab, this could be
classified under the broad umbrella of “engagement”.
The student survey did support the knowledge elicited from the experts, even though the
sample size was relatively limited. However, the primary purpose of the survey was not
validating, but generating new factors that might not have been captured by expert
elicitation alone. This purpose is achieved even with the current survey completion rate.
Theme 2: Developing and Implementing Adaptive Lesson Guides in Remote Laboratory
Settings: In this theme, we integrated lesson guides with a Learning Management System
(LMS) (in Blackboard) and remote laboratory rigs to provide automated linkages between
stages of the lesson guide and the physical laboratory session as well as a dynamic and
adaptive laboratory lesson guide that incorporated pedagogically sound principles. Having
improved the quality of these lesson plans, the next step was improving the guidance
provided to students in using these lesson plans. Remote laboratories provide an innovative
way of achieving this support. The pedagogically sound lab lesson guides, developed by
expert inputs and supported by the literature survey and analysis of exemplar lesson guides,
were integrated with the Learning Management Systems (LMS) to provide improved
guidance for the students.
The example chosen for implementation was a ‘hydro’ experimental rig. The rig
demonstrates the basic principles of electricity generation from hydro power, and uses it to
light up a house. The experiment is designed for high school students, typically about year 8.
The laboratory guide that we have designed is self-contained and introduces the
experimental set-up through exploration and experimentation. We have also developed a
guideline for designing laboratory guides.
Theme 3: Dissemination: In an effort to disseminate our findings, we are in the process of
completing,= one conference paper and two journal papers. In addition, we have presented
the work from this project in three workshops, and through these workshops we have
encouraged (and are continuing to encourage) widespread utilisation of the laboratory best
practice lesson guides. Videos of the implementation of adaptive lesson guides are also
available.
Enhancing remote laboratory learning outcomes through lesson plan integration within a learning
management system framework

3

Table of Contents
Figures ......................................................................................................................................... 6
Glossary of Key Technical Terms................................................................................................. 7
Chapter 1: Introduction .............................................................................................................. 8
Background ........................................................................................................................ 8
Scope ............................................................................................................................... 10
Summary Approach ......................................................................................................... 11
Theme 1: Designing a Pedagogically Sound Laboratory Lesson Guide ........................... 11
Theme 2: Developing and Implementing Adaptive Lesson Guides in Remote Laboratory
Settings ............................................................................................................................ 11
Theme 3: Dissemination .................................................................................................. 11
Chapter 2: Understanding the Laboratory Best Practice and Eliciting Design Elements in
Laboratory Guides..................................................................................................................... 12
Analysis of Relevant Literature – Design Elements Elicited from Literature .................. 12
Eliciting the Laboratory Best Practice through Experts................................................... 16
Summary of elicitation .................................................................................................... 19
Understanding Laboratory Best Practice from Students’ Perspective (Student Survey) 32
Chapter 3: Architecture and Integration of Adaptive Lessons ................................................. 50
Introduction to Remote Laboratories ............................................................................. 50
Integration of a remote laboratory system and LMS ...................................................... 51
Enabling the Adaptive Capabilities .................................................................................. 53
XML Representation ........................................................................................................ 57
Constructing Lesson Template ........................................................................................ 59
Salient Features of the Implemented Remote Lab Guide ............................................... 59
Chapter 4: Developing a Generic Guide to Laboratory Lesson Design ..................................... 74
Design of the Lesson Framework/Structure of the Laboratory Lesson .......................... 74
Enrichment through Elements of Best Practice .............................................................. 76
Chapter 5: Dissemination.......................................................................................................... 82
Ascilite2012 Workshop.................................................................................................... 82
AAEE2012 Workshop ....................................................................................................... 82
REV2013 Workshop ......................................................................................................... 82
Publications ..................................................................................................................... 82
Chapter 6: Conclusions ............................................................................................................. 83
Chapter 7: Recommendations and Future Work...................................................................... 84
Overview .......................................................................................................................... 84
Lesson Design .................................................................................................................. 84
Flip Class Rooms .............................................................................................................. 86
Containing System ........................................................................................................... 86
References ................................................................................................................................ 87

Enhancing remote laboratory learning outcomes through lesson plan integration within a learning
management system framework

4

Appendix A: Expert Elicitation Instrument ............................................................................... 91
Part I: Lesson Analysis: Holistic Evaluation...................................................................... 91
Part II: Lesson Analysis: Detailed Evaluation ................................................................... 92
Part III: Interview ............................................................................................................. 93
Structure of Information Organization from Expert Elicitation ...................................... 94
Appendix B: Student Survey Instrument .................................................................................. 95
Appendix C: Independent evaluation .....................................................................................103

Enhancing remote laboratory learning outcomes through lesson plan integration within a learning
management system framework

5

Figures
Figure 2.1: Respondent Discipline
Figure 2.2: Respondent Level of Study Completed
Figure 2.3: Respondent Institutions of Study
Figure 2.4: Reasons for Best Laboratory
Figure 2.5: Design Factors Constituting Best Laboratory Experience
(Selection)
Figure 2.6: Additional Design Factors Constituting Best Lab
Experience
Figure 2.7: Reasons for Worst Laboratory Experience
Figure 2.8: Design Factors/Elements Constituting Worst Laboratory
Experience
Figure 2.9: Painting a Richer Picture of Worst Lab Experience
Figure 3.1: Overall Architecture for Integration of Lesson Guide, LMS
and Remote Lab
Figure 3.2: Adaptive Lesson – Highly simplified lab guide used to
illustrate various elements of the guide representation
Figure 3.3: LMS – Lesson Integration
Figure 3.4: Scheduling Server
Figure 3.5: Entrance to Integrated Lesson
Figure 3.6: Lesson Adaptation to Rig State
Figure 3.7: Adaptive lesson interacts with user, increasing
engagement and education
Figure 3.8: Adaptive lesson interacts with user by providing
immediate and useful feedback
Figure 3.9: Immediate Feedback and Interaction with Instructor
Figure 3.10: Adaptation to User Level
Figure 3.11a: Adaptive lesson lets students investigate the
relationship between two variables – Set up
Figure 3.11b: Adaptive lesson lets students investigate the
relationship between two variables – Manipulating Pump Level and
Recording Rotation
Figure 3.11c: Adaptive lesson lets students investigate the
relationship between two variables – Previously Measured Values
are made available for Analysis & Comment
Figure 3.11d: Adaptive lesson lets students investigate the
relationship between two variables – Current Flow Rates are Shown
for Analysis & Comment
Figure 3.11e: Adaptive lesson lets students investigate the
relationship between two variables – Students Comment on the
Relationship
Figure 3.11f: Adaptive lesson lets students investigate the
relationship between two variables – Students Comment on the
Relationship

Enhancing remote laboratory learning outcomes through lesson plan integration within a learning
management system framework

34
35
35
36
40
41
43
47
48
52
58
59
60
60
61
62
63
64
65
65
66
66
67
67
68

6

Figure 3.11g: Adaptive lesson lets students investigate the
relationship between two variables and gives feedback – Previously
Measured Values are made available for Analysis & Comment
Figure 3.11h: Adaptive lesson lets students communicate the results
to instructor, or post on a discussion board for collaboration and
collective reflection
Figure 3.12a: Adaptive lesson lets students demonstrate their
understanding of the effects that are two orders removed from
experimentation
Figure 3.12b: Adaptive lesson lets students demonstrate their
understanding of the effects that are two orders removed from
experimentation
Figure 3.13: Adaptive lesson lets students know how they performed
against the lesson objectives
Figure 4.1: Example Lesson Structure
Figure 4.2: Pre lab Structure
Figure 4.3: Laboratory Structure

68
69
69
70
70
75
76
78

Glossary of Key Technical Terms
Sharable Content
Object Reference
Model (SCORM)

SCORM is a collection of standards and specifications for enabling
web-based e-learning, through communications protocols and
inter-operability and reusability. SCORM is usually used in
conjunction with learning management system (LMS).

Shareable Content
Objects (SCO)

A Shareable Content Object (SCO) is a launchable learning object
(content package resource) that communicates with the run-time
environment that launched it via the SCORM Run-Time
Environment (RTE) API. Usually, SCO is the lowest level of
granularity of learning resources that can be tracked by an LMS
using the SCORM RTE.

Learning Management
System (LMS)

Learning management system (LMS) is a suite of functionality
(usually software application or Web-based) that is used to plan,
implement, assess, create, deliver and manage a learning process
and content.

Intelligent Tutoring
Systems (ITS)

ITS is a suite of educational software containing an artificial
intelligence component that tracks students’ work, tailoring
feedback and hints along the way.

Remote Laboratories

A remote laboratory allows students and educators to access real
lab apparatus across the internet, using data acquisition
instrumentation and cameras so that the remote apparatus can be
controlled and monitored.
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Chapter 1: Introduction
Background
Need to Improve the State of Laboratory Pedagogy
Laboratory experiences have long been considered a core component of technical degree
programs – particularly in engineering and the applied sciences. Allowing students to
‘experience’ science through experimentation supports their learning and motivates their
engagement while fulfilling specific curriculum requirements. Improving this engagement is
critical to addressing the shortfall of students entering science-based professions. Funding
limitations, however, place significant constraints on the ability of schools to maintain highquality science laboratory experiences, in turn contributing to an ongoing disengagement
with science-based courses and subsequent career pathways. This issue is further
exacerbated in the context of resourcing the new Australian Curriculum: Science.
Despite this, there has been surprisingly little consideration given to why and how
laboratories are utilised, what the intended learning outcomes for students are and how to
improve this. One significant exception to this was an Accreditation Board for Engineering
and Technology (ABET) 1 Colloquy in 2002 (Feisel et al., 2002; Feisel & A. J. Rosa, 2005)
which was focused on laboratory education. One of the key outcomes was a taxonomy that
defined a set of 13 diverse learning objectives for engineering laboratories. These relate to
the development of abilities such as applying appropriate instrumentation and tools,
identifying the strengths and limitations of theoretical models, and the ability to collect,
analyse and interpret data, as well as many others.
While the ABET taxonomy might provide a framework for discussing the educational
objectives of laboratories, it is silent on how laboratories support these objectives. There is
some consideration in the literature regarding how to design laboratory experiences in
order to maximise learning outcomes (see, for example, Kirkup, Pizzica, Waite & Srinivasan,
2010; Kirkup, 2009). For example, in the above mentioned study, Kirkup and his colleagues,
identified and rated key concerns relevant to service teaching of laboratory courses. The
outcomes of this research was incorporated into internal curriculum overhaul and remained
a part of this internal curriculum design. Some aspects of these studies tend to be rather
specific to particular types of laboratories, selected pedagogic approaches, and desired
learning outcomes. As a result, not all of the findings are broadly applicable across a diverse
set of domains and objectives, except as valuable illustrative examples. Our study not only
incorporates relevant factors identified in such previous studies, but also attempts to elicit
tacit knowledge from experts such as Kirkup. Our study also raises the question of how we
might provide support for laboratory experiences in a more structured way than available at
present.
When carrying out educational laboratory sessions students are often (though surprisingly
not always) guided by a lesson plan or some variation thereof (a lab manual, an experiment
guide, even a simple set of questions or steps to follow). The paucity of research into the
development of these guides is consistent with the overall lack of research into laboratory
education in general. Findings from a recent National Engineering Laboratory Survey
(Kostulski & Murray, 2010) have highlighted the challenges faced in this area:
“Academic staff members are instrumental in selecting appropriate laboratory experiments
for their students, designing suitable lessons and in many cases also for delivering/assessing
the practical course component. This requires both technical and pedagogic expertise. ...
[and yet often] fundamental experiments have been conducted in the same manner with
unchanged lesson material for well over a decade.”
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A Technological Platform to Implement Laboratory Pedagogy
There is another related story. Providing appropriate laboratory experience involves
providing appropriate laboratory equipment, in addition to pedagogical support. Funding
limitations, as well as the rapid pace of technological change, has seen significant
constraints placed on the ability of schools to maintain high-quality science laboratory
experiences for their students. These limitations are likely to remain in the future. This is
further associated with a corresponding decline in students’ quality of science learning and
a progressive disengagement with science-based courses and subsequent career pathways.
A key challenge is to find cost-effective mechanisms that can support high-quality
experiential learning while also making the learning more active, engaging and motivating
for students.
A very substantial injection of funding to improve school laboratory facilities might be highly
desirable, but is largely unrealistic given the funding landscape and the numerous
competing demands on limited school budgets. This raises the question of how this
challenge might be met? The convergence of sophisticated control and instrumentation
systems, the emergence of the new Australian Curriculum, and growing access to highcapacity networks, enable a novel solution that has been proven highly effective in other
contexts: remote laboratories.
Remotely-accessible laboratories provide a high impact, extremely cost-efficient and
educationally effective approach to enhancing science education. A remote laboratory
allows students and teachers to use high-speed networks, coupled with cameras, sensors
and controllers, to carry out experiments on real physical laboratory apparatus that is
located remotely from the student. The earliest examples of remote laboratories date back
more than a decade, though the development of robust, enterprise-wide solutions is more
recent. The last decade has seen a growing body of research into remote laboratories. The
annual conference series REV: Remote Instrumentation and Virtual Engineering, which was
first held in 2004, predominantly focuses on remote laboratories. Significant journal
publications are regularly appearing in both specialised journals (e.g. The International
Journal of Online Engineering) and mainstream education journals (e.g. The IEEE
Transactions on Engineering Education, The European Journal of Engineering Education,
etc.). During the last decade there have been over 400 peer-refereed publications that
address remote laboratory issues. This research has clearly shown that remote laboratories
can, when used appropriately, provide a valuable educational tool that leads to effective
learning.
More significant, however, than the research has been the development of sophisticated
robust production systems. Continuous, reliable and high-quality services for remote access
to educational laboratories have been maintained for much of the past decade – with a
number of Australian universities being world leaders in this area. Both research studies and
existing experiences with remote laboratories have shown that they can provide significant
benefits both logistically and educationally. Videos showing a number of existing
laboratories can be seen at <www.youtube.com/user/labshareinc/videos>.
A key consequence of the use of remote laboratories is that a single common pool of
equipment can be shared across many schools and many students. Consider, for example, a
single item of equipment that is used for two one-hour classes each term. If this was made
remotely accessible then instead of supporting a single school, it could support up to 125
schools (10 weeks x 5 days x 5 hours per day / 2 hours usage per school), providing suitable
scheduling of access could be managed.
These cost efficiencies and flexibility of access also mean that access can be supported for a
much wider range of equipment than would be feasible for individual schools to support.
Further, the equipment becomes accessible most of the time (even 24/7 is possible in
principle), allowing students the flexibility to carry out experiments from home as well as
repeating experiments multiple times for better understanding and outcomes – provided
Enhancing remote laboratory learning outcomes through lesson plan integration within a learning
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they have a sufficient network connection. The nature of remote laboratories allows
students to make experimental observations on real equipment, capturing, studying and
analysing rich experimental data. The experimental interface records full data streams and
students access the full experimental records, rather than just ‘snapshots’ of the
experiments, giving opportunities for an understanding deeper than that which is often
available in conventional laboratories. Overall, remote labs provide an extremely costeffective mechanism for radically enhancing student access to science experimentation.
These benefits are particularly significant for schools and students that struggle with access
to science facilities: those schools in lower socio-economic areas, regional and remote
schools, and smaller schools that do not have sufficient numbers of students to support the
development of adequate science facilities. The benefits are also important in the context of
supporting science education within primary schools that traditionally have not been able to
justify the development of any significant science teaching infrastructure. This is especially
significant for primary schools in WA and QLD in our trials, where year 7 is still (for the
moment) located within primary schools, and hence the year 7 students are likely to have
very restricted access to science laboratories.

Scope
This OLT (formerly ALTC, hence also interchangeably referred to as ALTC/ OLT) project was
commissioned to research, design, implement and demonstrate how improved support for
laboratory experiences could be provided. One way of providing enhanced support for
laboratory experiences is to take a two-step approach.
Firstly, improve the quality of lesson plans by providing clearer support for academics,
possibly in the form of lesson plan templates that capture best practice across a range of
learning objectives.
Secondly, improve the guidance provided to students in using these lesson plans. Remote
laboratories provide a suitable platform for providing dynamic pedagogically sound support
to students.
We began implementing this two-step process by improving the quality of laboratory lesson
through the provision of clearer support for academics, including in the form of lesson plan
templates that capture best practice across a range of learning objectives. We also
implemented a proof-of-concept integration of a laboratory lesson guide system that
provides pedagogically sound adaptive guidance to students in laboratory settings. Remote
Laboratories provided an innovative platform for this implementation.
The project had five main stages of development, including:
• understanding what constitutes best practice based on knowledge elicited from
literature sources, exemplar lesson guides and expert inputs;
• development of lesson plans and templates based on these;
• integrating module into Lesson Management Systems (LMS);
• developing a set of guidelines for creating laboratory lessons; and
• disseminating outcomes through appropriate modes such as workshops and
publication(s)
Our focus has been on the lesson and lesson elements in the laboratory context.
Curriculum-level considerations have been left out of this report, as they are considered
outside the scope of this report. These high-level issues are better dealt with in such reports
as America’s Lab Report (NRC, 2006).
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Summary Approach
There are two main technical thrusts to this project. Thrust 1 explores how a pedagogically
sound laboratory lesson guide could be designed. Thrust 2 illustrates how a lesson guide
thus produced could be converted to an adaptive and dynamic lesson in a remote
laboratory context. Thrust 3 is aimed at disseminating what was developed and learnt in
Thrusts 1 and 2.
Enabling, supporting and running through all the above thrusts are the twin activities of
project management and systems engineering. The former plans the project and keeps it on
schedule, within budget and at or above quality standards. The latter integrates and
synthesises otherwise disparate activities and helps bring the ‘system’ to life.

Theme 1: Designing a Pedagogically Sound Laboratory Lesson Guide
This thrust therefore has a key focus on the development of lesson guide templates that are
effective. In order to provide effective support to students during laboratories, we needed
to ensure that the lesson guides that support the laboratory activities are designed
appropriately and are pedagogically sound. In order to appreciate what makes a
pedagogically sound laboratory lesson guide, we started with a multi-pronged strategy that
centres on expert input. We carried out a literature review to elicit key factors that might
contribute to best practice in laboratory lessons. We also gathered exemplar lesson guides
from a variety of undergraduate laboratories and had them evaluated by a panel of experts.
The lesson plans have been analysed to identify commonalities and differences. The lessons
were also used as props to structure elicitation of (often unarticulated or tacit) expert
knowledge on what makes a sound lesson guide. These experts provided their feedback
through a structured questionnaire followed by an interview to elicit contextual factors.
Separately, we elicited end-user or student input through an online survey.
These diverse streams of input were pitted against each other, providing some (albeit
limited) degree of validation. Details of eliciting expert and end-user inputs are addressed in
separate sections of Chapter 2, while a generic laboratory guide is described in Chapter 4.

Theme 2: Developing and Implementing Adaptive Lesson Guides in
Remote Laboratory Settings
Having improved the quality of these lesson plans, the next step was improving the
guidance provided to students in using them. Remote laboratories provide an innovative
way of achieving this support. The design elements that were elicited from these multiple
sources were employed to design an example laboratory lesson guide for a suitable remote
laboratory. The implementation consists of: integrating laboratory guides with the Learning
Management Systems (LMS) such as Blackboard and remote laboratory rigs to provide for
automated linkages between stages of the lesson guide and the physical laboratory session;
and making integration of laboratory guides adaptive. In a separate chapter (Chapter 3), we
describe these activities and outcomes in detail.

Theme 3: Dissemination
The outcomes from this work have been disseminated through a range of avenues. We have
specifically targeted a number of key presentations at various workshops and conferences,
as well as publications. Chapter 5 covers dissemination. Conclusions and recommendations
are described in Chapters 6 and 7 respectively.
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Chapter 2: Understanding the Laboratory Best Practice
and Eliciting Design Elements in Laboratory Guides
In this chapter, we describe our efforts to arrive at a pedagogically sound lesson
management plan or student lab guide, by creating lesson templates that capture best
practice in laboratory-based learning. The hypothesis is that a sound lesson guide design will
fill the existing gap in laboratory pedagogy, and mediate the student laboratory experience
with the laboratory rigs from cradle to grave.
In this quest to explore what makes a good laboratory lesson guide and what is good
practice, we have: (1) carried out a literature review to elicit key factors that might
contribute to best practice in laboratory lessons; (2) gathered exemplar lesson guides from a
variety of laboratories; and (3) had them evaluated by experts and end-users.

Analysis of Relevant Literature – Design Elements Elicited from
Literature
We achieved this first task, of uncovering key literature guidance for developing laboratory
lesson guides, through selecting appropriate articles, identifying the component
representing potential guidelines for construction of lesson guides, extracting appropriated
evidence and translating the evidence to a lesson guide element.
While there has been some work to date considering the learning objectives of laboratory
activities, there has been surprisingly little work that has focused on the specific design of
laboratory experiences (NRC, 2006, e.g. p. 6). Looking more generally at the design of
laboratory lesson guides which are used to guide learning experiences, there is some useful
research. Additional information is available in the paper we recently co-authored (Lowe et
al., 2012). Thus, we were able to elicit and summarise some of the keys elements that
pedagogical literature supports being in the laboratory lesson guides. In this paper, we
summarise some of the elements that the general literature supports being in the
laboratory lesson plans. Below, we give the range of literature sources cited.
Example Cross-Section of Literature Covered
Structure in Laboratory Lessons: Venkatachalam & Rudolph (1974), Reif & St John (1979),
Buck (2008), Atkin & Karplus (1962), Driscoll (2005), Jonassen (1997).
Cognitive and Personality Factors and Lesson Design:
• Cognitive and Metacognitive Factors: McCombs & Vakili (2005), Jonassen (1996),
Thorsen (1998), Egan & Gibb (1997), Harmon & Dorman (1998), Rust et al. (2005),
Mather (2000), Simonson et al. (2000)
• Motivational and Affective Factors: Combs (1976), Christensen, Anakwe & Kessler
(2001), Harper (2002).
• Motivation Theory and Engagement: Newmann, Wehlage & Lamborn (1992)
• ARCS model (Keller, 1983), Flow Theory (Csikszentmihalyi, 1990).
Collaboration: Bonk & Dennen (1999), Willey & Freeman (2006).
Interactive Learning and Simulation: Bransford et al. (1999), Egan & Gibb (1997).
Instructional Paradigms and Laboratories: Farnham-Diggory (1994)
Situated Learning: Brown, Collins & Duguid (1989), Herrington & Oliver (1995)
Problem Based Learning (PBL): Boud & Feletti (1997), Savery (2006), Jonassen (1997)
Thematic Learning: Ellis & Fouts (2001).
Narrative Based Learning: Mott, Callaway, Zettlemoyer, Lee & Lester (1999).
Learning Objectives: Feisel (2005).
Learning by Situated Examples: Collins, Brown & Holum (1991).
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Other similar experiments …
Additional Resource: Teaching in Laboratories: Boud, Dunn & Hegarty-Hazel (1986).
Process for Eliciting Lesson Plans from Literature:
Process of Eliciting Relevant Factors (primarily from Literature)
We surveyed existing relevant literature to identify and elicit guidance for developing
laboratory lesson plans. We achieved this through selecting appropriate ‘scientific articles’,
identifying the component representing potential guidelines for construction of lesson
plans, extracting appropriated evidence and translating the evidence to a lesson plan
element.

Outcomes
Laboratory exercises are a well-established tool within the applied sciences. Whilst there
has been some work to date considering the learning objectives of laboratory activities (see,
for example, the work in engineering, from Accreditation Board for Engineering and
Technology (ABET) (Feisel et al., 2002; Feisel and Rosa, 2005; Ma and Nickerson, 2006;
Boud, Dunn and Hegarty-Hazel, 1986; NRC, 2006; White, 1996) there has been surprisingly
little work that has focused on the specific design of laboratory experiences.
Looking more generally at the design of lesson plans which are used to guide learning
experiences, some useful research emerges. For example, Venkatachalam and Rudolph
(1974) suggest a design with two phases: an initial learning phase to give pre-requisite
understanding, and a subsequent challenge/inquiry phase to investigate further. Reif and St
John (1979) recommend that lessons ideally include small coherent blocks of work targeting
a single specific learning outcome, and progressively build in a symbiotic manner.
According to Feisel (2005), learning objectives play an important role in designing lesson
plans. The objectives must be explicitly expressed at the start of the lesson, and methods
and criteria that directly assess each objective must be given. It is also recommended that
the lesson graduate from more structured to less structured, as learners gain in experience
and sophistication. They could provide various levels of learner choice, control and coaching
commensurate with the needs, experience and interests of different types of learners.
In a 1994 article, Farnham-Diggory proposed three core instructional paradigms as
fundamental to pedagogy: (1) behavioural (quantitative difference between novice and
expert, and transformation requires incremental training and practice); (2) developmental
(postulates qualitative difference that can only be bridged by change of mental model
brought about by perturbation and challenge); and (3) apprenticeship (novices and experts
exist in different worlds or cultures. With expert feedback, novice becomes an expert by
immersion, and trial and error). Using these paradigms, it is possible to infer where a
laboratory lesson plan could fit. Each instructional paradigm is determined by two factors:
the nature of the expert model distinction, and the mechanism by which a novice becomes
an expert.
If students are taught a concept, bringing about a change in their world view, a
developmental laboratory that focuses on perturbation is appropriate. Students are
presented with a phenomenon and are asked to consider their understanding of the
concepts underlying the phenomenon. Students then observe the phenomenon, which is
often chosen because it demonstrates surprising or unexpected results. Students then
reflect on the observation and compare the results to their current model of thinking. This
process eventually leads the student to change their understanding of the concepts to a
more expert-like understanding. An apprentice type of paradigm is of relevance to remote
labs, only if artificial intelligence-based agents are employed to mentor students.
The inquiry-based learning has spawned many variations, which could contribute to design
of lesson plans. According to Buck (2008), the amount of structure provided in a lesson plan
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(degree of openness) is an important concept for promoting inquiry-based learning.
Designing lessons with different levels of openness could cater to different levels of inquiry.
Such inquiry-based learning facilitates deeper cognitive processes, and promotes innovation
and critical thinking (Healey and Roberts, 2004). A structured inquiry-based approach is the
Learning Cycle Approach, an inquiry-based teaching model. It has three or more phases. In
the three-phase version, there are Exploration (E), Invention (I) and Application (A) (Atkin &
Karplus, 1962). BSCS 5E model has five phases instead of the three from its predecessor. In
the beginning, it adds on an engagement phase and at the end it adds on an evaluation
phase. In general, constructivist (Driscoll, 2005) and situated learning (Herrington & Oliver,
1995; Brown, Collins, & Duguid, 1989; Collins, Brown & Holum, 1991) approaches have also
been reported to be positively contributing to learning outcomes. Especially, they advocate
embedding learning in complex, realistic and relevant environments, where possible using
authentic tasks completed in authentic environments, providing for social negotiation as an
integral part of learning, supporting multiple perspectives and the use of multiple modes of
representation, and encouraging ownership in learning and nurturing self-awareness of the
knowledge construction process.
On a related note, some researchers (Boud & Feletti, 1997; Jonassen, 1996) recommend
learning through pursuing problems as the basis of pedagogy. The problems must allow for
free inquiry, integrate a wide range of disciplines or subjects, and encourage collaboration
and peer evaluation.
At a slightly meta-level to individual lesson plans, thematic learning advocates (Ellis and
Fouts, 2001) advise integrating related experiments into a theme rather than stand-alone,
individuated labs.
On a related note, Narrative-Based Learning advocates (Bruner, 1990, 1991; Mott, Callaway,
Zettlemoyer, Lee and Lester, 1999; Gerrig, 1993) recommend providing for learners to
experience, explore and reflect, if not co-create or co-construct, the narrative and discover
knowledge for themselves, as part of the learning exercise.
There is extensive pedagogical research (Bonk & Dennen, 1999; Willey & Freeman, 2006),
encouraging collaboration to promote learning outcomes. For example, Jackson, Fletcher,
and Messer (1992), Jehng (1997), Tao and Gunstone (1997) and Carnes et al. (1987) report
higher performance on achievement tasks, and deeper conceptual change and reflective
experience, when students collaborate (as opposed to working individually). Kumpulainen
and Mutanen (1998) on the other hand report the odd case of mixed results in the sense
that collaborative work on the computer did not necessarily lead students to learn science
collaboratively. In this context, it is important to understand that not all collaboration design
is equal. For example, Howe, Tolmie, Anderson and MacKenzie (1992) and Hoffman (1997)
reported that heterogeneous groupings, which at times lead to peer conflict, result in
enhanced performance. Likewise, researchers such as Boud and Falchikov (2007), Falchikov
and Goldfinch (2000), Goldfinch and Raeside (1990), Rust et al. (2005), and Willey and
Gardner (2008) advocate using collaborative peer assessment and self-assessment to
provide practice opportunities and timely feedback. Willey and Freeman (2006) also
developed an online tool called SPARK® for this purpose.
Benefits of establishing and nurturing a community of learners have been confirmed by
research (e.g. social learning) (Haythornwaite, Kazmer, Robins, & Shoemaker 2000; Barab,
Makinster, Moore, Cunningham, & IFL Design Team, 2001), which counts personal contact,
reduction in student isolation and collaboration among the benefits of learning
communities. Researchers recommend supporting collaboration with appropriate computer
tools such as conferencing, chats (Jonassen, 2000), and online tutorials (Phipps and
Merisotis, 2000).
In general, researchers recommend setting up scaffoldings in lessons as well as through
supporting structures (e.g. Vakili as cited in McCombs and Vakili, 2005) to aid in discussions,
collaborations and learning, e.g. electronic spaces dedicated to social interaction, such as an
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electronic coffeehouse, and social messaging (Haythornwaite et al. as cited in McCombs and
Vakili, 2005), providing online facilitators (Mather, 2000) to structure and encourage social
interactions, and providing for new or untraditional roles through role-playing and
simulation (Bransford et al. as cited in McCombs and Vakili, 2005). Researchers also
encourage peer assessment as much as (if not more than) instructor assessment. Students
should (also) be graded for demonstrating judgment rather than simply using peer input to
assess performance of the target of the feedback (Willey and Gardner, 2008).
Motivation and engagement are essential to students learning things, and laboratories are
no exception. Individual factors as well as general cognitive parameters play a role in this.
Keller (1983) emphasises attention (attained through perceptual arousal, inquiry arousal,
and variability), relevance (reached through goal orientation, motive matching, and
familiarity), confidence (gained through learning requirements, success opportunities, and
personal responsibility), and satisfaction (attained through internal reinforcement, extrinsic
rewards, and equity) as aiding motivation. In Flow Theory, Csikszentmihalyi (1990) describes
the characteristics of activities that are inherently motivating. Among them, the ones
relevant to designing laboratory lessons include: designing tasks with goals, providing timely
feedback, enabling a sense of control, and making activity novel or distinct from mundane.
In this context, it is important to support exploration in an optimally challenged
environment that is safe, challenging but not threatening, and encourage students to take
risks to learn (Combs, 1976); allow, if not encourage, students to learn in an inquisitive
environment fostered by socratic questioning to probe learning and provide ongoing
feedback and guided practice (Vakili, 2001); provide opportunities for personal control and
choice in areas such as types of learning activities, criteria for evaluating learning progress
and outcomes, and specific technologies to use for learning activities (Christensen, Anakwe,
& Kessler, 2001; Harper, 2002; McCombs, 2001b); and provide interactivity that is directly
related to student perceptions about quality of the learning experience (Wagner, 1997).
For the purposes of stimulating and sustaining student interest, it is recommended that
opportunities for role playing and simulation games for conversation and learning be
created, debate among students be encouraged, and mentoring outside a remote lab
setting be undertaken (Bonk & Dennen, 1999; Bransford et al., as cited in McCombs and
Vakili, 2005). Personalisation and socialisation also play important roles in sustaining
student interest in laboratory learning.
The lesson plan should allow for the creation and customisation of parts of the output
through electronic portfolios and other authentic assessments such as student selfevaluations and rubrics that define online participation (Palloff & Pratt, 1999). Students
should be able to share this information among their peers. It could include pictures or small
video clips from the labs that students post on Facebook pages. Other research into
cognitive and personality factors relevant to lesson plan design includes the following
points.
To enhance both learning and interest, a life cycle-based approach to design of lesson plans
could be taken, including:
• creating linkages among information to create knowledge (Jonassen, 1996; Thorsen,
1998);
• providing access to experts, information and data (both historic and real-time)
(Bransford, Brown and Cocking, 1999; McKinnon and Nolan, 1999);
• employing collaborative, constructivist approaches aided by judicious use of multimedia
to communicate concepts (Harmon and Dorman, 1998; Goodyear and Steeples, 1999);
• employing simulation to create interactive learning opportunities (Bransford et al. 1999;
Egan and Gibb, 1997);
• focusing on inquiry and problem-based learning (Jonassen, Prevish, Christy and
Stavrulaki, 1999);
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•
•
•
•

utilising a learner-centred approach to tackle ill-defined, authentic and interdisciplinary
problems situated in real and appropriate contexts (also see situated learning);
actively encouraging student participation in discussing problems including a role in
determining their learning outcomes (Egan and Gibb, 1997);
providing means for organising information through appropriate forms of reporting
(Thorsen, 1998);
allowing for analysis and synthesis, and providing ways for reflection, discussion and
metacognitive evaluation of learning (double loop learning) including unobservable
learning through online supports (Phipps and Merisotis, 2000), allocations of time and
multiple passes (Palloff and Pratt, 1999; Vakili, 2001).

Eliciting the Laboratory Best Practice through Experts
Exemplar Lesson Guides as Elicitation Aids
Existing literature was not the only source of information for assessing lesson plans. The
primary source of this knowledge was ultimately subject matter experts (and, to a lesser
extent, end-users).
We also identified and set up a panel of experts who were willing to evaluate the lesson
guides and help elicit key design elements. The expert panel assessed the lesson plans with
the objective of identifying best practice.
We have collected exemplar lesson plans from across a diverse range of disciplines. We
collected over 36 unique lesson plans and had them evaluated against the key elements
identified from the literature.
We carried out a preliminary evaluation of the lesson guides in-house. We extracted
evidence from lesson plans and carried out a review of existing lesson plans, and
supplemented them with anecdotal evidence from the steering committee/expert panel.
After an in-house preliminary review to understand their structure and content, the samples
of collected laboratory guides were given to the experts. In addition to in-house preliminary
evaluation, most plans were run past two experts. The lessons were also used as props to
structure elicitation of (often unarticulated or tacit) expert knowledge on what makes a
sound lesson guide.
We designed the experts’ task carefully, keeping in mind that their time is limited. The
evaluation was structured in three small phases. In eliciting expert inputs, we followed a
hybrid approach, combining open holistic evaluation that gives the expert freedom to
generate their own criteria followed by more structured evaluation where we provided
evaluation criteria (that we elicited from the literature and updated as needed when expert
evaluation progressed). Following their feedback through a structured questionnaire, we
interviewed the experts to drill down into their earlier evaluations and elicit contextual
factors. The lesson plans have been analysed to identify commonalities and differences. In
addition to design patterns that contribute to lesson quality, we have also elicited contexts
in which those design elements are effective. We also elicited ‘anti-patterns’ (those that
have to be avoided) in the design of the lesson guides.
Although exemplar lesson guides were employed in knowledge elicitation, it is worth noting
that their role is limited. For example, it would be incorrect to assume that the key
contribution arising from the expert evaluation derived from the explicit evaluation of the
exemplar lab guides themselves and the way in which we then drew out potential criteria
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(pertaining to the lab guides that we had collected).
Elicitation sessions were not hands-off sessions, where experts were given lesson guides and
asked to make an evaluation. Instead, there was communication between us and the
experts.
In reality, however, the interviews that were carried out with the experts also played an
important (perhaps, the most important) role in this elicitation. The expert elicitation was
divided into three parts: (1) experts evaluated the lesson guides provided to them using
their own criteria. At this stage, we did not want the experts to be influenced by our
assumptions or our conclusions drawn from the literature search, etc.; (2) experts then
evaluated the lessons using criteria that we furnished; (3) we conducted an in-depth
(typically an hour long) interview with the experts. The lay out, instructions, evaluation
criteria in (2) and structure for the interview (3) are all given as part of the project report.
Significant support was provided to the experts during these processes.
As we were essentially attempting to elicit expert knowledge regarding best practice, the
lesson guides the experts were given to evaluate were essentially triggers to aid in the
elicitation rather than being the key form in which we might expect all best practice to be
encapsulated. This included, for example, structuring the elicitation, and triggering expert
memory by providing a context. These lesson guides are not the end in themselves.
The instrument employed in the expert elicitation is given in Appendix A.
Outcomes
The outcomes from expert elicitation are synthesised below. For the ease of organizing, we
have categorized the expert knowledge into “design criteria” (DC) (also referred to as design
elements/ components) and numbered them.
Definitions
[DC1] Transparent and Relevant Lesson Objectives and Outcomes: Good practice includes
the majority of the items below:
•
•
•
•
•
•

explicitly stated lesson objectives;
explicitly stated learning outcomes;
marking key linked to stated outcomes;
the experiment connects well with the curriculum;
the lesson can be completed in the allocated time; and
you could confidently conduct this experiment.

[DC2] Pre-Lab Preparatory Work and Testing: Good practice involves the majority of the
items below:
•
•
•

material given or suggested to prepare for the lab;
student pre-requisite or preparedness was tested before commencing the lab; and
opportunity was given to students failing in pre-requisite for improving the score and
returning to the lab.
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[DC3] Practical Skills Development: Encourages development of practical skills. Examples
include:
• Data analysis techniques;
•
•
•

Use of discipline-related software, or common tools from industry;
Proper documentation of findings (e.g. logbook);
Development of problem-solving skills; and

•

Demonstrating time management/scheduling skills.

[DC4] Communication Skills Development: Encourages development of communication
skills. Examples include:
•
•
•

written;
oral; and
presentation.

[DC5] Reflective Practice: Encourages participants to reflect on the process/results. Good
practice includes the majority of the items below:
•
•
•
•

checking for errors in the data, procedures and results;
result validation (i.e. comparing results with textbook values or other independent
sources to see if they are in agreement, and more importantly attempting to do this and
commenting on the outcome);
critical evaluation of data; and
requires conclusions to be drawn from data.

[DC6] Collaboration: Students are encouraged by design to adopt correct collaborative
practice (i.e. unique roles). Good practice includes the majority of the items below:
•
•
•

peer-to-peer evaluation;
group work with distinct individually appointed team roles; and
students required to integrate and apply knowledge from different teammates.

[DC7] Open Lesson: Without rigid structures, the lesson evolves to meet the needs of the
student without having to contain instructions for every step of inquiry. Good practice
includes at least some of the items below:
•
•
•
•
•
•
•

non-linear and students can move through the lab in different ways;
interactive;
student inquiry skill development;
opportunities for student creativity;
encourages lateral thinking and problem-solving skills;
experimental design and planning; and
opportunity for student autonomy.
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[DC8] Enhancement of Student Engagement: The lesson content is designed to encourage
student engagement. Examples include:
•
•
•

real-world application/context of lesson content;
health and safety issues; and
utilises student’s prior knowledge/experiences.

[DC9] Adequate Experimental Description: Generally, the lesson describes the laboratory
setting adequately, and should include descriptions of:
•
•
•

the apparatus/set up (e.g. rig);
the actual experiment as a whole; and
any specific procedures.

Summary of elicitation
Lesson Structure, Quality and Adequate Experimental Description [DC7]
Intent, Motivation and Applicability
Well-structured, high-quality lessons are a vehicle for enhancing student engagement. This
is achieved by orientating students and demonstrators on a path to self-realised success. It
may be provided directly through lesson content, or indirectly through verbal instruction by
lecturers or tutors.
A specific example of lesson structure includes adequate experimental description, having
objectives and outcomes well specified, etc. For example, the lesson should describe the
laboratory setting adequately, and should include descriptions of:
•
•
•

the apparatus/set up (e.g. rig);
the actual experiment as a whole; and
any specific procedures.

Well-structured labs not only improve student motivation, they free up coordinators and
instructors to provide feedback in areas other than interpretation or elaboration of lesson
instruction. Lesson structure will ideally take into account the expertise of students, the
context of the problem and other elements which affect the implantation of the lesson.
Contextualisation, Containing System and Interactions
A well-structured lesson should be intuitive to run. Coordinator or instructor input should
not be relied on, it should only be necessary to advance a lesson beyond its natural
limitations. The ideal structure of a lesson is context dependent. Student expertise and
lesson type factor into how a lesson should be structured. Good structure provides for
efficiency in process, and increases the likelihood of a student understanding what is
required of them in the lab.
Too much theory or too many equations will limit the effectiveness of a lesson regardless of
structure. It is expected that students know, or have a basic knowledge of, the theory.
Having too much information may distract them from reading and doing the experiment. If
lesson questions are ‘hidden’ amongst other materials, the quality of the lesson will suffer.
Structure is not the direct antithesis of openness. You can have a well-written lab that is
open and you can also have a well-structured lab that is poorly communicated.
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Transparent and Relevant Lesson Objectives and Outcomes [DC1]
One specific example of a good description of a lab is having transparent and relevant
objectives. For the sake of description, transparent and relevant lesson objectives and
outcomes could be split into two key components, namely explicitly stated lesson objectives
and explicitly stated learning outcomes.
The lesson guide should explicitly state the objectives and outcomes of the lesson, in terms
of learning outcomes, and how the student is expected to meet these objectives (Feisel,
2005). Enforcing this has one intentional and one incidental benefit.
Experiment objectives as well as overall learning outcomes should be explicitly stated in a
lab guide. Learning outcome transcends the current or immediate contexts. With the same
lab, you can have different learning objectives and vice versa.
Good practice includes the majority of the items below:
•
•
•
•
•

explicitly stated lesson objectives and learning outcomes;
marking key linked to stated outcomes;
the experiment connects well with the curriculum;
the lesson can be completed in the allocated time; and
the experiment can be confidently conducted.

Intent, Motivation and Applicability
Acknowledging the objectives of the lesson assists in focusing the student on their task by
making them acutely aware of what is required for successful completion. Instead of going
through the motions of a lesson’s instructions, incidentally absorbing knowledge, the
student is able to focus their efforts towards each milestone. Students will therefore have
clear expectations concerning the theoretical and practical focus of the lesson, and the
criteria by which they will be graded.
Explicitly stated learning objectives provide perspective for students, enabling mindful focus
on relevant lesson content, ensuring the requirements of success are understood, and
reducing the potential for distraction and wasted peripheral research.
Educators also benefit from the process of articulating desired learning outcomes of a
lesson. It forces them to acknowledge lesson structure, ensuring future iterations of the
lesson will be specifically aimed at achieving the desired outcomes. Over time this will lead
to more efficient and therefore more productive lessons.
Learning outcomes highlight the long-term educational impact on students that successfully
complete a lesson. Stating these outcomes provides a context for students’ ongoing
development, which enhances their engagement through motivation.
Contextualisation, Containing System and Interactions
Lesson objectives and outcomes make students aware of what they are supposed to learn,
lessening the potential for distraction and wasted peripheral research. These factors are
known to enhance student engagement according to flow theory (Feisel, 2005).
Explication, in general, provides guidelines and prepares students for closed-form
assessment. Objectives and plans are necessary to assess if student have successfully
completed the activity. It is also best practice in instructional design.
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Learning objectives and outcomes also interact with other elements, especially engagement.
They set the scene that what is done in the lab can affect real-world examples. The more
accurate/relevant learning outcomes are to the lesson content, the greater the
enhancement to student engagement.
If the objectives are not clear the quality of the lesson will be compromised.
On the downside, the following issues have been identified:
•
•
•
•
•

For advanced students, over-specification could be seen as a contrast to openness.
Being overly explicit could also risk the lab becoming a spoonfeeding exercise. However,
this depends on the specific laboratory and student body.
Too much background information means that students may not abandon reading or be
confused by what is relevant.
If there is a mark attached to learning outcomes, then students are going to limit
themselves to what is needed to achieve the marks. Most of them have this criterion.
If something is too lengthy, this could negatively impact on the lesson quality (although
including material as an appendix can mitigate such loss).
In scoping, distinctions between apparatus, experiment and activities/tests have to be
taken into account. In general, this explication is more important for students at the
early stage of a study.

Pre-Lab Preparatory Work and Testing [DC2]
Another part of the structure is ensuring appropriate preparatory work is given to students
and having provisions for testing pre-requisites. Good practice involves these items:
•
•

material given or suggested to prepare for the lab; and
student pre-requisite or preparedness is tested before commencing the lab.

Intent, Motivation and Applicability
Pre-lab activities reinforce the students’ knowledge of materials required to undertake an
experiment that builds on this knowledge. By ensuring that this requirement is met the
focus of the lesson is able to be maintained without distraction or extensive reflection of
previous concepts. This leads to reduced cognitive strain which allows for a deeper focus,
and potentially understanding, of higher order concepts.
Pre-lab will enable students to concentrate on outcomes relevant to the lab instead of
getting bogged down in pre-required knowledge.
Contextualisation, Containing System and Interactions
Skills learning should not be the focus of limited lab time; it should be learnt beforehand,
either through pre-lab or instructional video.
Lab work should be spent on work dependant on being in the lab. Other work, such as
deriving equations, should be done pre-lab or post-lab.
Opportunity should be given to students failing in a pre-requisite for improving their score
and returning to the lab.
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Practical and Communication Skills Development [DC3/4]
A good early stage laboratory should encourage development of practical skills. Examples
include:
• data analysis techniques;
• use of discipline-related software, or common tools from industry;
• proper documentation of findings (e.g. logbook);
• development of problem-solving skills;
• demonstrating time management/scheduling skills; and
• encouraging development of written, oral and presentation/communication skills.
Communication skills are often cited as lacking in engineers. Lab reports are among many
means to impart this skill. Wiebe and Carter (Carter et al., 2004; Wiebe et al., 2001) have
explored this problem and have developed a tool that supports communication throughout
laboratory session lifecycles. Otherwise, this topic being self-explanatory, we will not dwell
on this any further.

Reflective Practice [DC5]
Reflective practice, in the laboratory context, means the process of evaluating the process,
inputs and outputs of the laboratory exercise. Reflective practice should encourage
participants to reflect on the inputs, processes and results. Good practice includes the
majority of the items below:
•
•
•
•

checking for errors in the data, procedures and results;
result validation (i.e. comparing results with textbook values or other independent
sources to see if they are in agreement, and more importantly attempting to do this and
commenting on the outcome);
critical evaluation of data; and
requires conclusions to be drawn from data.

By making students aware of patterns that influence success or failure they become more
self-aware of the strengths and weaknesses of their learning processes, while enhancing
their recollective experience by recognising results that appear reasonable.
Intent, Motivation and Applicability:
Reflective practice is an important skill for students to learn and should be present in all
lessons to some extent. There are several theories that could relate to reflection. We
highlight a few to begin with:
•
•

•

Inquiry-based learning has been associated significant benefits including promotion of
deeper cognitive processes (Healey and Roberts 2004).
Driscoll (2005, p. 393) identifies “problem solving, reasoning, critical thinking, and the
active and reflective use of knowledge” as the goals of constructivist instruction and
provides the following constructivist conditions for learning: (1) embed learning in
complex, realistic and relevant environments; (2) provide for social negotiation as an
integral part of learning; (3) support multiple perspectives and the use of multiple
modes of representation; (4) encourage ownership in learning; and (5) nurture selfawareness of the knowledge construction process.
Lessons from a situated learning approach include: authentic context relevant to reallife; authentic actions, knowledge and guidance from experts; multiple perspectives and
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roles; construction of knowledge through collaboration and coaching; reflection;
articulation to make tacit knowledge explicit; and assessment of learning integrated
within the tasks (Herrington & Oliver, 1995).
•

Feedback: provide ways to give feedback. Timely, adequate and focused feedback is
important for learning outcomes (Rust et al., 2005).

Reflective practice facilitates a deeper understanding of material and helps students learn
from mistakes. Reinforcement of the advantages of reflective practice leads students to
develop a respect for the importance of lifelong learning. This is significant because all forms
of enquiry and learning require critical evaluation of processes and results in order for the
learning to be validated and applied in other suitable contexts.
Reflection on the methods and processes that lead to success are just as important as
achieving the success itself. By being made aware of the sources of success and errors,
students are better able to recognise the indications of each in the future. Reflection also
leads to deeper consideration of lesson content, potentially leading to a deeper level of
understanding. This is a design element that is needed in every lab.
Simple and designed examples of reflection are any student tasks that require students to
compare previously recorded information or form links between different sources of
knowledge. Consider the case where a student calculated the ball of water the size of Mars
for a laboratory outcome. Being able to explain the error gave not only additional marks,
but also gave a new learning experience.
Contextualisation, Containing System and Interactions
Reflection may happen explicitly within the lesson, or at the student’s leisure outside of the
laboratory. In either case it is often difficult to assess reflection as a lesson outcome. One
expert related their use of concept mapping as a useful reflective tool to monitor a student’s
success of specific learning outcomes. While reflection should be compulsory initially, as the
students become proficient they should be allowed to reflect as part of their natural
learning process. Reflection is more useful in activities where there is some component of
openness, or choice on the part of the student. Being able to critically evaluate results and
processes is relevant and important in all learning, as it allows better understanding of the
work.
While designing a lesson with reflective elements requires more involvement from lab
instructors and designers, it can be applied to a wide variety of tasks regardless of difficulty.
However, tasks which have varied potential outcomes, such as non-linear open-ended tasks,
will benefit more from incorporating directed reflection.
Open-ended tasks do not work as well without reflection. Students will benefit differently
from open-ended tasks depending on where they have put an emphasis on their learning.
Peer-to-peer evaluation, in the context of collaborative learning, is also a powerful tool, as it
allows students to compare their understanding within a larger pool of perspectives,
knowledge and experience.
Reflection can be used to supplement tasks that involve introducing new concepts/content.
Reflective practice is more important for tasks relating to understanding/implementation
than remembering.
That said, one cannot force people to reflect. They have to look at every step to fully reflect.
Besides, reflection may take place in the lab or outside it. The bigger ideas might come
afterwards, when the concept sinks in, but there are small steps of reflecting on validity and
error checking, etc. that can happen in the lab.
In general, instructor feedback is given only on evaluated tasks. Between the start of the lab
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and arriving at answers, there are plenty of learning opportunities that can be utilised, if a
student participates actively and does some reflection themselves.
Reflection forces the student to consider the outcomes of their work, both conceptual and
practical, allowing them to form opinions on the correctness of outcomes without the need
of formal evaluation (although validating these predictions through evaluation is initially
important).
Finding the answer is only half of the solution; you need to understand how to get there.
Reflecting on mistakes ultimately improves learning. Besides, act of reflction reinforces
habit of learning from mistakes. Reflection also allows for deeper learning and contributes
to positive lifelong personal guidance.
If students are to be taught a concept by bringing about a change in their world view, a
developmental laboratory that focuses on perturbation is appropriate. Students are
presented with a phenomenon, and are asked to consider their understanding of the
concepts underlying the phenomenon. Students then observe the phenomenon, which is
often chosen because it will demonstrate surprising or unexpected results. Students then
reflect on the observation and compare the results to their current model of thinking.
Ideally this process eventually leads the student to change their understanding of the
concepts to a more expert-like understanding.

Collaboration [DC4]
Students are encouraged by the design of lesson guide to adopt correct collaborative
practice (i.e. unique roles). Good practice includes the majority of the items below:
•
•
•

peer-to-peer evaluation;
group work with distinct individually appointed team roles; and
students required to integrate and apply knowledge from different teammates.

Collaborative teamwork involves the division of labour within a group to complete a shared
task. Advantages include greater task efficiency and enhanced reflective practice. Successful
collaboration requires team members to adopt separate roles which cause them to rely on
their teammates and in turn be relied upon.
Intent, Motivation and Applicability
A plethora of academic research has shown that collaborative practice promotes higher
reasoning and deeper cognitive practices, and is therefore an attractive addition to any
lesson plan (Jackson, Fletcher, Messer (1992), Carnes (1985), Jehng (1997), Howe, Tolmie,
Anderson, & MacKenzie (1992), Hoffman (1997)). Effectiveness of the synergy involved in
collaborative work is shown by higher performance on achievement tasks by groups of
collaborators as compared to the same number of isolated individuals (Jackson,
Fletcher&Messer (1992) & Carnes (1985)).
However, it has also been shown that lessons including collaborative elements must be
approached with an extreme deliberativeness. Lessons should not include collaboration just
for the sake of it. Lessons must promote collaboration by design (simultaneously being
enhanced by collaborative practice). Incidental collaboration should not be the norm.
Proper use of lesson structure and outcomes should be promoted through proper use of
collaboration (Johnson & Johnson, 1989). Therefore while the lesson template should have
the option to include collaborative elements, it must not be a mandatory enforcement. The
following points also demonstrate the advantages of different forms of collaboration (text,
audio, video/synchronous, asynchronous).
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Relevant theoretical perspectives underlying collaboration include:
•
•
•

Learning as Social Development: Social nature of learning and knowledge building
(Vygotsky, 1962).
Social Constructivism (Cobb, 1994) emphasising collaborative processes in knowledge
construction.
Situated Learning (Lave, 1990) focuses on interaction between the contextual aspects of
learning, the learner and the learning process.

When planned correctly, collaboration allows for a greater perspective and deeper
understanding, but only in circumstances that benefit from doing so, such as design-based
tasks. Additionally it allows students to gain experience in working in teams, which is a vital
skill that can only be learned through experience. When collaboration is included in a lesson
without due consideration or proper lesson design, ‘freeloading’ and distraction may detract
from the student learning experience.
Collaboration leads to deeper cognitive processes in response to forming thoughts and
opinions in an external manner. More often than not the skills and knowledge learnt will be
implemented in a social context; to this end it is beneficial to also learn in a social context.
In certain circumstances, collaboration helps in problem-solving and helps work in teams. It
is good for tasks such as design. Collaboration is also reflective of the real world, where
teamwork is common in achieving ends. Exposure to multiple perspectives/ideas also helps
construct a better model of the problems.
Unfortunately, collaboration also allows for teammembers to detach, often exposing
underlying disinterest..An example is team design projects. Engineering projects where
collaboration within a team and competition with other teams are a good example. In these
cases, people do not get to choose their own teams, and roles are assigned (but may be
rotated).
Successfully implemented lessons featuring collaborative elements are designed with this in
mind, taking advantage of the reality that the combined efforts of a group generally
produces work greater than the sum of its members. Complex lesson tasks that benefit from
multiple perspectives or backgrounds further enhance collaboration, provided that students
have the required knowledge between them. Because students generally have similar levels
of theoretical knowledge in a tertiary learning experience, lessons that draw on real-world
experiences have the added benefit of making each student’s perspective potentially unique
and useful.
If the lesson can be easily attempted by an individual student, or there is a limit on time, it
should be presented as a cooperative, instead of collaborative, lesson. Lessons that do not
require different roles, a common objective between students or simple introductory
concepts should not be presented in a collaborative context.
Contextualisation, Containing System and Interactions
Tasks involving advanced concepts that make working as a team an inherent advantage are
best suited to collaborative formats. If the goals of the lesson extensively involve students
learning fundamental skills for themselves, report writing or other tasks not relevant to
group work, then collaboration is not recommended. To ensure collaboration is used in the
correct context, the goals of the lesson need to be defined beforehand, and then assessed
for their suitability.
Lessons which are time sensitive, or focus on introductory concepts, should not be
presented in a collaborative context. Ideally lessons properly suited to collaboration are
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presented with a common focus for collaborators, involving tasks that require a diverse
array of skills which make team work and interaction necessary for success.
Learning outcomes and marking criteria should reflect the collaborative focus of a lesson. If
this does not seem justified then including collaborative elements in the context of the
laboratory lesson should be reconsidered. Collaborative practice and peer interaction play
an important role in the learning process and lead to better learning outcomes.
Collaboration also encourages reflective practice (Tao and Gunstone 1997), even though the
latter is often perceived as an independent of the type of learning activity, theoretical or
practical.
Collaboration is one method for eliciting deeper cognitive processes. Outside of completely
controlled environments the shortcomings of collaborative learning potentially exceed the
benefits and so the approach should be used with caution.
Forcing communication of ideas causes deeper cognitive practise, so even simple tasks are
learnt more effectively. The downside to this can be enforcing all members to contribute,
leading to unbalanced contributions.
Collaboration is strongly tied to reflective practice. By being accountable to people other
than themselves, people deliberate and evaluate others’ ideas more.
Collaboration also feeds back to learning objectives. If you want students to develop a
specific skill, collaboration does not work. If the objectives are about teaching big-picture
ideas, or solving problems, collaboration is appropriate. Collaboration often fails in
reporting, where one person does the work. Perhaps, reporting should be made an
individual task.
In identifying scenarios for collaboration, look closely at learning objectives first. If you want
lots of ideas to come out of the lab, or if the tasks are very complex, collaboration is a great
idea.
When evaluating the benefits of collaboration, also consider the ‘freeloader’ effect versus
the synergy that collaboration can provide. Collaboration encourages division of labour and
specialisation. The instructor can set the roles and rotate them.

Open/Non-Linear Lesson [DC5]
In open lessons, without rigid structures, the lesson evolves to meet the needs of the
student without having to contain instructions for every step of inquiry. Good practice
includes at least some of the qualities below:
•
•
•
•
•
•
•

non-linear;
interactive;
student inquiry skills development;
opportunities for student creativity;
encourages lateral thinking and problem-solving skills;
experimental design and planning; and
opportunity for student autonomy.

Open lessons do not contain explicit instructions for every step of inquiry; rather they allow
students to develop their own paths of inquiry. Non-linear lessons are an example of an
open lesson, where each path is a result of the success of the previous steps. As such, failure
of at any given stage of the lesson is not necessarily an undesirable, eventuality, as the
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failure and the subsequent steps (triggered by the history, including failure) take the student
through a learning experience appropriate to him/ her.
Intent, Motivation and Applicability
Lessons featuring elements of openness inevitably involve students utilising their creativity
through inquiry-based learning, usually through the investigation of research questions
which build on previous knowledge. This presents students with the opportunity to
experience positive failures and how to learn from this.
Because students are not guaranteed to successfully complete all lesson objectives when
failure is a possibility of a successful lesson, it may be useful to allow students to repeat
open lessons. This allows students to learn in a manner suitable to their individual style and
ability, while encouraging reflective practice and enhanced engagement. However, the
significance of these contributions will be dictated by the stated learning outcomes for the
lesson and how these guide the students’ learning experiences.
Students are taught how to deal with situations where the methods and/or goals are not
explicitly stated, and how to deal with failure. This style of learning is not conventional at
secondary and early levels of tertiary education. While some students may initially struggle
with open lessons, it is beneficial for students to confront these types of problems early on.
As long as tasks do not outpace the experience and comfort of students, it is recommended
that all lessons include at least one open lesson component, as an absence will negatively
impact on lesson quality.
Examples vary from open and path dependent lessons with nonlinear branching to such
simple logistical modifications as negotiated time schedules and use of variety of media. The
recommended design also includes breaking up lessons into modules or blocks addressing
single specific learning outcomes and providing opportunities for inquiries and interactions.
In a recent article, Buck (2008) reports that the amount of structure provided in a lesson
plan is an important concept for promoting inquiry-based learning.
Key characteristics of problem-based learning (PBL) include the instructor’s role as a tutor,
as PBL utilises a learner-centred approach; the use of ill-defined, authentic, interdisciplinary
problems in a relevant context; the active role of students, including a role in determining
their learning outcomes; and the importance of debriefing the experience and requiring the
students to reflect on their learning.
Students take on responsibility for the direction of their work, allowing for higher levels of
engagement. Openness allows students to prepare for application of content outside the
classroom, where explicit instructions or objectives are not guaranteed.
Open lessons encourage new ways of thinking, looking at problems, and considering options
other than those which are presented to you or obvious. In this paradigm, perspectives
involving inquiry and research are encouraged, more so than actual skills development. An
example task is designing, constructing and programming a mechatronics robot with a set
goal (navigational/mechanical manipulation).
Contextualisation, Containing System and Interactions
The ideal context in which open-ended tasks are presented will inevitably depend on the
cohort and lesson objectives. Despite this, there are key characteristics to open lessons that
can be applied across all disciplines. Tasks that follow on from, or integrate, concepts that
have been learnt previously, and involve creative design, are ideally presented in an open
context. It is important that supervisors or lab instructors are knowledgeable in the subject
matter being taught, so that useful and constructive feedback can be provided, without a
negative impact on the students’ creative processes.
Enhancing remote laboratory learning outcomes through lesson plan integration within a learning
management system framework

27

Lesson objectives must support an open format, in that they allow for students following
varied paths to success. Students must also meet a minimum level of proficiency before
becoming confident in exploring different solutions to an open task. To ensure that students
are given enough support instructors must be held to a higher standard in terms of subject
proficiency.
Reflective practice will inevitably result from a lesson with open elements. Whether it
involves students reflecting on the processes which lead to failure or success, it is a useful
practice to undertake. While many students will find the creative, self-directed tasks
engaging, others will struggle when required to think for themselves. One method of
mitigating these issues is to include collaborative elements in the task. However, as
mentioned earlier, the task should be suitably complex and build on previous knowledge,
rather than introduce specific skills to inexperienced students.
Open lessons are used to advance students that are already adept at a given knowledge
pool. The outcome depends on the cohort as well as the lesson objectives.
Further, the more experience students have previously attained, the more confident the
student cohorts are likely to be, and the more likely they are to prefer to engage in an openended study.
Open lessons encourage assimilation of knowledge from other places. And lesson objectives
must support an open format for them to be effective.
Openness interacts with other design criteria. For example consider student engagement.
For many students, who can meet the challenge, it might make a lesson more engaging,
whereas some students may not manage well.
Openness in the lesson is more suited to collaboration. It is a useful skill. If you are trying to
teach a specific skill to an inexperienced student, openness could become a distraction. At
the stage where students have to learn specific skills, open lessons should not be employed.
Open lessons develop the ability to apply skills beyond the lesson context, and offer the
ability to develop maturity in skills. As interesting as it may seem, one lab cannot teach
everything in an open-lesson format. It has to be a mixture. Some parts of the lab can be
open, while the lesson itself can be structured and specific.
Student direction of the work allows them to focus on fields they prefer. A potential
downside is that they might avoid work in areas they are not proficient in (but will
potentially become more aware of them). Success assumes that students are at an adequate
skill level to provide direction for themselves.
After several minilabs a main lab will be given, which uses the elements previously learnt in
a symbiotic manner. This not only aids in promoting reflective practice, it also creates the
opportunity for nonlinear lessons (Reif and St John 1979). Creating individualised learning
strategies have also been advocated by experts (Jonassen, 1996; Simonson, Smaldino,
Albright, & Zvacek, 2000).
One method to ensure a lesson promotes inquiry-based learning is to modify the structure,
or openness, of the lesson. Therefore an option should be provided to modify the openness
of a given lesson. Different levels of openness of a single lesson should be facilitated
through a sliding scale or similar. Lessons in their original form are not open and provide
explicit instruction for the students to follow in order to complete the laboratory objectives.
As the lesson becomes more open information pertaining to theory, procedure and analysis
will be withheld, forcing students to formulate their own plan of action (Buck, 2008).
Therefore a single core lesson will provide a range of lessons with the same fundamental
concepts, but with varying openness, suited for different academic levels of inquiry: a sliding
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scale that denotes “openness of the lab” (Buck, 2008). While the template will initially be
completed in its entirety, the option to alter the openness of the lab through the omission
of lesson components will aid in enhancing inquiry-based learning (as desired).
We now further discuss the implications of openness using two key dimensions, namely
design thinking and contextualisation.
Design Thinking:
Incorporating opportunities for design thinking may be one of the components of an open
lesson.
Openness requires higher order design thinking, e.g. in a given task, there are no set
procedures or formulae. The students have to solve the problem with what they know and
what they can learn, collaboration and what they bring to the table. The degree of
openness can vary depending on the level of the students. First year students might get a
non-technical problem, while in their final year students might get a highly technical
problem. The performance could be measured through reflection and the process the
students went through, not necessarily by the outcome. Higher order thinking is an
individual assessment rather than group assessment (even though it is a group outcome),
e.g. concept mapping in the reporting (individual reflection in a group report). The factors
and the level dealt in the concept maps should be relevant for the type of course and
program/career. Also important is that students get hands-on and learn from experience.

Context/Real-World Application:
Another key dimension of openness worth discussing is context/real-world application.
Lessons that include a context, such as a real-world application, relevant to students’
experiences enhance the overall learning experience.
Context for the actual experiment – how it fits into a bigger picture – is important. Students
should see the relevance to practical application. If the students cannot readily connect to
the activity either from discipline perspective or channel perspective, the activity becomes
irrelevant.
This is significant from a learning perspective. Unless students see the relevance of the
activity in a ‘real’ context, they are unlikely to take anything away from the activity.
In the networking lab, material relates to network security, etc. It is clear that if students
look into networking activity without a context, it is very boring. Once context is provided,
they start listening and pay attention.
Depending on the learning outcomes or issues specific to a particular experiment,
contextualisation may work against the learning outcomes in certain circumstances and can
become distracting. Context also relates to reflective practice. Ultimately, a teacher wants
to form a coherent picture that includes all relevant elements.

Enhancing Student Engagement [DC6]
The lesson content is designed to encourage student engagement. Examples include:
•
•

real-world application/context of lesson content;
health and safety issues; and

•

utilising student's prior knowledge/experiences.

Student engagement is arguably the most significant driving force for lesson development.
Saye and Brush (1999) define students engaging with a topic as involving “psychological
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investment and effort directed toward mastering complex academic work” (p. 469).
Intent, Motivation and Applicability
Student engagement is the cornerstone of high quality learning, given students will not
learn unless motivated to some degree. The methods of facilitating engagement vary
depending on the context of the lesson and the students themselves, and hence various
techniques are required to motivate different types of learners within a given lesson.
Engagement causes students to adopt a more personalised approach to learning, leading to
deeper thought processes. Learning for learning’s sake is not always enough; sometimes the
student is helped through the proper use of relevant context.
Engagement is essential to learning. How to achieve student engagement might depend on
context, but student engagement itself is essential. Regardless of context, it is important.
Historically and/or professionally, relevant lesson content, personalised learning, etc. foster
engagement.
Saye and Brush (1999) define students engaging with a topic as involving “psychological
investment and effort directed toward mastering complex academic work” (p. 469). There
are multiple theories of motivation and engagement (Newmann, Wehlage, & Lamborn 1992,
p. 13; Keller, 1983; Csikszentmihalyi, 1990). With regard to instructional design in general
and lesson plans specifically, motivation refers to engaging the students with the
instructional content.
According to Newmann, Wehlage, & Lamborn (1992, p. 13), “inner quality of concentration
and effort to learn” requires: “Clear and compelling standards; protection from adverse
consequences for initial failures; affirmation of performance; affiliation with others; novelty
and variety; choice; and authenticity” (p. 70).
There are two significant models that describe motivation, namely:
•
•

Attention, Relevance, Confidence, Satisfaction (ARCS) (Keller, 1983), and
Flow Theory (Csikszentmihalyi, 1990).

The ARCS model (Keller, 1983) focuses on “attention, relevance, confidence and
satisfaction” as aiding motivation:
•
•
•
•

attention can be gained through perceptual arousal, inquiry arousal and variability;
relevance may be reached through goal orientation, motive matching and familiarity;
confidence may be attained through learning requirements, success opportunities and
personal responsibility; and
satisfaction strategies can incorporate internal reinforcement, extrinsic rewards and
equity (Small, 1997).

Flow Theory (Csikszentmihalyi, 1990) is based on positive psychology and is highly relevant
to motivation, and focuses on describing the state of motivation and some of the conditions
that promote this state, even though the theory was not created with instructional design in
mind.
According to Csikszentmihalyi (1990), eight components of deeply enjoyable activities are:
•
•
•

a task the person is capable of completing;
the ability to concentrate on the task;
the task has clear goals;
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•
•
•
•
•

the task provides immediate feedback;
the person acts with a deep but effortless involvement that removes stress of everyday
activities;
the person perceives a sense of control over his or her actions;
self-concern disappears, yet self-awareness is strengthened following the activity; and
the sense of time is altered.

In describing flow-inducing activities, Csikszentmihalyi (1990) describes characteristics that
make activities conducive to flow:
•
•
•
•
•

they have rules that require the learning of skills;
they set up goals;
they provide feedback;
they make control possible; and
they facilitate concentration and involvement by making the activity as distinct as
possible from the so-called paramount reality of everyday existence.

Contextualisation, Containing System and Interactions
“Engagement ensures students complete lessons without avoiding or shortcutting them.
This would be very relevant to achieving any learning outcome. I believe some of the
examples are more relevant than others (real world context and marking keys are likely to
be more engaging than log books). The ability of the lesson to engage students depends a
lot on the students’ learning style.” – said one expert, who was consulted.
Engagement interacts with all other design components. For example, engagement of
higher level students can be achieved using lessons with an open-ended framework.
That said, engagement is important at all skill levels and in all disciplines. It incentivises the
student to take responsibility for their own learning.
Another way of engaging students is by setting clear incentives (e.g. marks, lesson
objectives, instructions).
Student engagement is such an overriding concept for lesson development that no other
element should diminish student engagement.
The ‘whole’ lesson design needs to be considered in terms of how to engage students.
Essential to engagement is integrating all elements in a seamless fashion. Laboratory
practice is fraught with many forms and levels of fragmentation. For example, laboratory
sessions are not necessarily integrated within the larger curricula (NRC, 2006). Then, there is
separation of theory and practice (e.g. Hofstein & Lunetta, 2003; McCormick, 1997). There is
also the need for integration between elements. All these need to be taken into
consideration in developing an integrated lesson providing an engaging experience. That
said, the curricula-level integration has been left out of this report, as it is considered
outside the scope of this report.
Conclusions
In designing laboratories, there are various design elements at an educator’s disposal.
Different elements promote different experiences to students. We have elicited a set of key
elements that go into laboratory lesson design in a broad brush fashion through expert
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knowledge elicitation. It is worth noting that the applicability of these elements differs
depending on the experimental and pedagogical context as well as student competency.
Some of the trade-offs involved in the design:
•
•
•
•
•
•
•
•

theory validation in early years vs design in later years;
data gathering vs theory application;
extent to which a laboratory is individual task versus a collaborative task;
linking to theory and derivations vs validation of best practice engineering;
watching a demonstrator do it safely/precisely vs getting a hands-on experience;
extent to which one prescribes set of tasks vs freedom to experiment;
using dangerous and expensive equipment vs small computer-based explorations; and
time to set up equipment and see in person vs watching a recording.

It is also important to note that the theories of pedagogy were not part of the elicitation.
We carried out the literature review preceding elicitation, from which we synthesised
factors that could potentially contribute to improving laboratory lessons. It was in this
context that theories such as PBL, Motivation Theories, etc. were introduced into the
discussion – as a way of identifying potential factors that could then contribute as triggers
during the expert evaluations. In other words, we were interested in what theories told us
about best-practice approaches. For example, PBL can be seen feeding into aspects such as
the construction of open-ended tasks, which are discussed extensively in the report.

Understanding Laboratory Best Practice from Students’ Perspective
(Student Survey)
Inputs from end-users (students) were elicited via a web survey in a crowd-sourcing fashion
from a number of interested students. The following discusses the results from the exercise.
The full instrument used is given in Appendix B.
Introduction
The survey was introduced as an attempt to understand the range of laboratory experiences
that the students have had (both good and bad) at undergraduate level, and the factors that
contributed to this. The students were told that their participation would help improve the
laboratory experiences of other students in the future, and that it was an anonymous
survey.
The primary purpose of the survey was to generate new factors that might not have been
captured by expert elicitation alone. In addition, validating the knowledge that the experts
had generated is a secondary (‘nice to have’) benefit of this exercise.
The 20-minute survey was divided into four stages, namely:
• non-identifying demographic information;
• best laboratory experience;
• worst laboratory experience; and
• closure.
Discussing extreme experiences is subjective (as all stated preference elicitation exercises
are), but is scale-free. This exercise is not about measuring those experiences on any scale,
but instead is about understanding qualitatively what the respondent considers as factors
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that contribute to these experiences. This is in line with the primary purpose of the exercise,
which is generative.
Clarity of Survey
Definitions of Some Terms: While we tried to avoid jargon and keep the language simple, it
was not always possible. Some terms that are subject to misinterpretation are defined prior
to those questions. For example:
•
•
•
•

Lesson objectives: short-term tangible goals that students aim to achieve through
completion of a lesson.
Lesson outcomes: long-term educational impacts on students that result from
successful completion of a lesson.
Data evaluation: making sure that the data makes sense/is not inconsistent with other
data.
Validation: A reflective practice which involves running a series of tests to ensure that
outputs meet standards of success.

We had specifically placed questions to elicit, if the survey questions were clear to the
respondents. Each key section had a binary question. Each key multiple choice question had
a textbox to identify any question that was not clear. At the end of the survey, participants
were asked to elaborate on the questions that they felt were not clear. Anonymity of the
survey is also expected to assist in receiving feedback.
Best Laboratory Experience Section: In response to the binary choice question – whether
they did not understand anything in the survey – about 73.3% of the respondents indicated
that they had no difficulty understanding the questions, while 26.7% said they had difficulty
understanding the questions.
Worst Laboratory Experience Section: In response to the binary choice question whether
they did not understand anything in the survey, about 81.8% of the respondents indicated
that they had no difficulty understanding the questions, while 18.2% said they had difficulty
understanding the questions.
In the subsequent question, respondents were asked to specifically elaborate on what was
not clear. Almost all respondents answered, but two skipped this question. The two
responses obtained were: “questions were good” and “N/A”.
Recruitment and Completion
There were 32 respondents who attempted the survey, but 12 respondents completed the
survey, giving about a 37.5% completion rate. This is in line with typical industry completion
rates for surveys, and is better than the average for unremunerated, voluntary and
anonymous surveys, which hardly exceed 30% in their completion rates. Nonetheless, the
completion rate could be improved by having one or more of the following:
• providing interview assistance; and
• providing incentives (remuneration or prize draw) for completion.
Given that nearly two-thirds of the recruits were lost over the course of the survey, there is
an opportunity to improve on this statistic by shortening the survey and administering
part(s) of the survey through an experimental design, such as availability design. However,
this will require much larger samples to be recruited and much more sophisticated web
technology than surveymonkey to implement the survey.
However, the real concern is the recruitment, which is very low at 32 respondents
attempting the survey. Recruitment could be increased by reaching out to a larger pool of
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students. We learnt that university-wide distribution was not possible, because the
University’s IT department does not encourage distribution to wider audiences and we
could not get any email addresses for wider distribution.
Currently, the survey was emailed to six instructors to distribute to their classes. Only two
instructors were able to distribute to their classes, others having felt that it was too late in
the year. Another one wanted to run the survey this year, but unfortunately this falls
outside the project timeline. It is also possible to increase the recruiting through other
channels.
That said (and as mentioned earlier), the primary purpose of the survey was not validating,
but generating new factors that might not have been captured by expert elicitation alone.
This purpose has been achieved to some extent by the current survey completion. From this
student survey, we elicited the following new factors that were not covered by experts:
importance of relevance; significance of the laboratory ambience for comfortable laboratory
sessions; equipment (significance of equipment training, novelty of equipment to engage
students, importance of practice with equipment, preference for hands-on laboratory work
including construction and destruction of experimental set-up and equipment); and
excessive focus on evaluation eroding learning.
However, validating what expert-generated design factors is another, albeit secondary (nice
to have) function of this exercise. While all the factors that experts mentioned, except
evaluation, were also endorsed by students, we do not have enough samples to statistically
back this up. The output must be treated as a case, and cannot be generalised beyond this.
Increasing the recruitment rate (and hence the number of completions) will increase
confidence in the results and hence increase validity.
Non-Identifying Demographic Information
Non identifying demographic information was collected with the assurance that the
anonymity is still preserved.
Please state
your major

All but two respondents majored in engineering/ technology (93.5%). The
two respondents were from science (6.5%). The coded responses have
been graphically shown in the chart below (Figure 2.1).
3.2%
6.5%

Sciences

12.9%
16.1%

Civil and Environmental
Chemical Engineering
Engineering

22.6%
19.4%

ICT
Mechanical Engineering
Electrical Engineering

19.4%

Figure 2.1: Respondent Discipline
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How many
semesters of
university
education have
you completed?

The number of semesters that the respondents had completed varied
from 1 to 10+, but an overwhelming majority (about 47%) had completed
2 semesters. Other semesters were somewhat evenly distributed in the
sample. The coded responses are shown below (Figure 2.2).
How many semesters of university education have you completed:
0.0%
0 Semesters

0.0%

0.0%

9.4%

9.4%

1 Semesters

3.1%

2 Semesters
3 Semesters

9.4%

4 Semesters
5 Semesters

3.1%

6 Semesters
9.4%
46.9%
0.0%

7 Semesters
8 Semesters
9 Semesters

9.4%

10 Semesters
10+ Semesters

Figure 2.2: Respondent Level of Study Completed
Name the
university
and/or tertiary
institution you
have attended

The survey had responses from seven Australian universities, with UTS
and Curtin being the majority, constituting about 74% of the responses.
This is not surprising because these were convenience samples and Chief
Investigators (CIs) had relatively better access to these institutions. In
general, the number of responses was limited. The coded responses are
graphically shown below in the chart (Figure 2.3).
3% 3%
UTS

6%
26%
12%

Curtin
UNSW
UWA

3%

New England
Overseas University
47%

RMIT

Figure 2.3: Respondent Institutions of Study

Best Laboratory Experience
As an opening to Best Case Laboratory experience, the respondents were asked to recall the
“best lab lesson” they had, and then asked to describe what they most liked about this lab.
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While discussing about extreme experiences is subjective, the exercise is not about
measuring those experiences, but instead understanding qualitative what the respondent
considers as factors that contribute to these. This is in line with the primary purpose of the
exercise, which is generative.
Try to recall your best lab experience(s). What did you most like about this/these lab(s)?
State 2+ reasons.
Respondents reported a variety of factors being associated with their best laboratory
experiences. These textual experiences were coded and have been displayed below.
A large number of these factors closely correlated with the factors we identified and
reported through the expert elicitation and literature search. Therefore, student surveys
might be considered to provide face validation to the factors collected from experts.
However, the purpose of the survey was more generative than validated. We wanted to
identify factors that experts might have missed or overlooked, but might be important to
students.
Among the factors that experts covered, clarity of instructions, structure of the laboratories,
collaboration, engagement and reflective practice appeared repeatedly. Although students’
comments mentioned the importance of having fun in the lab, this has been coded and
classified as engagement.
Among the factors that experts did not mention were: quality of the instructors and tutors
was an important factor; laboratory equipment, especially novel laboratory equipment or
set-up, appeared to figure repeatedly; hands-on experiments were mentioned as a reason
by a respondent.
The coded responses have been graphically shown below in the chart (Figure 2.4).

5%

3% 3%

Structure of the Lab
8%

Collaboration

3%

Instructors

8%

Equipment
Clear Instructions

8%

Reflection
3%

14%

Interesting Topic
Application of Theory

5%

Practical Skills Dev
Open Lesson Design
Fun

8%
5%

19%
3%

Learning Focus Not Eval
Hands on
Personal Attention

Figure 2.4: Reasons for Best Laboratory
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Specifically, the following comments were received, and were coded as marked in the
square brackets:
•
•

•
•
•
•
•

•

•
•

•
•
•
•

•

Well-structured and well-planned with clear aims, procedures and supporting
documentation. Modern, well maintained equipment. [Structure of the Lab]
Good lab set-up and instructions are a given, but what made me enjoy the lab was:
i) being able to communicate and collaborate with peers [Collaboration];
ii) reflecting on what we are doing and learning from this experience [Reflection]; and
iii) an open lesson that is intriguing [Open Lesson Design].
Fluid mechanical laboratory. Good instructions, equipment, fun and helpful instructor.
[Instructors] [Equipment] [Clear Instructions]
Interesting laboratory topic. Inspiring instructor. Clear instructions. [Interesting Topic]
[Clear Instructions] [Instructors]
Being able to collaborate with good team mates. [Collaboration] [Clear Instructions]
[Interesting Topic]
Using an air track to try and discern gravity's acceleration. Watching the 'car' float on
top of the rail was cool. Using a flywheel and letting it spin. Because flywheels are
destructive, even if this one wasn't toothed. [Equipment]
[Interesting Topic]
Continuous Communications – On the occasions that the head of the laboratory was in,
he would be most useful in aiding us through the tasks. Also personally I find labs help
me align the theory I am learning with some hands-on exposure. I found at UTS the
equipment was more than enough to get the job done. The lab equipment although it
seemed to be outdated was in a working condition to use. I always find that the lab
work allows me to learn a great deal more than just theory. [Instructors] [Equipment]
[Application of Theory]
The Fluid Mechanics and Dynamics experiments we had to complete for My Mechanics
unit were probably my best laboratory experiences. We were given high quality
equipment in which we had to record numerous results. I found this to be my best
experience because it was fun and interesting and the high quality technology we used
allowed myself and my classmates to achieve results which corresponded accurately
with our theoretical calculations for the experiments. [Equipment] [Application of
Theory] [Fun/Engagement]
We didn’t have any labs in this subject. [None]
Electronic Engineering – well structured, interesting (to me) materials – especially the
second half of this past semester. It was well structured but the focus was on
understanding the concepts rather than just getting good lab results. [Clear
Instructions] [Structure of the Lab] [Learning Focus Not Evaluation Focus]
Communicating with others in a hands-on environment. [Collaboration] [Practical Skills
Development] [Hands-on]
Being able to visualise what you were being taught in the lectures and see its real-world
application. [Application of Theory]
Getting your hands dirty using various pieces of equipment to test things. [Equipment]
[Hands-on]
An experiment dealing with heating an iron rod to high temperatures (900 degree+) and
then suddenly cooling it to room temperatures. New unseen equipment like the furnace
involved. Subsequent explanation of Dr Garry, our lab assistant, on the observations we
noticed. Few students at a time hence increased personal attention and enough time to
understand/perform the experiment. [Instructors] [Equipment] [Fun/ Engagement]
The best lab experience would have been during the Continuous Communications
subject that I completed in August 2012. It was only one lab, where the lab had been

Enhancing remote laboratory learning outcomes through lesson plan integration within a learning
management system framework

37

•
•

modified and made simpler to help us understand the concepts we were meant to
learn. I liked the fact that it wasn't a lab where it was littered with so many theoretical
concepts in one section which generally makes it hard to follow and that the
instructions were clearly stated along with diagrams as examples. This made it easier to
follow thus allowing me to complete the lab successfully and gain an understanding of
the concept for once at the end. [Instructors] [Practical Skills Development] [Structure
of the Lab]
The labs ran smoothly, with knowledgeable lab supervisors and outstanding lab
equipment. [Instructors] [Equipment]
All of my labs have been below par. [None]

We presented the design criteria elicited from experts. Then, we asked for each of the
criteria, whether the element was present and whether it contributed to respondents’
positive experience of the laboratory.
A non-response option was also provided. Each element was evaluated by the respondents
and here are the outcomes of the survey. The questions were presented as discrete choices
to avoid scaling biases, as shown below.

Don’t know or
Don’t want to
answer

Not Present

Present, but not
Contributed

Criteria/Lesson Element contributing to the
Positive Experience of the Laboratory:

Contributed to
the lab’s Success

Consider the following design criteria that can be used for laboratories. For each of the
criteria, please indicate whether the element was present and whether it contributed to
your positive experience of the laboratory.

Transparent and Relevant Objectives and
Outcomes: Good practice includes the majority
of the items below:
• Explicitly stated lesson objectives
• Explicitly stated learning outcomes
• Marking key linked to stated outcomes
• The experiment connects well with the
curriculum
Pre-Lab Preparatory Work and Testing: Good
practice involves the majority of the items
below:
• Material given or suggested to prepare for
the lab
• Student pre-requisite or preparedness was
tested before commencing the lab
• Opportunity was given to students failing in
pre-requisite for improving the score and
returning to the lab
Practical Skills Development: Encourages
development of practical skills. Examples
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include:
• Data analysis techniques
• Use of discipline-related software, or
common tools from industry
• Proper documentation of findings (e.g.
logbook)
• Development of problem-solving skills
• Demonstrating time management/
scheduling skills
Communication Skills Development:
Encourages development of communication
skills. Examples include:
• Written
• Oral
• Presentation
Reflective Practice: Encourages participants to
reflect on the process/results. Good practice
includes the majority of the items below:
• Checking for errors in the data, procedures
and results
• Result Validation (i.e. comparing results
with textbook values or other independent
sources to see if they are in agreement, and
more importantly attempting to do this
and commenting on the outcome)
• Critical evaluation of data
• Requires conclusions to be drawn from
data
Collaboration: Students are encouraged by
design (e.g. of the lab lesson guide) to adopt
correct collaborative practice (i.e. unique
roles). Good practice includes the majority of
the items below:
• Peer-to-peer evaluation
• Group work with distinct individually
appointed team roles
• Students required to integrate and apply
knowledge from different teammates
Open Lesson: Without rigid structures, the
lesson evolves to meet the needs of the student
without having to contain instructions for
every step of inquiry. Good practice includes at
least some of the items below:
• Students can move through the lab in
different ways
• Interactive
• Student inquiry skill development
• Opportunities for student creativity
• Encourages lateral thinking and problemsolving skills
• Experimental design and planning
• Opportunity for student autonomy
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Enhancement of Student Engagement: The
lesson content is designed to encourage
student engagement. Examples include:
• Real-world application/context of lesson
content
• Health and safety issues
• Utilises student’s prior knowledge/
experiences
Adequate Experimental Description:
• The apparatus/set-up (e.g. rig)
• The actual experiment as a whole
• Any specific procedures

Design Criteria Elements for Laboratories:

Whether the element contributed to positive experience of the "best laboratory".
NotPresent

Present, but not Contributed

Contributed to the Lab’s Success

2

5

3

[DC3]: Practical Skills
Development

1
2
0

1

1

4
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1
1
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12
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4
2
0

Don't know or Don't want to answer

Figure 2.5: Design Factors Constituting Best Laboratory Experience (Selection)
The majority of the respondents identified and selected the expert elicited criteria as having
contributed to their best laboratory experience. However, responses also show that not
every criterion needs to be present or to have contributed in a given laboratory to create
the best laboratory experience.
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Are there any other design criteria that you would add to those listed above? If so give a brief
description below and an indication of importance.
There were a few criteria elements added by the respondents to the listed criteria provided
to them. Of these, “Clear Instructions” and “Interesting Topic” are already covered in the list
generated by experts. On the other hand, “Learning, Not Evaluation, Focus”, “Interesting
Equipment”, “Opportunity to Practice with Equipment” [all coded names] were new
elements identified by students (not by experts). However, student respondents have also
used them to describe the key factors that made laboratories memorable.

Select one element you selected or suggested to describe briefly how it contributed to your
enjoying the laboratory and the learning experience.
How a selected element contributed to enjoying the laboratory was described by 20
comments. These comments were coded to summarise and visualise. The coded responses
are graphically shown below in the chart (Figure 2.6).

10%

15%

5%

Objectives and Outcomes
5%

No Evaluation Pressure
15%

Interesting and Fun
Collaboration

5%
5%

20%

5%
15%

Real World Context
Reflective Practice

Figure 2.6: Additional Design Factors Constituting Best Lab Experience
The purpose of the question was to encourage the respondents to provide a richer picture
of the contributing criteria and context. However, most responses were not that detailed.
Instead, responses resembled the key factors or design elements that respondents provided
in the earlier questions.
Specifically, the following comments were received, and were coded as marked in the
square brackets:
•
•
•
•

Transparent and Relevant Objectives and Outcomes make the laboratory session run
smoothly and ensure that the practice is completed and is thorough. [Transparent and
Relevant Objectives and Outcomes]
Not having the pressure means that I could focus on learning rather than scoring marks.
This along with collaboration and reflection made all the difference, but only in a lab
that is otherwise adequate in other aspects. [No Evaluation Pressure]
Equipment: Intriguing and novel set-up keeps the interest up. [Interesting and Fun]
Collaboration with other peers makes it easier to get through the laboratory
procedures. Additionally, through discussion and sharing ideas, a better understanding
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•
•

•

•
•
•
•
•
•

•

•

•

is established about the content being taught. [Collaboration]
The topic, and how it incorporated real-world application, was of utmost importance.
The topic also weaved in many elements (described above) well. [Real-World Context]
The group work that ensued was enjoyable because it felt like you could rely on
someone if something were to go wrong. It didn't make the labs any easier, nor did
anyone just do all the work, but there was a less stressful environment due to the
presence of other group members. [Interesting and Fun]
Real-world applications. Sometimes when we are learning we lose track of essentially
how it applies to the world today. I think this is a very important thing that needs to be
occurring. It allows the student to align what they are learning to something they may
have dealt with or seen in the past. This helps greatly with overall understanding. [RealWorld Context]
I believe the collaboration was the most enjoyed element of the learning experience. I
feel that learning through my peers allowed me to clear up some topics related to the
laboratory which I found difficult. [Collaboration]
We didn’t have any laboratory classes. [None]
Working in groups seems an excellent way to learn together. [Collaboration]
Reflective practice – good at making me reflect on my learning experience so I can
improve upon it. [Reflective Practice]
[DC8] Enhancement of Student Engagement: Being able to see what you were being
taught in the lecture and how you could then apply it to real life.[Interesting and Fun]
Communications skills development had a key role in most laboratory assessment, and
as an engineer, it is quite important as well. I enjoyed writing technical reports/short
assignments on the topics given in the lab manuals which also helped me understanding
concepts better for main examinations. [Practical Skills Development]
An open lesson meant that we were able to move around and share best practice
between the class with those struggling and vice versa. It also allowed us to watch our
tutors do it with the lab assistant which enhanced our knowledge on how an expert
carries out the lab. [Open Lesson]
The labs built on prior knowledge learnt in lectures and tutorials and were thus great
consolidation tools. Also, writing up lab reports encouraged students to do extra
research and gain a more rounded knowledge of the course, e.g. real-life applications of
concepts. [Application of Theory]
Haven't really enjoyed any of my labs.[None]

Worst Laboratory Experience
As an opening to Worst Case Laboratory experience, the respondents were asked to recall
the “worst lab lesson” they had experienced, and then asked to describe what they most
disliked about this lab (as per below). As mentioned earlier, while discussing extreme
experiences is subjective, it gives scale-free responses, and the exercise is not about
measuring those experiences, but is instead about understanding qualitatively what the
respondent considers as factors that contribute to these experiences. This is in line with the
primary purpose of the exercise, which is generative.
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Try to recall the worst lab lesson that you had. In your own words, what did you most dislike
about this lab? State 2+ reasons.
Lack, or inadequacy, of many of the key design factors appeared to have contributed to
poor laboratory experiences.
The factors that respondents identified, but the expert elicitation did not capture, include:
• poor quality of the instructors and tutors;
• excessive focus on evaluation; and
• ambience of the laboratory environment.
Some students played down/de-emphasised the importance of report writing, while some
other students specifically mentioned that writing contributed to their understanding. Most
students who mentioned evaluation were negative about the role and contribution of
evaluation. One student emphasised the need for relevant or appropriate evaluation. The
coded responses are graphically shown below in the chart (Figure 2.7).

5%

5%

5%

Lack of Preparation
Poor Instructions

5%

21%

5%

Lack of Relevance
Instructor Quality Poor
Lack of Interaction

11%
11%

Length of the Lab Session
Lack of Time

32%

Disorganized
Poor Ambience

Figure 2.7: Reasons for Worst Laboratory Experience
Specifically, the following comments were received, and were coded as marked in the
square brackets:
• No time spent using apparatus. Unclear procedures, poor supporting documentation.
No preparation. [Lack of Preparation] [Lack of Time]
• Disorganised, lack of preparation by instructors. Entire lab is set up to test students and
award marks (wrong attitude) [Poor Instructions] [Disorganised]
• The lab had no relevance. The instructor/tutor were not interested themselves. Lab
tutor did not explain set-up and instructions. Poor Ambience. It was hot. [Poor
Ambience] [Lack of Relevance]
• Instructor who had no idea what a lab was supposed to teach (no sense of scientific
inquiry), instead focused on how to write report well. [Instructor Quality Poor
]
[Lack of Relevance]
• Electrical Lab. Lab tutor only explained how to use a piece of equipment once
(breadboard, i think) and then just shouted at everyone who couldn't use it. Never
explained it again. Couldn't figure it out even after a semester. Using it to set up
circuits, even with personal research, was a huge pain. So no clear or repeated
explanation and tutor wasn't helpful. [Lack of Interaction] [Instructor Quality Poor]
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•

•
•
•

•
•
•
•

In some labs that I have completed I find that the lab guideline book is something that
has been written years and years ago. And this is perfectly fine, yet a lot of the time the
tutors are very unaware of what is actually meant to happen in the lab. I find usually
one person will know (generally the head of the lab room), who is often otherwise
occupied with more important things.
This is what I dislike about some of the labs: when the tutors do not fully understand
the labs themselves. They have simply completed them in the past yet don't
understand them overall. [Instructor Quality Poor] [Poor Instructions]
The length of the laboratory session. This session lasted three hours which became very
exhausting, I began to lose focus after a while. [Length of the Lab Session]
It was one of the mechanical labs where we had to find the speed of an object tied to
some weight at the end experimentally. I could not understand the lab instruction sheet
procedures. Lab tutor was unable to explain what was required and the experiment
itself. The instructions for the lab apparatus's use and function were not given. Every
student received high and equal marks, no matter whether he/she satisfactorily
performed or not. [Instructor Quality Poor] [Poor Instructions]
The worst labs have been where the lab instructions are hard to follow as they look
nothing like our lectures or tutorials and don't seem to be written in plain English.
[Instructor Quality Poor] [Poor Instructions]
Very little interaction between the tutor/lab assistant and the students. [Lack of
Interaction] [Instructor Quality Poor]
We didn’t have any labs. [None]
Can't think of one.[None]

We asked how the laboratory lesson could be improved using the range of best practice
design criteria. We furnished a list of design elements and asked respondents to identity
those elements are either (1) (currently not present) need to be incorporated, (2) (currently
present) need to be improved in implementation, or (3) (currently present) are
inappropriate for the context and need to be removed. A non-response option was also
provided. Each element was rated by the respondents and here are the outcomes of the
survey. The questions were presented as discrete choices to avoid scaling biases, as shown
below.
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Don’t know or Don’t
want to answer

Element (present)
needs to be removed

Element (present)
needs to be improved

Criteria/Lesson Element contributing to the
Positive Experience of the Laboratory:

Element (not present)
needs to be
incorporated

Please describe how the laboratory lesson could be improved using the range of best
practice design criteria listed below. Please indicate whether: (1) the element (currently not
present) needs to be incorporated; (2) the element that was present needs to be improved in
implementation; or (3) the element currently present is inappropriate for the context and
needs to be removed.

Transparent and Relevant Objectives and
Outcomes: Good practice includes the majority of
the items below:
• Explicitly stated lesson objectives
• Explicitly stated learning outcomes
• Marking key linked to stated outcomes
• The experiment connects well with the
curriculum
Pre-Lab Preparatory Work and Testing: Good
practice involves the majority of the items below:
• Material given or suggested to prepare for the
lab
• Student pre-requisite or preparedness was
tested before commencing the lab
• Opportunity was given to students failing in
pre-requisite for improving the score and
returning to the lab
Practical Skills Development: Encourages
development of practical skills. Examples include:
• Data analysis techniques
• Use of discipline-related software, or common
tools from industry
• Proper documentation of findings (e.g.
logbook)
• Development of problem-solving skills
• Demonstrating time management/scheduling
skills
Communication Skills Development: Encourages
development of communication skills. Examples
include:
• Written
• Oral
• Presentation
Reflective Practice: Encourages participants to
reflect on the process/results. Good practice
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includes the majority of the items below:
• Checking for errors in the data, procedures
and results
• Result Validation (i.e. comparing results with
textbook values or other independent sources
to see if they are in agreement, and more
importantly attempting to do this and
commenting on the outcome)
• Critical evaluation of data
• Requires conclusions to be drawn from data
Collaboration: Students are encouraged by design
(e.g. of the lab lesson guide) to adopt correct
collaborative practice (ie unique roles). Good
practice includes the majority of the items below:
• Peer-to-peer evaluation
• Group work with distinct individually
appointed team roles
• Students required to integrate and apply
knowledge from different teammates
Open Lesson: Without rigid structures, the lesson
evolves to meet the needs of the student without
having to contain instructions for every step of
inquiry. Good practice includes at least some of
the items below:
• Students can move through the lab in
different ways
• Interactive
• Student inquiry skill development
• Opportunities for student creativity
• Encourages lateral thinking and problemsolving skills
• Experimental design and planning
• Opportunity for student autonomy
Enhancement of Student Engagement: The
lesson content is designed to encourage student
engagement. Examples include:
• Real-world application/context of lesson
content
• Health and safety issues
• Utilises student’s prior knowledge/
experiences
Adequate Experimental Description:
• The apparatus/set-up (e.g. rig)
• The actual experiment as a whole
• Any specific procedures
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The responses are summarised in the chart below (Figure 2.8).
Design Criteria Elements for Laboratories:
How the "worst laboratory"
laboratory lesson could be improved

Element (not present) needs to be incorporated

Element (present) needs to be improved

Element (present) needs to be removed

Don't know or Don't want to answer
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7

7
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4
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2

[DC6]: Collaboration

0

4

Figure 2.8: Design Factors/Elements Constituting Worst Laboratory Experience

Are there any other design criteria that you would add to those listed above? If so, please
indicate whether: (1) these elements (currently not present) need to be incorporated; (2) these
elements that were present need to be improved in implementation; or (3) these elements
currently present are inappropriate for the context and need to be removed.
We also sought qualitative inputs on other design criteria that the respondent would add to
the list that we provided.
• Make students feel comfortable. Do not cram them in a small space. Give enough
ventilation. [Ambience]
• Ambience of the lab, e.g. temperature, humidity. [Ambience]
• Sometimes, excessive focus on some less important criteria can affect the quality of other
criteria and the lab as a whole. [Lack of Relevance]
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•

Put in instructions on how to use equipment in the lab description/ explanation sheets.
Hearing it once does not always work, but you can read it as many times as you want until you
grasp it. [Clear Instructions]

Select one element you selected or suggested to describe briefly how you anticipate it might
contribute to your enjoyment of the laboratory and the learning experience.
We also sought additional qualitative inputs on design criteria. Specifically, we asked the
respondents to select one element they selected or suggested to describe briefly how they
anticipate it might contribute to their enjoyment of the laboratory and the learning
experience:
Set Clear Objectives
8%

8%

8%

Comfy Ambience
8%

Collaboration
Equipment Training

8%

Real World Context
8%

Open Lesson
31%

8%

Clear Lab Instructions
Reflective Practice

8%

8%

Application of Theory
Develop Practical Skills

Figure 2.9: Painting a Richer Picture of Worst Lab Experience
Specifically, the following comments were received, and were coded as marked in the square
brackets:
• Observing the use of equipment/apparatus without any associated objectives to
complete is not adequate or conducive to learning. [Set Clear Objectives]
• Comfortable environment is necessary for learning. [Comfy Ambience]
• Collaboration would be useful. [Collaboration]
• Reflective practice and collaboration would have added significantly to the quality of lab,
for it would have helped students become inquisitive. [Collaboration] [Reflective
Practice]
• If the equipment could be understood, there would be a sense of student autonomy,
which would lead to more engagement. As it was, all students did was ask for help, let
the tutors do it for them, and learning was almost non-existent. [Equipment Training]
• Real-world applications. Allows the student to see the bigger picture. [Real World
Context] [Application of Theory]
• The open lesson would be very helpful if the laboratory tutors offered this. [Open
Lesson]
• I believe practical skills development is important for all students in any field of study. I
think the main objective for practicals are to generate ability in students to analyse
information and experiment in the real world and thus there needs to be an adequate
practical skills factor. If incorporated correctly, this may encourage students to pay more
attention in labs and highlight the importance of laboratory experiments in their course.
[Collaboration] [Develop Practical Skills]
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•
•
•
•

Communication skills can be developed through clear lab instructions which in turn
produce clear and understandable lab reports. Understanding the lab helps us to gain an
in-depth understanding of the concepts we learn in class. [Clear Lab Instructions]
Engaging more with a lab partner makes learning more interesting and it also builds
communications skills which is crucial in the real world. [Collaboration]
We didn’t have any labs. [None]
N/A [None]

The following suggestions were given as additional comments in the final open response:
• need for frequent laboratory classes/sessions;
• reduction in reporting requirements; and
• need for laboratories to be more destructive, allowing more hands-on work, including
destructive testing.
With the student surveys, we agree that the students are not pedagogic experts, but they
are nevertheless privy to sets of concerns that instructors may miss, and they contribute to
the conversation as end-users of labs. The intent was not to generate data from the
students that could be used to argue the statistical significance of certain elements of their
interpretation. Rather, their involvement was intended to provide additional insights that
could then subsequently be tested. This was intended as a way of providing wider coverage
and identifying elements that may have been missed from our initial literature analysis.
Once identified, these aspects could be added to the candidate list and hence be assessed in
the subsequent expert evaluation. In this context, even a single student suggesting a single
possible additional item would be beneficial. It does not mean that the item has been
unconditionally accepted, and most certainly not proven from a research perspective, but it
is still treated as a useful candidate. While some of the things that students say might
appear frivolous, their language often serves to exaggerate this. That said, the participants
as a whole did bring up some issues, such as preference for hands-on surveys, that were not
addressed by experts, but which were important to students.
It is also worth noting, with regard to the number of responses, that the length of the survey
and the types of tasks were also relevant. Short surveys (such as those not requiring
students to provide any written responses) have much higher chances of completion, but
may not provide very useful information. As expected, the more questions per survey, the
higher the respondent drop-off rate from start to finish. However, the relationship between
survey length and drop-off rate is not linear, but it asymptotes around 10–15 ‘click’ (discrete
choice) questions. Most importantly, the type of question matters a lot. If the survey has
written questions, the drop-off rates are very high at those touch points (Galesic, 2006).
Melles and Ellers (2006) report: “While open question formats usually are unproblematic
and used in telephone and personal interviews, conducting online-surveys open questions
can lead to higher drop-out or click-through rates”. Even in incentivised, purely multiple
choice surveys run by professional panels, completion rates are typically between 40 and 70
per cent.
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Chapter 3: Architecture and Integration of Adaptive
Lessons
As mentioned earlier, improving the quality of these lesson plans, as described in the
previous chapter(s), and followed by improving the guidance provided to students in using
these lesson plans, presents a suitable and realistic approach for providing improved
support for laboratory experiences, and remote laboratories provide an innovative way of
achieving this support.
In this chapter, we outline how the pedagogically sound lesson lab guides could be
integrated with the Learning Management Systems (LMS) to provide improved guidance for
the students. In this chapter, we describe how we integrate lesson guides, LMS such as
Blackboard and remote laboratory rigs to provide for automated linkages between stages of
the lesson guide and the physical laboratory session. First some background and context as
to the state of development in remote laboratory learning.

Introduction to Remote Laboratories
Over the last decade remote laboratories have emerged as valuable educational resources,
providing the potential for improved educational outcomes, student flexibility, richer
laboratory experiences, and cross-institutional resource sharing. Recent work has seen the
successful establishment of a national laboratory sharing initiative. While there has been
increasing attention given to the pedagogy that underpins the use of remote labs, the focus
on the design of the lessons that take advantage of remote laboratories has been much
more limited. Especially, the shared laboratories have been limited by a lack of a mechanism
for systematically guiding students through laboratory lesson guides (sometimes also known
as lesson plans) that aim to structure their learning.
In response to a gradually increasing consideration of the role of laboratories, and the
emergence of sophisticated, networked ICT (information and communications technology)
infrastructure, attention has been increasingly given over the last 15 years to the design of
remote access to physical laboratory apparatus. The earliest examples of this date back to
the mid-1990s (Aktan, Bohus, Crowl & Shor, 1996; Overstreet & Tzes, 1999) though the
development of robust, enterprise-wide solutions is more recent. The last decade has seen a
growing body of research into remote laboratories. An annual conference series – REV:
Remote Instrumentation and Virtual Engineering, which was first held in 2004 –
predominantly focuses on remote laboratories. Significant journal publications are regularly
appearing in both specialised journals (e.g. The International Journal of Online Engineering)
and mainstream engineering educational journals (The IEEE Transactions on Engineering
Education, The European Journal of Engineering Education, etc.). Over the last decade there
have been over 400 peer-refereed publications that address remote laboratory issues –
from technical considerations through to pedagogic design, to opportunities created for
laboratory sharing.
The earliest era of remote laboratory research saw most effort being directed at technical
evolution – preoccupations included experimenting with technologies for real-time audio
and video streaming in an effort to overcome bandwidth limitations whilst ensuring the
quality of the student experience, and dealing successfully with the arbitration of multiple
simultaneous connections to shared online laboratory apparatus and equipment (Aktan,
Bohus, Crowl & Shor, 1996; Lemckert, 2003; Ma & Jeffrey V. Nickerson, 2006). To a
significant extent, many of these issues have been successfully overcome. Continuous,
reliable and high-quality services for remote access to educational laboratories have been
maintained for much of the past decade.
In parallel with the progressive improvements in the technical systems there has been
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increasing interest in considering the pedagogic elements of remote laboratories. Early work
in this area tended to focus on comparing different lab modalities – particularly hands-on
(sometimes also called proximal) laboratories, remote laboratories, and simulations. The
results of this research have shown conclusively that, when considered across a range of
experiences, remote and hands-on laboratories provide comparable educational outcomes
(Corter, J.V. Nickerson, Esche & Chassapis, 2004; Imbrie & Raghaven, 2005; Ogot, Elliott &
Glumac, 2003). Such findings are similar in orientation to the majority of research in webbased learning (WBL) which has focused on WBL effectiveness compared with traditional
classroom learning (Barraket, Payne, Scott & Cameron, 2000; Bourne, Harris & Mayadas,
2005). More interestingly, recent studies have shown that, whilst overall learning is still
achieved, students’ performances on different criteria can vary depending on the form of
access used and that indeed some outcomes appear to be enhanced by non-hands-on
access modes, whilst others seem to be degraded (Imbrie & Raghaven, 2005; E. D. Lindsay &
M. C. Good, 2005; S. K. Taradi, M. Taradi, Radic & Pokrajac, 2005).
The overall conclusions from this research indicate that remote laboratories, if used
appropriately in a way that is cognisant of the intended educational outcomes of the
laboratory experience, can provide significant benefits (E. Lindsay, Naidu & M. Good, 2007).
Having recognised that hands-on and remote laboratories do indeed provide different
benefits in supporting educational objectives and hence can be used very effectively
together, consideration can shift to how best to then enhance those educational benefits.
This returns to the earlier question of how support for laboratory experiences might be
provided in a more structured way than at present. The answer lies in taking advantage of
the opportunity provided by the computer-mediated interface through which remote
laboratories are accessed.

Integration of a remote laboratory system and LMS
There are two related, but separately describable, aspects to demonstrating the viability of
remote laboratory technologies in offering solutions to providing student laboratory guides.
These are:
• basic integration of laboratory guides; and
• enabling adaptive capabilities or making integration of laboratory guides adaptive.

Basic Integration of Laboratory Guides
Integration is essentially a technical issue, which is critical in providing a cohesive
infrastructure for providing effective lesson support.
In order to implement lesson guides in remote laboratory settings, we created extensions to
the main remote laboratory system in use in Australia (Sahara) to provide for integration
with the lesson plans and associated LMSs. We then integrated these changes into a
number of key existing laboratory installations so that they can be used as demonstrations
of the significant student learning benefits that can be facilitated.
As an illustration of integration, we were able to integrate a simplified laboratory lesson
guide incorporating some of the principles of pedagogical good practice with a standard
LMS and an example laboratory experiment implemented in a remote laboratory setting.
We developed an architecture for this integration and implemented the integration through
a prototyping and evolutionary development process, going through multiple iterations of
increasing scope. This spiralling, iterative development enabled us to manage risks and take
the project forward with minimal resources. The remote laboratory system used to support
the greatest number of remote laboratories in Australia – Sahara – is being modified to
support integration with Blackboard.
We have not undertaken integration with either Moodle or Sakai. Once the concept is
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demonstrated in Blackboard, the portability of SCORM (Shareable Content Object Reference
Model) allows replication of similar implementations across other LMSs. This integration
enables a learning object being executed within the LMS SCORM engine to trigger access to,
and then control the sequencing of, remote laboratory sessions.
We have been exploring ways to integrate lesson plans with an LMS and make them interact
with the laboratory experiment. There are numerous mechanisms which we could have
used to encode lesson plans. We have, however, chosen to leverage existing tools and
standards by making use of SCORM. SCORM is a collection of standards that allow the
definition of e-learning objects (or SCOs – Shareable Content Objects) that can be executed
by a suitable run-time engine. The learning objects incorporate both learning content and a
set of rules that define the sequencing of that content. SCORM was therefore the natural
choice in terms of exploring how the adaptive lesson plans might be supported.
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Figure 3.1: Overall Architecture for Integration of Lesson Guide, LMS and Remote Lab
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While the SCORM standard defines a mechanism for interfacing between the lesson and the
host LMS, it does not inherently provide a mechanism for interfacing with a remote
laboratory system. We therefore had to define an architecture that provides this interfacing.
The simplest architecture is shown in Figure 3.1. In this architecture, a user retrieves a
lesson plan stored on any SCORM-compliant learning management system. The lesson plan
then initiates the lab session, possibly into a separate frame. An adaptation engine (in the
form of appropriate code – possibly JavaScript included with, or referenced by, the lesson
plan) then monitors both the state of the lesson and the state of the lab session and adapts
both the lesson and the lab based on the provided rules.
In doing this, we have also been exploring technical issues in linking lesson plans to remote
labs (and web security limitations). Additional information appears in the paper we coauthored (Lowe et al., 2012).

Enabling the Adaptive Capabilities
This chapter describes our lesson plan development and associated system architecture,
and an approach to the provision of adaptive remote laboratory lesson plans.
These lesson plans encode information regarding not only the structure of a standard lesson
plan (incorporating best practice), but also ways in which the system can dynamically adapt
both the lesson plan (such as the information provided or the options available) and the
laboratory experience (such as enabling different functionality or showing different
interface widgets). The adaptation can be based on student behaviour or the laboratory
state. We have illustrated some examples of adaptation through a remote laboratory-based
lesson (See the Implementation section, later in this Chapter).

Adaptive Dimensions in Literature
Significance of adaptation in education has been recognised early on. Adaptation can occur
in multiple dimensions or in different ways.
In pedagogy, adaption can occur at multiple levels. For example, at the macro level, an
overarching curriculum can offer flexibility by allowing alternatives in goals, depth and
content, etc. Macro-level adaptions have largely been in the domain of policy and
procedural instructions, and the decisions were left to human instructors (Program for
Learning in Accordance with Needs (PLAN) (Flanagan et al., 1975), Mastery Learning Systems
developed by Bloom and his associates (Block, 1980), and Individually Prescribed
Instructional System (IPI) (Glaser, 1977)).
One may also tailor instructions and teaching strategies to specific student characteristics, a
method known as Aptitude based Treatment Interactions (ATI) (Cronbach and Snow, 1977).
The system was amenable to computer-based instructions, but subsequent reviews tended
to disprove the effectiveness of over-dependence on pre-task measures such as aptitude as
a key mediator of learning (Corno and Snow, 1986; Tobias, 1976). However, some adaptive
eLearning models have emerged (Shute and Towle, 2003).
At the micro level, a lesson can sense or predict and respond to a student’s specific learning
needs during instruction. Both intelligent tutoring (ITS) and Adaptive Hypermedia might fall
into this category. They differ from ATI in using on-task rather than pre-task measures to
tailor instructions and learning, and in employing ‘response sensitivity’ in identifying,
assessing (learning needs) and prescribing.
Brusilovsky (2001) broadly classifies technology-based adaptation into those pertaining to
navigation and presentation. Another typology of adaptation, again attributed to
Brusilovsky (2001), classifies adaptation as: (1) adaptation for user behaviour, and (2)
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adaptation for client device.
In adapting to user behavior, the system adapts by using a user model or user data. Often,
depending the user preference or need, different content may be presented. Rich literature
exists (Brusilovsky, 2001; Kobsa et al., 1999) in representing user models and adaptations of
lessons to user.
Adaptation to client device is aimed at providing different content for different platforms.
Today, we find this adaptation is taken for granted in the mobile platform. At its inception,
however, there were only very few studies (Billsus et al., 2000; Ketamo and Multisilta,
2001b) that illustrated this method, despite the ease of implementing this adaptation.
Employing XML has been particularly fruitful for device adaptation.
In pure hypertext literature in general and in this classification in particular, adaptation to
environment, other than user and device, is conspicuous by its absence. That is partly
because, in typical adaptive hypertext use, user and device type are the only components
that a lesson is required to adapt to. Consequently, there is limited work involved in having
the lesson adapt to an interactive, and hence adaptive, laboratory.
However, some Intelligent Tutoring Systems (ITS) allow for lesson adaptivity to additional
sub-systems. The Association for the Advancement of Artificial Intelligence (AAAI) defines
ITS as follows: “An intelligent tutoring system is educational software containing an artificial
intelligence component. The software tracks students’ work, tailoring feedback and hints
along the way. By collecting information on a particular student’s performance, the
software can make inferences about strengths and weaknesses, and can suggest additional
work.”
ITS also had some researchers attempting to extend traditional user modelling approaches
with hypermedia components (Beaumont, 1994; Brusilovsky et al., 1993; Pérez, Gutiérrez
and Lopistéguy, 1995). While the tutoring system itself got adaptive, adaptive domain was
still not a common phenomenon and was not needed for most part.
On the other hand, games and laboratories were different in the sense that domains
themselves adapt to external stimuli. The pedagogical element or the lesson itself may also
include and adapt to student or user, but that is different.
For example, social and socio-technical systems model based training games include an
entire system of virtual world, to which the training/tutorial system is required to adapt.
Frequently, however, in these complex games, the focus is placed on developing the training
and evaluation system rather than the pedagogical elements (e.g. Nye et al., 2012).
In both these cases (social system model based games and laboratories), the domain under
study itself adapts in addition to student models. This is a unique condition as far as
modelling the lessons are concerned.

Adaptive Hypertext/Hypermedia Models
Over the last two decades, many fields such as pedagogy and technology (especially
intelligent systems and internet technology) have shown promise of converging to provide
personalised and delocalised experiences for the learner. Among them, the most ubiquitous
outcome has been teaching and learning within an online learning environment.
In adaptive e-learning hypermedia, the adaptation is often conceived in two dimensions,
namely “adaptation of the content to the user” and “adaptation of the technology across
platforms”. In rare cases, adaptation to external environment is also found.
These are useful in understanding the interplay between the content representation and
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the relationship to an environment model, but typically this is one way (environment affects
content) and does not consider the reverse (content can drive changes in environment as in
the case of the laboratories). This is a unique situation in its own right.
In our representation we draw insight from some early and contemporary hypertext
reference models. Adaptive hypermedia and its reference models have undergone
significant evolution in the last 20 or so years. Brusilovsky’s (2004) keynote address (with
transcript) at the Hellenic Conference on Information and Communication Technologies in
Education traces the history of adaptive hypermedia.
Reference models help abstract and summarise current systems to provide a high-level
architecture. Particularly, we used Dexter Hypertext Reference Model (Dexter) (Halasz &
Schwartz, 1990) as the starting point. While superseded by other frameworks, this data and
process model framework abstracts, curates, captures, integrates and generalises best
design practices from a group of diverse ‘classic’ hypertext systems.
In addition to Dexter, there are other hypermedia reference models such as Amsterdam
Model (Hardman, Bulterman and Rossum, 1994) and Dortmund Family of Hypermedia
Models (Tochtermann and Dittrich, 1996), but there are only a couple of adaptive
hypermedia reference models.
AHAM (Wu, De Bra, Aerts and Houben, 2000), another reference model for adaptive
applications, is database oriented and is defined with tuples. It introduces the adaptation
rule language.
Munich, an object-oriented model, enhances Dexter and AHAM models further. It has an
adaptation model just like AHAM, but also a user model as part of the ‘storage layer’. It also
introduces “the dynamic acquisition of user behavior, a dynamic rule-based adaptation and
a user behavior triggered Run-Time session”.
Dexter, AHAM and Munich reference models for adaptive hypermedia applications help
identify the features that characterise adaptive hypermedia and personalised web
applications (Koch & Wirsing, 2002; Gogolla & Richters, 2000).
The languages of model representations have also evolved with time. While Dexter was
based on specification language Z, Munich was specified in OCL and UML. Today, most
representations are in hybrid languages and formalisms.

Previous Representations
Today, common knowledge conceives and represents knowledge stored in hypermedia as a
network of nodes (containing contents) connected by links which specify the navigation
rules. Adaptive hypermedia (as the name suggests) “adapts the content or presentation of
nodes and/or links to the user”, for example to create a personalised experience (De Bra et
al., 2004).
There is a considerable body of research on the design of network and hierarchical
hypertext navigation structures, particularly from the point of view of efficiency of
navigation (Parunak, 1991; Nimwegen et al., 1999) and user and designer mental models
and user factors (Norman, 1991). One generic representation of navigational models is as
directed, weighted graphs (Furner, Ellis and Willet 1996; Kleinberg et al., 1999). However,
most hypertext systems (adaptive or not) are presented through unweighted graphical
models, as a reduction and derivation of the more generic parent model.
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Laboratory Guide Representation and XML Encoding
Formal definition
The starting point for the laboratory guides is the definition of single ‘resources’ that can be
made available to the user. A resource may be a webpage, a video, an animation, or even a
collection of webpages bound together by appropriate scripting, etc. These resources (ri)
will be comprised of two elements: a locator for the resource (typically specified in the form
of a URI) and a set of parameters associated with that resource. The collection of available
resources can therefore be specified as follows:
R = �ri : 〈loci , �pi,1 , pi,2 , … �〉� (1)

The parameters (pi, j) represent those elements of the page which can be queried or
monitored and which can possibly be manipulated as part of the adaptation process that
occurs during the execution of the lab guide. As an example, a given page may contain the
following components that have corresponding parameters within the page: a block of text
that we may wish to hide or display based on some aspect of user behavior; a timer
representing how long the page been active; a user-clickable link that is initially hidden.
It is necessary to define the environment in which the laboratory guide will be used. This
environment is likely to contain a number of different domains (supported by different
systems). For example, we may have access to information from a student management
system regarding a student’s previous performance (which we can use to adapt or control
the pages that are available). One may also have a physical lab system, where we can enable
aspects of the hardware based on the users’ interaction with the lab guide. We therefore
define a collection of external domains, and for each domain (di) we can define a set of
domain parameters that can be monitored and/or manipulated:
D = �dk : 〈namek , �pk,1 , pk,2 , … �〉�

(2)

Having defined the basic building blocks, we then begin manipulating them. The starting
point for this is to specify the events than can trigger actions within the lab guide. We define
an event based on defined changes in the state of parameters. Strictly speaking we may
wish to utilise a rich query language for this, but for our initial evaluations we limit ourselves
to a simple set of relational comparisons (equals, greater than, less than, in range) and basic
boolean logic to define a condition, and the event triggers when that condition transitions
from false to true:
e = {cond: 〈p1 , p2 , … 〉}
(3)

There are two primary types of changes that can be triggered by these events: a macro-level
change where a given event triggers the transition from the current resource that is
available to a user to a new resource; and a micro-level change where we modify a
parameter within either a resource or the external domain. The collection of transitions is
defined as follows:
T = {t i : 〈e, r1 , r2 〉}

(5)

For example, consider the following transition:
t1 = 〈{′p1>4′, 〈13〉}, 3,9〉

(6)

This transition is triggered when parameter 13 has a value that is greater than 4. When this
occurs, we transition from viewing resource 4 to viewing resource 9.
There are two forms of micro-level change: those involving internal modifications to one of
the resources; and those involving a possible change to one of the external domains. In both
cases however we can define the change as a set of modification to parameters, again
triggered by an event:

Enhancing remote laboratory learning outcomes through lesson plan integration within a learning
management system framework

56

C = {ci : 〈e, {〈p1 , m1 〉, 〈p2 , m2 〉, … }〉} (7)

Where p is a parameter to be modified and m is the modification. And finally, we can then
define a laboratory guide as the following tuple:
G = 〈R, r0 , D, T, C〉
(8)
In other words, the lab guide is comprised of the collection of resources R, the initial
resource r0, the external domains D with which interactions occur, the transitions T
between views, and the changes C that are made to the resource or domain parameters.

XML Representation
We can represent the above model as a relatively straightforward XML document. We will
illustrate this as a series of example fragments, based on the simplified Lab Guide shown in
Figure 2. This lab guide contains an introduction view, two views for stage 1 instructions
(one for beginning students and one for advanced students), another stage 1 view with an
additional help resource for beginning students, and finally a common stage 2 view.
To begin with, we can represent the various resources that are available to the user. For
example, consider resource 6 – the Stage 1 (Beginner) information:
<resource id=’6’ locator=’../stage1b.html’>
<param id=’41’ name=’Visible’ default=’no’/>
<param id=’42’ name=’Activated’/>
<param id=’43’ name=’Time’/>
</resource>
In this example, the resource contains three parameters. Two of the parameters relate to a
‘navigation’ link and whether it is currently visible, and whether it has been activated. The
third parameter indicates how long this resource has been active.
We can also define the associated domains with which this lab guide might interact, and the
domain parameters with which we can interact:
<domain id=’23’ name=’LMS’
access=’http://test.ex.au/lms’>
<param id=’45’ name=’UserExpertise’/>
</domain>
<domain id=’24’ name=’Lab’
access=’http://rlab.uts.edu.au/rig2/access’>
<param id=’47’ name=’PumpState’/>
</domain>
The transitions between the various resources can then be defined. For example, in the
following transition the Stage 1 (Beginner) resource is replaced by the Stage 2 resource
when the user activates the ‘Next’ link on the relevant page:
<transition id=’71’>
<event logic=’(p1=true)’>
<param id=’p1’ resource=’6’ pid=’42’/>
</event>
<resourcechange from=’6’ to=’8’/>
</transition>

Enhancing remote laboratory learning outcomes through lesson plan integration within a learning
management system framework

57

1

Introduction
p:Activated

LMS (User
Information)

Lab
System

Next

p:UserExpertise

Help

2

p:PumpState

External domain

p:PumpState

Stage 1 (Adv)

5

Stage 1 (Beginner)

6

p:Visible
p:Activated

p:Activated

Stage 1 (Help)
p:Activated

Next

Next

p:Time

Lab guide resource with
name and id.

2

Resource or domain
parameter
Event triggering a view
transition
Event triggering a
parameter modification

Next
Parameter monitoring in
event
View transition

Stage 2

8

Figure 3.2: Adaptive Lesson - Highly simplified lab guide used to illustrate various elements
of the guide representation.
In contrast to the above, the following is a transition that involves automatically changing to
a ‘Help’ resource once the Stage 1 (Beginner) resource has been active for greater than 120
seconds.
<transition id=’72’>
<event logic=’(p1>120)’>
<param id=’p1’ resource=’6’ pid=’43’/>
</event>
<viewchange from=’6’ to=’2’/>
</transition>
And finally, the following example shows a transition involving more complex logic and
interaction with the external environment – the transition from the Introduction resource to
the Stage 1 (Beginner) resource, based on information obtained from the external LMS:
<transition id=’73’>
<event logic=’(p1=true)&(p2=”Beginner”)’>
<param id=’p1’ resource=’1’ pid=’46’/>
<param id=’p2’ domain=’23’ pid=’45’/>
</event>
<viewchange from=’1’ to=’6’>
</transition>
And finally, we can consider a parameter modification – in this case making the Next
navigation link visible on the Stage 1 (Beginner) resource once the user has started the
hardware pump:
<parammod id=’91’>
<event logic=’(p1=on)’>
<param id=’p1’ domain=’24’ pid=’47’/>
</event>
<mod resource=’6’ pid=’41’ val=’true’/>
</parammod>
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Constructing Lesson Template
We have employed lesson guide design elements from multiple sources – literature, reviews
of exemplar lesson guides, subject matter expert inputs, and end-user inputs – to construct
sample lesson guides. The guide to laboratory is essentially a synthesis and summary of
what we learnt from previous knowledge elicitation exercises.
In some cases there were inconsistencies or conflicts in the evidence regarding what lesson
plan elements should be included. These elements needed further investigation. Where
necessary, multiple alternative views of lesson elements were constructed. Competing
lesson plan elements were resolved by differential diagnosis-based principles.
Different laboratory lessons, which support different learning outcomes and are based on
different pedagogic approaches, can be layered on top of the same physical laboratory
apparatus. For example, an inquiry-based approach (as described by Kirkup, Pizzica, Waite &
Srinivasan, 2010) aimed at model building might be captured in one lesson plan, whilst a
task-oriented approach aimed at psychomotor skills development might result in a second
lesson plan, both layered on top of the same laboratory apparatus.
In order for this approach to work effectively we will need to ensure that the lesson plans
that guide the laboratory activities are designed appropriately. The previous section
summarises the development of lesson plan templates that are suitable to this context. The
following section illustrates what such an implementation looks like.
We created extensions to the main remote laboratory system in use within Australia
(Sahara) to provide for integration with the lesson plans and associated LMS systems. We
then integrated these changes into a number of key existing laboratory installations so that
they can be used as demonstrations of the significant student learning benefits that can be
facilitated.

Salient Features of the Implemented Remote Lab Guide
The following sample lesson shows an initial proof of concept for digital lessons integrated
with real time, remotely accessible hardware. By combining pedagogically sound lessons
with the advantages of remote laboratories we can bring better quality learning experiences
to a wider variety of people.
As mentioned in the earlier sections, the lesson is integrated with LMS and Remote
Laboratory Experiment. The lesson is packaged as a SCORM object and is located in the LMS.
In order to use this lesson, the user needs to logon to LMS. Remote laboratory login is
handled directly through the lesson interface. Lesson interface and remote lab interface
merge seamlessly. Remote laboratory hosting is provided courtesy of LabShare.

Figure 3.3: LMS – Lesson Integration
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Once the user launches the lesson from the LMS (in this case, Blackboard), it takes you to
the Sahara scheduling server page, where the user gets to select the rig. It first queues the
user, but if there is no queue, it launches the lesson.

Figure 3.4: Scheduling Server
Inside the Integrated Lesson
Once inside the integrated lesson, the lesson appears on the left-hand pane (LHS), and the
rig appears on the right-hand pane (RHS). The lesson will sequentially take the user through
three levels, namely Novice, Intermediate and Expert, as the user qualifies from one to the
next.
Launching the lesson will take the user to a split frame as below. On the LHS will be the
lesson and on the RHS will be connection to the rig.

Figure 3.5: Entrance to Integrated Lesson
The experiment selected in this case is called Hydro Rig. The rig demonstrates the basic
principles of electricity generation from hydro power, and uses it to light up the house. The
experiment is designed for high school students, typically about year 8. The laboratory guide
that we have designed is self-contained and introduces the experimental set-up through
exploration and experimentation. However, for the benefit of the readers of this report, we
provide a brief description of the experimental set up below:
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Experimental Set Up
The Water Pumps
There are two water pumps:
• in the upper tank the pump pushes water from the upper tank into the pipe that leads
to the Pelton wheel; and
• in the lower tank the pump lifts water from the lower water tank to the upper water
tank.
The Water Flow Meters
There are two water flow meters:
• a water flow rate gauge (yellow) the units in litres per minute (L min-1); and
• a water pressure gauge that the units are both psi and kPa.
The Pelton Wheel
The Pelton wheel spins when a stream of water of sufficient volume and speed pushes it.
The bearings of the wheel are low friction. The greater the rate of flow or speed of the
water stream, the faster the wheel will rotate. The Pelton wheel is attached to the turbine.
The rotation of the Pelton wheel spins the turbine.
The Turbine
The turbine is an electric generator (a motor running in reverse). It converts the rotational
kinetic energy of the Pelton wheel into electrical energy. The electrical energy/power
generated by the turbine can be measured as voltage and current readings. The rotation
rate of the turbine is also measured.
The Light Display
The set of lights (LEDs) in the house are connected to the generator output, to indicate the
relative amount of electrical energy generated by the rotation of the Pelton wheel and
generator. The greater the number of lights that are emitting energy, the greater the
electrical power output of the hydroelectric system. The four lights in the house have the
colours Pink, Yellow, Green and Blue.
The Lesson adapts to Rig State
All inputs and outputs from the rig can be used dynamically in lesson content. In the
following example, the student is asked to use the camera to identify the number of house
lights on. Notice that in each example, the ‘correct’ answer changes depending on the rig
state.

Figure 3.6: Lesson Adaptation to Rig State
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Enhanced Student Engagement
The users (students) are prompted to interact with the rig to discover answers for
themselves. For example, earlier in the laboratory session, at the novice level, there is
greater structure and guideline to the lessons. For example, the students are introduced to
identifying parts of the laboratory equipment and taking simple measurements such as the
one shown in the example below (Figure 3.7).
In this (following) snippet, the user is prompted to click the house camera button, and then
acknowledge the number of lights that are on.
This form of semi-open learning leads to deeper understanding of lesson content, compared
to traditional ‘cookbook’ labs. Users are presented with a dynamic, engaging learning
experience without the need to limit their interaction with the rig.

Figure 3.7: Adaptive lesson interacts with user, increasing engagement and education
Dynamic Feedback Systems
In cases where students complete questions unsuccessfully, relevant and immediate
feedback is provided. By providing clear, concise feedback, students are able to advance
through the lesson at a pace suitable for their current level of understanding. The figures
below illustrate immediate negative feedback accompanied with additional learning
opportunity to correct the deficiency in skill or knowledge.
If the student fails to give the correct answer, the lesson takes him/her to another page of
additional exploration, instructions and learning.
In some situations, completely open responses are required. As we cannot provide feedback
to open responses in real time, they are emailed to the instructor using the information
from the LMS.

Enhancing remote laboratory learning outcomes through lesson plan integration within a learning
management system framework

62

Figure 3.8: Adaptive lesson interacts with user by providing immediate and useful feedback
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Figure 3.9: Immediate Feedback and Interaction with Instructor
Adaptable Lesson Structure
As mentioned earlier, the lessons adapt to the user as well as to the rig. This is one of the
unique features of this lesson guide. Lessons can be as simple or complex as required. The
lesson rules determine the flow of the lesson, which can make use of previous student
behaviour to give an individualised learning experience.
Adaptation to the User
Adaptation to the user skill level is shown below. The user is by default taken through the
‘novice’ lesson first. If the user displays sufficient knowledge and skills, they will be bumped
to ‘intermediate’ and then to ‘advanced’.
The lesson is designed in such a way that the user is presented with gradually increasing
levels of difficulty and complexity of lesson and evaluation. As we have seen, earlier
questions are deliberately uncomplicated and introduce the students to initial concepts.
As students advance from ‘novice’ through to ‘expert’ difficulty, the questions become
increasingly open. In the following example, the student uses the previously collected data
to guide their open-ended responses.
Later questions may challenge the students/users more, but if the user fails at a higher level,
they will be returned to a lower level to become familiarised with the concept.
Adaptation to the Rig State
Adaptation to the rig refers to the lesson recognising the rig state when teaching as well as
evaluating the student. While this concept is embedded throughout the lesson, it is easily
illustrated by the earlier example of counting and reporting the number of lights on, where
the lesson state is a function of rig state.
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Figure 3.10: Adaptation to User Level
Adaptation to the Rig and User: ‘Putting it all together’
Recall the earlier snippets that introduce taking readings, controlling water pump, etc. The
next series of snippets requires students to have ‘advanced’ to an ‘intermediate’ level of
knowledge, for their age and grade. The student progresses up this hierarchy of user levels,
by completing ‘novice’ level with sufficiently high grades. The questions themselves are
more complex than previous cases, as they embody the integration of previously tested
lesson concepts.
The experimental questions rely on the user’s ability to monitor and control the Pelton
Wheel speed, flow rates as well as interpreting results. The lesson is adaptable not only to
the user, but also to the rig. Based on the student’s response to previous questions or
interactions, the dynamic feedback is also presented. These cases illustrate the situation
where the lesson state is a function of both user and rig state. The snippets also show
multiple questions layered on top of one another, leading to an open-ended finale.

Figure 3.11a: Adaptive lesson lets students investigate the relationship between two
variables – Set up
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The following two snippets take it to the next level by investigating the relationship
between two variables. Data collected is stored for use in later questions, allowing for
gradual and adaptive drill down into materials as well as evaluation of long term learning
objectives.
The first case illustrates the case where the user explores and demonstrates their
understanding of the relationship between water flow rate and Pelton Wheel speed, which
is one order of effects apart.

Figure 3.11b: Adaptive lesson lets students investigate the relationship between two
variables – Manipulating Pump Level and Recording Rotation

Figure 3.11c: Adaptive lesson lets students investigate the relationship between two
variables – Previously Measured Values are made available for Analysis & Comment
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Figure 3.11d: Adaptive lesson lets students investigate the relationship between two
variables – Current Flow Rates are Shown for Analysis & Comment

Figure 3.11e: Adaptive lesson lets students investigate the relationship between two
variables – Students Comment on the Relationship
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Figure 3.11f: Adaptive lesson lets students investigate the relationship between two
variables – Students Comment on the Relationship

Figure 3.11g: Adaptive lesson lets students investigate the relationship between two
variables and gives feedback – Previously Measured Values are made available for Analysis
& Comment
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Figure 3.11h: Adaptive lesson lets students communicate the results to instructor, or post
on a discussion board for collaboration and collective reflection
The next snippet expects the user (student) to demonstrate their understanding of the
effects that changing the flow rate has on house lights, via the Pelton Wheel. That is two
orders of effects removed from the actual experimentation.

Figure 3.12a: Adaptive lesson lets students demonstrate their understanding of the effects
that are two orders removed from experimentation
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Figure 3.12b: Adaptive lesson lets students demonstrate their understanding of the effects
that are two orders removed from experimentation
Persistent Grading System
Students are awarded a grade based on their performance in each section. This need not
only result from the absolute question outcomes, marks may also be awarded based on the
student’s interaction of the rig. The marking metrics can be altered to match the complexity
of the learning objectives.

Figure 3.13: Adaptive lesson lets students know how they performed against the lesson
objectives
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Challenges
Lesson Rules:
The logic which determined lesson flow was one of the most important aspects of the XML
code. These lesson rules made use of the current rig state, lesson resources, user domain,
previous user behaviour and the user’s score from previous resources to direct the lesson to
the resource most appropriate for the current user. This allowed for great flexibility in
tailoring a learning experience suitable for each individual.
User Domain:
In order to present a lesson that evolved dynamically with the user’s current level of
understanding, a system that advanced the lesson to higher orders of complexity, only after
a minimum standard of achievement was met, was implemented. For example a user should
not be presented with a question that requires a complete knowledge of camera control,
unless this knowledge can be assumed as known. If this knowledge is not known and the
lesson resource is perceived as unachievable, there exists a dissonance between the user
and the lesson content which results in lower levels of engagement.
Evaluation:
Monitoring the transition between domains requires student progress towards stated
outcomes to be tracked. This was implemented directly through the XML lesson logic. Each
resource was allocated marks towards lesson outcomes based on the content presented.
Users were then rewarded full, partial or no marks based on how successfully they
completed a resource. Milestones of achievement were set based on the difficulty of
content present in each subsequent domain. Once an adequate level of understanding has
been met, as determined by the marks received from successful completion of lesson
resources, users are advanced to the next domain. In cases where users are perceived to be
struggling due to low performance, they are dropped to a previous level in order to
reinforce their understanding of lower order concepts. An advanced version of this lesson
type will make note of any areas where either individual or groups of students are
struggling, and inform the instructor so that special attention can be given during in-class
sessions.
Domain specific content:
Each domain includes a subset of lesson resources. Each resource may be present in
multiple domains, so some content is repeated to an extent. Future revisions of the lesson
should include multiple instances of each resource that presents content in a slightly
different way, to aid in student engagement and prevent the promotion of a specific
instance of information relating to a theory, rather than an understanding of the theory in
and of itself. Once users have displayed a sufficient proficiency at a given task, resources
relating to this content are gradually phased out. The result is a lesson which constantly
adapts to the user’s understanding, reinforcing concepts with which they struggle or
including new complex concepts when previous content is mastered.
Initialisation:
The lesson interface is divided into two equally important sections: the resource content
and the rig interface. To ensure that users are required to complete key steps of lesson
content, it was deemed necessary to initialise the rig to a known state. For example, if the
lesson outcome requires that students can control the camera and successfully identify the
house, we want them to change the camera position to see the house. However, if the
camera was initially directed at the house there would be no way to distinguish between
users that recognised the camera was already pointed at the house from those that did not
know how to operate the camera. Another benefit to establishing an initialised state is that
users are put in a position where they must actively engage with the rig to successfully
complete lesson content. This gives a more engaging learning experience compared to
lesson content that allows users to remain passive.
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Adaptation (changing content based on user behaviour):
Lesson resources were developed to allow as much flexibility as possible in lesson design. A
key feature of this flexibility involved adapting to user behaviour. A simple example of an
application of lesson adaptation is the time-out feature. If users take too long to complete
specified steps of instruction, they are prompted to determine if a more detailed
explanation is required. Another, more complex, example of adaptation is the monitoring of
user interaction with the rig while collecting data. In our example lesson, students were
directed to collect specific set data points. If the readings deviated from the expected result,
students were provided feedback on methods to correct themselves. Given sufficient time,
this example could easily be adapted a more open-ended structure in which users select
their own data points, while receiving feedback as to the suitability of their selections.
Additional instruction would then be provided if there were too few or too clumped data
points.
Lesson Content:
As a result of a literature review on laboratory best practice undertaken prior to designing
our example lesson, several elements were found to be highly desirable additions within
each resource. These elements include collaboration, openness and feedback.
Collaboration:
Two forms of collaboration were included as part of our development: student to instructor
and student to student. Students are normally able to communicate with their instructors
through the LMS, either through a message board or email. We absorbed this functionality
into our lesson, enabling open-ended responses, which normally do not allow for dynamic
feedback, to be emailed directly through to the instructor. Personalised feedback can then
be provided by the instructor as required. Interactions between students can also be
accomplished through the message board.
Openness:
Open lesson resources were only possible given our ability to dynamically monitor rig state.
This enabled students to perform a self-directed investigation of lesson content in order to
reach their own conclusions. An example of an open element involved students
investigating the relationship between house lights and water flow rate. Had the resource
been in a closed form, students would be instructed to set the pump to a specific rate and
observe the precise number of lights which resulted. In our example students were
encouraged to experiment with the water flow rate and observe the effect on the house
lights. While the difference is subtle, it forces students to take responsibility for their own
learning and therefore increases the likelihood of positive engagement.
Our ability to dynamically monitor rig and lesson states enables a diverse range of dynamic
feedback to be offered instantaneously to students. This includes both immediate feedback
on lesson resources and long-term feedback based on a lesson’s long-term learning
outcomes. Students are given suitable feedback based on the perceived source of error. In
our example lesson the concepts were introductory and therefore only a limited range of
feedback was required. As lessons become more complex, and rely on a significant set of
assumed knowledge, the required feedback becomes significantly more extensive. The
limitation of this process is that every potential eventuality of student behaviour and lesson
state must be anticipated and the appropriate feedback prepared. Depending on the
openness of the lesson this becomes a heavily time-consuming process. Future work should
include research into the benefits of individualised feedback in order to determine if it is a
worthwhile practice.
Implementing Logic:
The logic implemented in XML was the foundation on which our lesson relied, in order to
flow from resource to resource. Given the potential complexity of lesson resources, which
was to include non-linear, open, reflective and collaborative elements, the planning and
development required a significant investment of time.
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Order of precedence:
Early in development it became apparent that lesson logic would require embedded logic
loops which handled multiple lesson elements. However, elements lacked any inherent
precedent. For example, a simple lesson resource would include lesson content, a related
question and a continue button. The continue button should be the last event before
navigating to another resource, however without precedence this is not the case. The user
should be required to attempt the question before pressing the continue button instead of
the other way around. In order to achieve this, the lesson logic was implemented with
ascending precedence from left to right, effectively allowing for a specific order of events
before triggering.
While discussing this specific implementation, our intent was not to argue that the
laboratory should be scripted in a way that creates a prescribed sequence with defined
answers, contrary to approaches such as PBL. Indeed, as the evaluator rightly point out,
there is significant literature arguing for (under certain circumstances) much more openended approaches, though even in these cases students are still given guidance that
provides a context and leads the exploration. Within this framework, the demonstration
system we constructed was intended as a proof-of-concept showing how a lab system could
adapt to the behaviour of the student and hence embed a number of the best-practice
principles. We have not, nor did we aim to, design a totally adaptive laboratory system.
However, one of the future research thrusts is to develop laboratories supported by such
technologies as autonomous agents. If the laboratory hardware platform supports multiple
uses (more likely in robotics-based labs), more open laboratories could be designed and
evolved based on the contextual information (from user and rig states). In principle, the
open laboratories and problem-based learning is a direction that we should pursue.
It must also be noted that the current implementation, which is meant to be a proof-ofconcept, does not cover all best practices adequately. However, identifying the best practice
design elements for a laboratory lesson should be separated from implementation of the
same.
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Chapter 4: Developing a Generic Guide to Laboratory
Lesson Design
In the previous chapter, we described an environment for exploring the provision of
structure laboratory guidance within a remote laboratory setting. This environment was
then used to investigate the potential application of best practice with regard to the design
of the laboratory experiences. In this chapter, we will extrapolate from both these findings
and the earlier insights outlined in chapter 2 to consider specific guidance with regard to
laboratory lesson design for conventional hands-on laboratories.
Based on the work described previously regarding lesson guide design elements (elicited
from multiple sources: literature, reviews of exemplar lesson guides, subject matter expert
inputs, and end-user inputs) we have synthesised this knowledge into a generic laboratory
guide to be used for the design of laboratory experiences. This guide is grounded in a
consideration of specific lesson outcomes, and addresses issues such as facilitating
cognitively substantive content, and providing timely feedback.
In designing a lesson there are three primary phases: (1) design of the lesson framework
that provides a broad structure for the lesson and sequences the various laboratory
activities and experiences; (2) enrichment of these experiences through incorporating
elements of best practice; and (3) implementing the laboratory lesson using appropriate
tools, mediums and settings. Our focus is to give useful guidelines for phases (1) and (2).
In providing guidance for the design of lesson plans, we would like to distinguish the design
of teacher lessons (which are used to guide teachers and on which much literature is
available) from the design of student laboratory guides. The latter are fundamentally
student-focused, and have much less pedagogic literature. As we mentioned earlier in the
report there is considerable work on instructional design in general. However, when it
comes to laboratories, there is a dearth of both research outputs as well as practice
guidelines. Our work was indeed prompted by this scarcity.

Design of the Lesson Framework/Structure of the Laboratory Lesson
In terms of recommendations regarding the structure of student laboratory guides, there
are some salient issues to be considered. Some research recommends a design that
combines the two phases of initial learning followed by subsequent challenge or inquiry
(e.g. Venkatachalam and Rudolph, 1974). Other research recommends sequencing
experiments in small blocks (Reif and St John, 1979).
A two-phase design would have learning and challenge phases as follows:
[a] Learning Phase: designed to establish pre-requisite understanding: Consisting of
activities such as:
• reading assignments;
• recitation discussions;
• cookbook experiments;
• calculations and lab write-ups; and
• feedback.
[b] Challenge Phase/Inquiry Phase: designed to support investigation within the experiment:
Consisting of activities such as:
• open ended questions;
• experimental design;
• data collection;
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•
•

calculations and lab write-ups; and
evaluation of results.

Research that recommends small block sequencing (such as the work by Reif and St John
(1979)) focuses on lessons that incorporate small coherent blocks of work (‘minilabs’)
targeting a single specific learning outcome. After several minilabs a main lab may be
sequenced. The main lab may synthesise and draw from the elements previously learnt.
Such a structure not only aids in promoting reflective practice through progressive
development of knowledge, but also creates the opportunity for non-linear lessons. The
structure might proceed, for example, as:
... minilab & test
... minilab & test
Block Interview
Group-Lab
... Pre-Lab Interview
... Experiment
... Group Lab
Block Test
Figure 4.1: Example Lesson Structure (Generic)
The post-lab tests should provide opportunities to allow for, and encourage, reflection.
Similarly, group labs should provide an opportunity for collaboration. This ‘block’-based
design has also been supported by the previous work with expert laboratory designers and
broader pedagogic design principles.
Within such an overall framework, some variations may be pursued. For example, it is
relatively straightforward to incorporate inquiry-based teaching models such as Learning
Cycle Approaches (such as BSCS 5E or its predecessors (Atkin & Karplus, 1962)). These
models bring about exploration and invention, before learning and application.
In summary, the overall structure, or framework, of a lesson follows a simple recipe:
communicate the lesson’s objectives, present content relevant to these objectives, evaluate
the content and provide feedback based on the results of evaluation.
A higher level sequencing is also worth mentioning. According to America’s Lab Report:
“Effective laboratory experiences are thoughtfully sequenced into the flow of classroom
science instruction. That is, they are explicitly linked to what has come before and what will
come after” (NRC, 2006, p. 102). The report as well as many researchers (see NRC, 2006, p.
124) point out the disconnect between classroom instructions and laboratory activities.
Incorporating laboratory activities as part of overall course design is important. However,
overall instructional design is outside the scope of this report, but readers are urged to refer
to America’s Lab Report.
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Enrichment through Elements of Best Practice
Key elements to be incorporated in the laboratory are those that have been identified and
described in the Chapter 2. At the risk of repetition, we summarise them below. However, it
must be noted that not all elements might be appropriate for a given laboratory. The
specific needs of a particular laboratory learning activity play a significant role in selecting
the appropriate elements and structure. It is recommended that you incorporate one or
more of the items below:

Pre-Lab Preparatory Work and Testing
Introducing a pre-lab (and associated assessment) is critical to the establishment of the
initial context and learning. In non-laboratory settings, the concept of ‘flipped classrooms’
requires students to do substantial preparatory work prior to class, so as to make optimal
use of the contact time, which can then focus on making sense of the concepts and focusing
on the more challenging aspects. Pre-lab work can be viewed as a mechanism for ‘flipping’
the laboratory, by getting students to do initial preparatory work that establishes the core
concepts, and then using the (potentially limited) laboratory time to contextualise and link
these concepts.

Prelab
Start

Prelab
Objectives
Stated

Unprepared

Prelab
Tutorial

Prelab
Test

Prepared

Prelab
Finish

Figure 4.2: Pre-lab Structure
Best practice suggests that a pre-lab activity incorporates: clarification of the objectives of
the laboratory preparation (i.e. the pre-lab objectives); development of the core laboratory
concepts to prepare for the lab (possibly through a tutorial or related self-directed activity);
and evaluation of the student preparedness or basic mastery of the laboratory pre-requisite
knowledge and/or skills.
It is also recommended that for students failing in the pre-requisites an opportunity be
provided to revisit the pre-lab activities prior to commencement of the laboratory.
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Pre-Lab Objectives Stated
The first step in communicating the lessons objectives is establishing the prerequisite
knowledge, or pre-lab objectives. Stating prerequisite knowledge serves several purposes.
Firstly, it assists students in becoming aware of what is required to attempt the laboratory.
By addressing potential knowledge gaps outside of the laboratory, students are able to
focus on the lesson itself. Secondly this information provides a refresher to content that
students may not have used in some time.
Pre-Lab Tutorial
Prerequisite knowledge will fall into one of two categories: a technical understanding of the
relevant laboratory apparatus; and assumed background or theoretical knowledge. The
depth of the knowledge presented should be carefully considered. A good rule of thumb to
follow is to present knowledge acquired within the last year.
Pre-Lab Test
Having supported students in developing an understanding of the supporting knowledge
and skills required within the laboratory experience, it is time to check the extent to which
they have in actuality developed this prerequisite knowledge and skills. This can be assessed
in various ways, though in most cases some form of simple pre-lab test is most likely to be
appropriate. Only content that is specifically mentioned in the prerequisite knowledge
section should be tested in the pre-lab (as assessing other elements is likely to lead to
misconceptions regarding the laboratory objectives). Given the preliminary nature of this
background knowledge, the tests should not be too arduous or time consuming.
The pre-lab test will typically be an informal formative assessment (as distinct from a
summative assessment that contributes to the laboratory grading). This encourages a focus
on assessment of preparedness rather than a focus on maximising assessment outcomes.
This assessment should however include a comprehensive feedback process. Students who
successfully complete the pre-lab test will move into the main laboratory.
If the pre-lab assessment indicates a lack of preparedness, then a student can be advised
where their problems lie, and encouraged (or where appropriate, required) to revisit the
prerequisite knowledge, and potentially re-assess their preparedness. In some cases it may
be appropriate for these students to be given an opportunity to complete a previous lab
that addresses the knowledge gap preventing their success. This stage not only establishes a
baseline readiness to undertake the laboratory, with regard to relevant skills and conceptual
understanding, but it also encourages a student focus on the relevant learning in the main
laboratory, preventing distraction by non-key learning outcomes.
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Main Laboratory Experience
Students who have started the laboratory phase of the lesson are assumed to possess the
prerequisite knowledge which has been assessed through the pre-lab test.

Laboratory
Start

Lesson
Outcomes
Explicitly
Stated

Lesson Targeting
Specific Outcome
Outcomes
not achieved
Outcome
Tested

Outcomes
achieved

Laboratory
End

Figure 4.3: Laboratory Structure
As mentioned earlier, some instructional models that are well suited to laboratory activities
(such as BSCS 5E), place exploration and invention before structured learning and
application. In these cases, the pre-laboratory preparation and the post-laboratory
reflection and reporting provide structure around the more unstructured laboratory activity.
Establishing transparent and relevant lesson objectives and outcomes is critical to successful
laboratories. Good practice includes the majority of the items below:
• explicitly stated lesson objectives;
• explicitly stated learning outcomes;
• assessment linked to stated outcomes;
• the experiment connects well with the curriculum;
• the lesson can be completed in the allocated time; and
• an individual, or group of, student(s) (as outlined) could realistically conduct this
experiment.
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Explicitly Stated Lesson Objectives
Once student have demonstrated preparedness for the laboratory, the lessons objectives
need to be clearly established. These will often incorporate the achievement of specific
learning outcomes (which need to be clearly articulated) but may also incorporate other
objectives; for example, an objective may be for students to establish a clear collaborative
team structure for carrying out subsequent learning activities after the completion of the
laboratory. All lesson content, laboratory activities, and subsequent evaluation and
assessment should be directly related to these lessons objectives. For this reason the lesson
objectives must be explicitly and clearly described.
Lesson objectives must be practical and deliverable. In addition, they should be described in
a way that allows them to guide the design of the tasks at a level appropriate to the lesson
context, the type of knowledge that the student is required to master (e.g. remembering
factual knowledge, understanding conceptual knowledge, applying procedural knowledge,
analysis, synthesis etc.), and the expected student abilities. If the laboratory activity is able
to be personalised, then individual characteristics or student type may also be taken into
account.
The lesson objectives may typically be classified into two categories, based on their
priorities: primary and secondary. A primary lesson objective is the overarching goal of the
lesson; it is the purpose for providing the lesson in the first place. It is acceptable to present
multiple primary objectives, however if this number grows too large then it can lead to a
loss of clarity. In this case it is recommended that you consider breaking the laboratory up
into multiple lessons.
A secondary lesson objective is an outcome that must be met before a primary outcome can
be satisfied. It is not the focus of the laboratory, merely an incidental outcome achieved in
the process of successfully completing the primary objective. It is important that the
designer should not confuse these two types of objectives. In an open lesson, the primary
objectives must still be met, but different paths through a laboratory activity by different
students might dictate that different set of secondary objectives be satisfied.
To illustrate the above points, an example is presented of the design of primary and
secondary lesson objectives for a typical laboratory. In this case, the laboratory involves
students using an arbitrary piece of laboratory equipment to take several readings and then
identify patterns in the resultant data. There are two primary learning outcomes for this
lesson type: developing the ability to measure and record relevant data; and evaluation of
the data. It should be noted that this is not the only option available. If the students were
already deemed proficient at the data gathering or analysis techniques, as defined in the
prerequisite knowledge, then this primary outcome would be no longer required. For these
primary outcomes, appropriate secondary outcomes could include calibrating the
equipment and using the software for data analysis (if applicable). The lesson objectives
might therefore be:
Primary Outcomes:
• understanding how to record data using the laboratory apparatus; and
• apply the results of recorded data to recognise relevant patterns.
Secondary Outcomes:
• understanding how to calibrate the laboratory apparatus; and
• understanding the use of relevant software to analyse the collected data.
There will often be multiple ways to interpret and present the lesson objectives. Choosing
which is most appropriate is dependent on the student’s level of experience, their previous
knowledge, as well as the overall context.
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Lesson Targeting Specific Outcomes
Each primary outcome is individually addressed through a focused lesson block. Each lesson
block has two phases: presentation of content and evaluation of content. Presentation of
content involves, as the name suggests, presenting content required for students to
understand, and eventually meet, the stated outcome. The form of the content will be
determined by the lesson designer. Example approaches include: a simple statement of
facts; a structure sequence of experimental steps; open-ended experimental design. Factors
which impact this choice include student experience and depth of the cognitive processes
that are being targeted (i.e. remember, understand or apply).
The next phase, the evaluation of content, involves determining the extent to which the
student has engaged with and achieved the specific desired outcomes. There are several
methods possible, including: reproducibility of results; proficiency of recalling content; the
ability to apply the concepts to a new problem. According to Reif and St John (1979), this
test is aimed at extensive post-lab reflective practices used to reinforce and assess learning
outcomes. In reality, whether the evaluation will be formative or summative depends on the
institutional requirements as well as whether the type of content might lend itself to such
evaluation. Once a student has successfully met all primary outcomes, the primary
laboratory activity has been completed.
Additional recommendations regarding the design of the laboratory experience include:
Reflective Practice: It is important that the laboratory encourages participants to reflect on
the process/results. Good practice includes the items below:
• Use Socratic questioning to probe learning that occurs.
• Encourage students to check for errors in the data, procedures and results including
result validation (i.e. comparing results with textbook values or other independent
sources to see if they are in agreement, and more importantly attempting to do this and
commenting on the outcome).
• Encourage students to draw conclusions from data.
• Reflective practice can be enhanced using digital interface to elicit information.
Collaboration: Students should be encouraged to adopt correct collaborative practices.
Good practice includes the items below:
• Provide avenues for peer–peer collaboration and review, either in synchronous or
asynchronous mode, with the former being preferable. For example, make it a
requirement to integrate and apply knowledge from different teammates to solve the
puzzle/problem.
• Collaboration could be promoted through being a mandatory part of class discussion to
promote independent strains of discussion. Make students discuss possible inaccuracies
and/or limitations of an experiment.
• In order to avoid lack of engagement or participation, provide group work with distinct
individually appointed team roles, but rotate the roles over the activity or between
activities.
• Encourage peer to peer evaluation.
• Practical and communication skills development.
• It is desirable that the laboratory encourages development of practical laboratory skills
and communication skills. It should promote good engineering/science practice. It
should ensure proper processes of enquiry including:
- appropriate selection and use of data analysis techniques, discipline-related
software, or common tools from industry;
- proper documentation of findings (e.g. logbook);
- Development of problem-solving skills;
- Demonstrating time management/scheduling skills; and
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-

Writing reports, and preparing and delivering presentations.

Open Lesson: Without rigid structures, the lesson evolves to meet the needs of the student
without having to contain instructions for every step of inquiry. Good practice includes at
least some of the items below:
• The purpose of an open lesson is to develop students’ inquiry skills and create
opportunities for student creativity, and encourage lateral thinking, problem-solving,
and design and planning skills. The lesson should give opportunities for student
autonomy.
• Present problems in a real-world context. Relate theoretical principles to practical
problems. As far as possible, take up a real problem relevant to students and link the
laboratory exercise to this. Even if it is not possible within the lab, there could be a postlaboratory or extra-laboratory project that is based on real-world problems.
• A non-linear lesson design triggers deeper cognitive processes, and creates a wider
range of learning outcomes and higher motivation for students.
• Highly interactive lessons are possible in digital interfaces. Where possible, this should
be exploited. One can also design semi-interactive labs even in conventional hands-on
labs constrained by the physical environment of the laboratory, using a team of lab
assistants.
Lesson Content Enhancing Student Engagement: The lesson content should be designed to
encourage student engagement. Examples of this include:
• real-world application/context of lesson content;
• health and safety issues; and
• utilises student's prior knowledge/experiences
Adequate Experimental Descriptions: Provision of detailed guidelines for students
regarding undertaking the experimentation, and suited to the particular skill levels of the
students. For example, elements to include could include descriptions of:
• the apparatus/set-up (e.g. rig);
• the actual experiment as a whole; and
• any specific experimental procedures.
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Chapter 5: Dissemination
The outcomes from this work have been disseminated through a range of avenues. We have
specifically targeted a number of key presentations and publications.

Ascilite2012 Workshop
In November 2012 a workshop on design and sharing of laboratories was held as part of the
Ascilite2012 conference in Wellington, New Zealand. Whilst limited (by the conference
structure) to a relatively short workshop session (90 minutes) it provided an opportunity to
engage participants in the concept of educationally sound laboratory experience design. The
feedback from the workshop was exceptionally positive (one participant commented that it
was “unexpectedly the highlight of the conference, and should absolutely have been the
lead keynote”) and has resulted in more than a dozen subsequent contacts expressing
interest in further information.

AAEE2012 Workshop
We conducted a workshop at the annual AAEE (Australasian Association of Engineering
Education) conference in Melbourne in December 2012. The intention was to showcase the
elicited lesson elements and the lesson designed from this, and to broaden engagement
with the concepts of effective laboratory design. While the event was held as scheduled, the
participation in the workshop was unfortunately very low (four participants). This was
largely due to the structure of the conference, which scheduled the workshop in parallel
with five parallel paper sessions, another workshop, and master classes. Those people who
did attend were highly engaged and have subsequently shown strong interest in ongoing
use of the concepts and resources.

REV2013 Workshop
In early February 2013 a workshop was held in Sydney in conjunction with the REV2013
conference (the premier international conference that focuses on remote laboratories). This
workshop provided an introduction to remote laboratories and how they can be developed
and utilised. The workshop was heavily informed by the work from this project, and
incorporated a significant focus on effective design of laboratory experiences.
The workshop had 23 registered participants and an additional 8 who turned up on the day
of the workshop (10 from NSW, 3 from WA, 3 from SA, 6 from QLD, 2 from Victoria, and 7
from overseas). The workshop was highly successful and has resulted in a significant degree
of ongoing engagement and numerous requests for additional information and support. The
majority of participants were individuals who are in positions to significantly influence the
ongoing development of laboratory experiences within their institutions.

Publications
Several materials relating to the work carried out as part of this project have been prepared
and made publicly available, as shown below:
• Papers: this includes one conference publication in the international conference,
REV2012 – Remote Engineering & Virtual Instrumentation, introducing the adaptable
design. There are two more papers currently being prepared. These papers will target
journal publications.
• Videos: we also have two videos, one mini video of 1 minute in length and a longer
video of 20 minutes, on the proof-of-concept implementation of lesson guide,
integrated with remote lab rig and LMS.
• Power Point Slides: we also made presentations at workshops (slides as output).
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Chapter 6: Conclusions
This OLT (formerly ALTC) project was commissioned to research and demonstrate how
improved support for laboratory experiences could be provided through:
• enhancing the quality of lesson guides by providing clearer support for academics,
possibly in the form of lesson guide templates that capture best practice across a range
of learning objectives; and
• enhancing the guidance provided to students in using these lesson guides by
implementing pedagogically sound lesson guides in remote laboratories to provide an
innovative way of achieving this support or second strategy.
In order to understand what constitutes best practice in laboratory guides, we elicited
knowledge from literature sources, exemplar lesson guides and expert inputs. We also
supplemented this with end-user (student) input obtained via a survey.
The lesson guide best practice information has been compiled based on the above
information, and a set of laboratory lesson guidelines incorporating these factors have been
developed. This set of guidelines is useful in its own right for creating laboratory lessons.
We designed and developed an example lesson guide, incorporating the knowledge elicited
in the above exercise, for a remote laboratory system. This is an instantiation of the
template design factors. A first-cut version of the laboratory lesson guide has been
implemented in remote laboratory settings by integrating the lesson guide module with
Lesson Management Systems (LMS) and remote laboratory.
While we were able to incorporate the pedagogically sound, refined set of lesson elements
into the LMS-integrated lesson guide that we had been implementing, the level of validation
has been limited. Therefore, whether a well-designed lesson guide improves the quality of
the lesson is still to be treated as a hypothesis.
Previous remote laboratory lessons were simply worksheets to be followed. Our developed
lessons introduced interactivity between the student, lesson and the rig, including dynamic
feedback systems which allow for a learning experience catered to the knowledge and
behaviour of individuals. This is capable of presenting a range of content resources,
including elements with dynamic feedback.
We have also been disseminating the outcomes of our research and development through
appropriate modes such as workshops and publication(s).
While we have reviewed a handful of theories and frameworks, and elicited elements
suitable for laboratory design, this should not be misconstrued as an attempt to select one
theory or framework over another. Our work is essentially focused on identifying guidelines
for structuring best-practice laboratory lesson guides, and the academics who then utilise
these guidelines will potentially have their approaches informed by a very diverse set of
pedagogic theories. Thus we consciously chose to not select one particular theory. The
reason for discussing the different approaches was to emphasise the diversity that exists,
and hence that any recommendations regarding best practice need to accommodate this
diversity. In other words, our approach is essentially to provide a platform where many
different pedagogic theories and approaches could be accommodated. The proof of concept
is just that. It is a proof of concept that synthesises best practices, which may be supported
by multiple theories within limitation.
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Chapter 7: Recommendations and Future Work
Overview
The following is not necessarily a recommendation for OLT, but describes the likely future
direction of our research following this project.
It is recommended that the future work focuses on extending the adaptation functionality,
exploring ways to incorporate best practice lesson plan design guidelines, and evaluation of
the impact on student learning.
A mechanism for ongoing collection of feedback on laboratory guides will be developed,
such that the information on best practice can continue to be refined.
A set of tools (for constructing learning objects) will be developed that (semi-) automate the
process of converting a developed lesson plan into a learning object (as a SCORM-compliant
SCO) that can be installed on a suitable learning management system. These tools will
validate lesson plans and then link in a standard suite of laboratory support and assessment
mechanisms.
As part of future dissemination, given funding, we also plan to use our templates and
instantiated experiments in a series of pilot studies aimed at assessing students’ responses
to laboratory lessons based on the templates. This will be tested for the hypothesis that it
improves the quality of the learning experience and will allow validation and refinement.
Fundamental to this inquiry is the hypothesis that different designs in the laboratory lessons
guides based on different pedagogic approaches can support different learning outcomes.
Multiple lesson guides can be layered on top of the same physical laboratory apparatus. For
example, an inquiry-based approach (as described by Kirkup, Pizzica, Waite & Srinivasan,
2010) aimed at model-building might be captured in one lesson guide, whilst a task-oriented
approach aimed at psychomotor skills development might result in a second lesson guide,
both layered on top of the same laboratory apparatus.
The practical outcome of this exercise will be a learning tool that supports structured
guidance for students in undertaking remote laboratory experiments. A mechanism for
ongoing collection of feedback on laboratory plans will be developed, such that the
information on best practice can continue to be refined.

Lesson Design
The lesson we developed was necessarily brief given the timeframe of the project. Ideally,
future lessons will include a depth that allows students to focus on a single subject, down to
its fundamental principles. By ensuring that students are proficient at all levels for all topics,
new knowledge can be introduced with an accurate assumption of prerequisite knowledge.
The result is a lesson which is both challenging and achievable, factors which are known to
improve the chance of enhanced engagement through flow.
Lesson content has been traditionally designed with a one-size-fits-all philosophy. All
students are presented with the same learning experience regardless of their current level
of understanding. The alternative lesson model which we have developed is capable of
presenting a wide range of lesson material suitable for a variety of levels of expertise. As
long as it is possible to gauge the current level of expertise of students, we are able to
present a small portion of the total lesson targeted to their current level of understanding.
The critical step in development has transitioned from the development of content, which is
now exhaustive, to the development of lesson flow which determines the subsets of content
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that are made available as the students’ understanding flourishes.
The following are some next steps with regards to lesson:
• Content to be driven more rigorously by objectives met.
• Content can be flagged as dependent on meeting certain outcomes before ‘unlocking’.
• These unlocking phases would give access to tiers of lesson content, each only
becoming available when prerequisites are met.
• Capable of presenting a range of content resources, including elements with dynamic
feedback.
• Lesson content is currently independent from lesson flow, but we recommend enriching
to for all paths.
While we employed dynamic feedback to trigger some reflection on the part of the student,
this is only a small part of the bigger concept of feedback that could be better exploited.
Both reflective practice and collaboration require some adaptations before one can reap
significant benefit.
As far as feedback is concerned, it occurs at two different levels. There is immediate
dynamic feedback in response to resource outcomes, which has been implemented.
In terms of short term goal, direct feedback in our implementation was limited to incorrect
answers; this could be expanded to additional content that gives additional feedback.
Then, there is also a need for long-term feedback for learning outcomes over entire lessons
and domains. This requires much bigger loop and persistence of memory well beyond the
session, and more sophisticated evaluation of learning.
Currently, limited memory persists after the session closes. This makes it difficult to manage
a history of individual student behaviour, across resources and lessons as a whole. However,
a full implementation requires both short- and long-term data storage. Keeping track of this
information while transitioning between resources also presents a separate issue. These
need to be addressed in the future versions.
Another lesson factor which can be improved upon is prerequisite milestones. The current
implementation flags a student’s adequacy at blocks of content. When this milestone is
exceeded the student advances to the next block. Future lesson iterations should refine this
process, keeping track of student performance in each lesson outcome and facet of
knowledge relevant to the lesson content. An investigation of the benefit of this higher-level
individual tuning should also be undertaken to determine the benefit, if any, of emphasising
individually tailored lessons.
• Complexity of lesson content is not a limitation, whereas rig complexity is.
• Limitation of richness of lesson.
• Monitoring additional student and rig behaviour.
• Comparison long-term statistics can be used to refine lesson content based on an idea
of ideal student interaction.
• For example, time taken leading to help pop-up.
• Repeated failure leading to additional help from a tutor.
• Common areas of difficulty leading to a greater emphasis on in-class instruction.
• Common areas of ease leading to either more challenging work or a greater emphasis
on other content
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Finally, it is worth noting that several of the project team are heavily involved in exploring
initiatives that will use remote laboratories to provide large-scale support for experiential
science education within K-12 schools. The work that has emerged from this project will be
critical in supporting the effective design of highly adaptive laboratory experiences.

Flip Class Rooms
Our evaluator pointed out the significance of connection to ‘flipped classrooms’. The
practice requires students to do substantial preparatory work prior to class, so as to make
the precious contact time with the instructor available for more challenging tasks such as
problem-solving. This is closely linked to pre-laboratory work as well as the overall context
of remote laboratories. Pre-lab work is an attempt to ‘flip’ the class room by getting
students to do preparatory work prior to valuable and limited laboratory time.
On the other hand, one could argue that entire remote laboratories could fit in to the
structure of ‘flipped classrooms’ as ‘preparatory sessions’ in the context of the larger
engineering curriculum. That is, the technology could support a flip class room, but in a
different fashion than usual instructional classes. The usual lab time could be in students’
own time, but classroom time could provide the lively discussion arena to reflect,
collaborate and tackle more significant questions. This is an interesting issue that must be
addressed in future work.

Containing System
In the current investigation, we limited our scope to laboratory lessons and lab guides,
except where the purposes of our work is aligned with the larger system. In future
investigations, consideration should also be given to containing systems (larger educational
systems, programs, curriculum, etc.) in designing laboratories. One of the key issues is
separation of theory and practice in the curriculum, which reflects on the student uptake of
laboratories (NRC, 2006). According to America’s Lab Report: “Effective laboratory
experiences are thoughtfully sequenced into the flow of classroom science instruction. That
is, they are explicitly linked to what has come before and what will come after” (NRC, 2006,
p. 102). Apart from integrating at a curriculum level, actual interplay of theory and practice
must also be studied. Eckerdal and colleagues (2009) have done some preliminary work in
this regard.
Finally, learning improves when multiple perspectives, paradigms, techniques and tools are
presented. Our aim is not to replace traditional laboratory practices, but augment them
using the context of the remote laboratory.
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Appendix A: Expert Elicitation Instrument
Part I: Lesson Analysis: Holistic Evaluation
Thank you for agreeing to evaluate the lessons for us.
As you know, we are evaluating a set of 'exemplary' lesson guides (a.k.a. lab guides) in order
to identify elements of best practice. As discussed, we would like to have it evaluated by
you. This would essentially involve reviewing, assessing, scoring, and commenting on a small
sample of lab guides provided to you.
You are asked to study and evaluate the merits (and demerits) of the laboratory lesson
guides given to you based on how well the lesson guide explicates best practices in directing
laboratory lessons. The evaluation will be in two parts.
The evaluation would consist of initial open-ended holistic evaluation of lesson guides,
followed by a directed semi-quantitative rating of lesson guides against a set of prescribed
criteria. You will also evaluate the criteria itself. Your evaluation may be followed by an
interview (at times, two interviews, if necessary) to understand the rationale for, and
context of, your evaluation.
As an expert evaluator, you are given a random pool of lesson guides from what we
collected, and the process is expected to take a total of about 5-6 hours, including an hour
of interview. The work can be spanned over 2-3 weeks (although we would like to have it
sooner, if available). Upon completion, the evaluator will be paid an honorarium of $250.
Special Instructions for Labs Split into Multiple Files of Mini-Labs: For the purpose of
evaluation, some lessons are split into multiple documents, and are placed in separate
folders, signaling their dependencies. These grouping of lessons (often named Groups A, B,
C, D or E etc.) should be regarded as a single lesson for the purpose of assessment, and are
optimally assessed when presented in order as a lesson, as per the prescribed general
instructions. Within any group, there might be some repetition of materials (as instructors
try to make each PDF file readable on their own, reducing the need to refer to previous labs’
materials frequently). Even within a group, some lessons may stand on their own. We
recommend that you at least give a very quick reading of all the lessons within a group, but
you are free to choose to focus on a sample of sub-lessons (separate PDF files) for detailed
scrutiny, when you encounter repetition.
To begin with, we would like you to rate the lesson guides based on your holistic
assessment/ judgment. At this stage, no criteria have been furnished by us, and you may
choose any criteria or method that you see fit. We would like you to rank the lessons, paying
particular attention to the top lesson guides (say top 4, but not necessarily limit to top
lessons). Keep in mind the rational used in your ranking system as you answer the questions
bellow.
Questions
•

Please study the lesson guides provided to you and answer the following questions.

•

List 5 best practice elements/ patterns/ factors that would improve one or more of the
given lesson guides? [Choose one or more lesson guide(s) that interest(s) you for this
purpose].

•

List 5 elements/ patterns/ factors that would harm the quality of one or more of the
lesson guides? [Choose one or more lesson guide(s) that interest(s) you for this purpose].

•

Could you identify the factors that lead to selecting your top lesson guides, which you
consider exhibit best practices (elements/ patterns/ factors)?

•

Could you rank them in the order of their merit?
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•

What was the rationale for your choice? If possible, please mention the best practices
prompted you to select these lessons?

Questions to Ponder
•

Also, while you are carrying out your exercise, please consider the following questions in
relation to your exercise. You need not answer them now, but you may be requested to
discuss these in a subsequent interview:

•

In what context, are these best practices/ factors relevant? Do these factors become more
relevant in a different context?

•

In what context, do these factors become irrelevant or mitigated? Do these factors
become more relevant in a different context?

•

What are the interactions of these factors with each other and with other external factors
(the context)?

The intention is for you to not spend more than 1 hour or so (+/- 0.25 hour) on Part I.

Part II: Lesson Analysis: Detailed Evaluation
PLEASE DO NOT OPEN THIS, UNTIL YOU FINISH SECTION I & RETURN TO US
Please do not read through the second part until you have completed the previous section.
For the second part, the approach will be increasingly structured.
Criteria developed by the Internal Team
We have identified the following lesson elements as contributing to effectiveness of
laboratory lessons in general:
•

Reflective Practice: Encourages participants to reflect on the process/results

•

Result Validation: Results from analysis are validated through implementation or alternate
forms of analysis

•

Error Checking: Results are scrutinized for sources of inaccuracy in measurement/method

•

Explicit Specification of Lesson Objectives and Outcomes

•

Real World Application: Lesson problems are presented with a real world context

•

Stated Outcomes: Learning outcomes of the lesson are explicitly stated

•

Marking Key: Allocation of marks is explicitly stated

•

Collaboration: Students are encouraged by design to adopt correct collaborative practice
(ie unique roles)

•

Peer-peer Assessment:

•

Openness: Without rigid structures, the lesson evolves to meet the needs of the student
without having to contain instructions for every step of inquiry

•

Non-Linear: Paths of inquiry are generated by the students, potentially leading to multiple
paths (including dead ends)

•

Interactive, Path Dependent: Initial paths of inquiry influence subsequent paths of inquiry

Method and/or results are validated by other students

Questions
Could you please comment on the relevance of these criteria?
•

Compare the criteria stated above with your own resulting from the previous holistic
analysis. Please note that the holistic assessment that you carried out in Part I does not
have to tally with the assessment carried out in Part II.

•

Please score each of these criteria/ lesson best practice elements (based on their
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perceived importance), using the scale of 1-10, with 1 being low and 10 being high.
•

With each of these criteria, please tell us why this is significant?

•

If you feel this criteria set is incomplete or inconsistent or lacking in any other way, please
feel free to modify this criteria. E.g. add/delete/ change element(s)

•

Using the criteria that you have evaluated (and then, if relevant, your enhanced criteria
with suitable modifications), please score the lesson management plans given to you,
using the scale of 1-10, with 1 being low and 10 being high. While you may use existing or
enhanced criteria, please show breakdowns for individual elements.

Questions to Ponder
Also, while you are carrying out your exercise, please consider the following questions in
relation to your exercise. You need not answer them now, but you may be requested to
discuss these in a subsequent interview:
•

In what context, are these best practices/ factors relevant? Do these factors become more
relevant in a different context?

•

In what context, do these factors become irrelevant or mitigated? Do these factors
become more relevant in a different context?

•

What are the interactions of these factors with each other and with other external factors
(the context)?

The intention is for you to not spend more than 3 hours or so (+/- 1 hour) on Part II.

Part III: Interview
This part will be a structured interview. You will hear from us with additional details. This is
expected to take about an hour or so.
While you go through these materials, should you have any questions, please do not
hesitate to contact us.
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Structure of Information Organization from Expert Elicitation
Name of the Element:
Give a name to best practice element/ pattern that contributes to learning

Intent:
•
•
•

What does the best practice element do?
What is its rationale and intent?
What particular issue or problem does it address?

Motivation & Applicability:
•
•

Give examples of best practice elements/ patterns either in existing labs or in new
ones?
A scenario that illustrates the best practice element/ pattern is used.

Contextualization:
Describe:
• the situations in which the best practice element/ pattern can be applied
• the situations of learning impediments that the best practice element/ pattern can
address
• how these situations can be recognized

Containing System:
•
•

How does the best practice element/ pattern support its objectives?
What are the trade-offs and result of using the best practice element/ pattern?

Interactions:
•
•
•
•
•

How does the best practice element/ pattern interact with other best practice
elements or the contexts?
What other best practice elements/ patterns are closely related to this one?
What are the important differences?
What are the other complementary best practice elements/ patterns?
What pitfalls, hints, or techniques should you expect when implementing the best
practice elements/ patterns?
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Appendix B: Student Survey Instrument
Welcome to this brief survey on your lab experiences. We are doing research on designing
good laboratories. For this, we want to understand the range of laboratory experiences that
you (as a student) have had (both good and bad), and the factors that contributed to this.
Your participation will help improve the laboratory experiences of other students in the
future. This survey will be anonymous.
Non-Identifying Demographic Information
Before we begin, please provide the following profile information (you will still be
anonymous).
Please state your major:
How many semesters of
university
education
have you completed:
Name the University
and/or
Tertiary
Institutions you have
attended
In this question we will ask you about your best lab experiences.
Best Laboratory Experience
A. Try to recall your best lab experience(s). What did you most like about this/these
lab(s)? State 2+ reasons.

Definitions of Some Terms The following definitions are given to help you in interpreting
some of the following questions:
Lesson Objectives: Short term tangible goals that students aim to achieve through
completion of a lesson
Lesson Outcomes: Long term educational impacts on students that result from successful
completion of a lesson
Data Evaluation: Making sure that the data makes sense/ is not inconsistent with other data
Validation: A reflective practice which involves running a series of tests to ensure that
outputs meet standards of success.

Don’t know or
Don’t want to
answer

Not Present

Present, but
not
Contributed

Criteria/ Lesson Element
contributing to the Positive
Experience of the Laboratory:

Contributed
to the Lab’s
Success

B. Consider the following design criteria that can be used for laboratories. For each of
the criteria, please indicate whether the element was present and whether it
contributed to your positive experience of the laboratory.
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Transparent and Relevant
Objectives and Outcomes: Good
practice includes majority of the
items below:
• Explicitly stated lesson
objectives
• Explicitly stated learning
outcomes
• Marking key linked to stated
outcomes
• The experiment connects well
with the curriculum
1.
Pre-Lab Preparatory Work and
Testing: Good practice involves
the majority of the items below:
• Material given or suggested
to prepare for the lab
• Student pre-requisite or
preparedness was tested
before commencing the lab
• Opportunity was given to
students failing in prerequisite for improving the
score and returning to the
lab
Practical Skills Development:
Encourages development of
practical skills. Examples include:
• Data analysis techniques
• Use of discipline related
software, or common tools
from industry
• Proper documentation of
findings (e.g. logbook)
• Development of problem
solving skills
• Demonstrating time
management/scheduling
skills
Communication Skills
Development: Encourages
development of communication
skills. Examples include:
• Written
• Oral
• Presentation
Reflective Practice: Encourages
participants to reflect on the
process/results. Good practice
includes majority of the items
below:
• Checking for errors in the
Enhancing remote laboratory learning outcomes through lesson plan integration within a learning
management system framework

96

•

•
•

data, procedures and results
Result Validation (i.e.
comparing results with
textbook values or other
independent sources to see if
they are in agreement, and
more importantly attempting
to do this and commenting
on the outcome)
Critical evaluation of data
Requires conclusions to be
drawn from data

Collaboration: Students are
encouraged by design to adopt
correct collaborative practice (ie
unique roles). Good practice
includes majority of the items
below:
• Peer to peer evaluation
• Group work with distinct
individually appointed team
roles
• Students required to
integrate and apply
knowledge from different
teammates
2.
Open Lesson: Without rigid
structures, the lesson evolves to
meet the needs of the student
without having to contain
instructions for every step of
inquiry. Good practice includes at
least some of the items below:
• Students can move through
the lab in different ways
• Interactive
• Student inquiry skill
development
• Opportunities for student
creativity
• Encourages lateral thinking
and problem solving skills
• Experimental design and
planning
• Opportunity for student
autonomy
Enhancement of Student
Engagement: The lesson content
is designed to encourage student
engagement. Examples include:
• Real world
application/context of lesson
Enhancing remote laboratory learning outcomes through lesson plan integration within a learning
management system framework

97

•
•

content
Health and safety issues
Utilises student’s prior
knowledge/experiences

Adequate Experimental
Description:
• The apparatus/set up (e.g.
Rig)
• The actual experiment as a
whole, and
• Any specific Procedures
If any questions or criteria are not clear, please provide additional information:

C. Are there any other design criteria that you would add to those listed above? If so
give a brief description bellow and an indication of importance:

D. Select one element you selected or suggested to describe briefly how it contributed
to your enjoying the laboratory and the learning experience:

E. Were any questions on this page not clear? Yes / No
Worst Laboratory Experience
Try to recall the worst lab lesson that you had.
A. In your own words, what did you most dislike about this lab? State 2+ reasons.

B. Please describe how the laboratory lesson could be improved using the range of best
practice design criteria listed below. Please indicate whether: (1) the element
(currently not present) needs to be incorporated, or (2) the element that was
present needs to be improved in implementation, or (3) the element currently
present is inappropriate for the context and needs to be removed.
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Don’t know or Don’t
want to answer

Element (present)
needs to be removed

Element (present)
needs to be improved

Transparent and Relevant
Objectives and Outcomes: Good
practice includes majority of the
items below:
• Explicitly stated lesson
objectives
• Explicitly stated learning
outcomes
• Marking key linked to stated
outcomes
• The experiment connects well
with the curriculum
3.

Element (not present)
needs to be
incorporated

Criteria/ Lesson Element
contributing to the Positive
Experience of the Laboratory:

Pre-Lab Preparatory Work and
Testing: Good practice involves
the majority of the items below:
• Material given or suggested to
prepare for the lab
• Student pre-requisite or
preparedness was tested
before commencing the lab
• Opportunity was given to
students failing in prerequisite for improving the
score and returning to the lab
Practical Skills Development:
Encourages development of
practical skills. Examples include:
• Data analysis techniques
• Use of discipline related
software, or common tools
from industry
• Proper documentation of
findings (e.g. logbook)
• Development of problem
solving skills
• Demonstrating time
management/scheduling
skills
Communication Skills
Development: Encourages
development of communication
skills. Examples include:
• Written
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•
•

Oral
Presentation

Reflective Practice: Encourages
participants to reflect on the
process/results. Good practice
includes majority of the items
below:
• Checking for errors in the
data, procedures and results
• Result Validation (i.e.
comparing results with
textbook values or other
independent sources to see if
they are in agreement, and
more importantly attempting
to do this and commenting
on the outcome)
• Critical evaluation of data
• Requires conclusions to be
drawn from data
Collaboration: Students are
encouraged by design to adopt
correct collaborative practice (ie
unique roles). Good practice
includes majority of the items
below:
• Peer to peer evaluation
• Group work with distinct
individually appointed team
roles
• Students required to
integrate and apply
knowledge from different
teammates
4.
Open Lesson: Without rigid
structures, the lesson evolves to
meet the needs of the student
without having to contain
instructions for every step of
inquiry. Good practice includes at
least some of the items below:
• Students can move through
the lab in different ways
• Interactive
• Student inquiry skill
development
• Opportunities for student
creativity
• Encourages lateral thinking
and problem solving skills
• Experimental design and
planning
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•

Opportunity for student
autonomy
Enhancement of Student
Engagement: The lesson content
is designed to encourage student
engagement. Examples include:
• Real world
application/context of lesson
content
• Health and safety issues
• Utilises student’s prior
knowledge/experiences
Adequate Experimental
Description:
• The apparatus/set up (e.g.
Rig)
• The actual experiment as a
whole, and
• Any specific Procedures
If any questions or criteria are not clear, please provide additional information:

C. Are there any other design criteria that you would add to those listed above? If so,
please indicate whether: (1) these elements (currently not present) need to be
incorporated, or (2) these elements that were present need to be improved in
implementation, or (3) these elements currently present are inappropriate for the
context and need to be removed.

D. Select one element you selected or suggested to describe briefly how you anticipate
it might contribute to your enjoying the laboratory and the learning experience:
5.

6.
E. Were any questions on this page not clear? Yes / No
Follow Up Question
If you found any of the above questions confusing or if you felt unsure of the question’s
wording or meaning, please list the number(s) of the confusing questions and comment as
why you might have been confused in the box below:
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Additional Comments?:

Final Word
Thank you for your participation. Would you like to participate in a focus group, where you
will discuss the issue in detail? You will also have an opportunity to participate in an online
lab for fun and for evaluation purposes.
If you agree, please email your name and email id to: lab_guide_evaluation@gmail.com
Thank you for your participation!
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Appendix C: Independent evaluation
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Enhancing remote laboratory learning outcomes through
lesson plan integration within an LMS framework (ID11 – 1934) –
Evaluation Report
February 25 2013

Dr Lesley Jolly
Strategic Partnerships

Enhancing remote laboratory
learning outcomes through
lesson plan integration within an
LMS framework –Evaluation Report
February 25, 2013

This is the final report of the evaluation of the project ID11-1934 Enhancing remote laboratory
learning outcomes through lesson plan integration within an LMS framework.
The first consultation with the project team was held in September 2011 and an evaluation
framework was agreed. However, loss of staff to new jobs and an emerging awareness of the
complexity of the task led to slower progress than was hoped. The project gained an extension
for some activities and final completion in early 2013.

Evaluation Framework

In discussion with the project team it was decided to take a program logic approach to this
evaluation. Interviews were held with the project leaders in October and November 2011 and
the plan set out in Appendix A was the result.
This plan was comprehensive but probably always represented the team’s ultimate aspirations
for the innovation, rather than what could realistically be expected to be achieved within a
single year of project work. As detailed in Appendix A, it was hoped that the project would
include all of the following activities:





Review literature and known practice for sound lesson plan principles
Develop and test lesson plans for the available laboratories
Integrate the develop lesson plans into the LMS to allow for contextualized feedback
Disseminate results through workshops with a range of potential users in the secondary
and tertiary sectors

The difficulty of achieving all of this was increased when two of the team leaders changed
universities shortly after the project began. It is therefore not surprising that the project
appears to have concentrated on the technological issues of integrating remote labs within the
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LMS and there has been less attention to the pedagogic issues involved in providing skeleton
lesson plans. This is a potentially interesting direction for future work in the area.

Evaluation Activities and Results

Because of the curtailed nature of the project, the evaluation activities suggested by the
program logic analysis could not be carried out. Instead the following activities were
undertaken subsequent to the original program logic interviews:
26 April 2012
29 October 2012

Interview with team about changing scope and direction of project
Review and feedback to team of student survey

3 – 20 December 2012
Interviews with four participants in the lesson plan reviews. (An
invitation for an interview was sent to the one attendee of the AAEE workshop whose details
were available but no response was received)
Early February 2013

Reading draft project report

Results

At the April meeting the project team were still planning to cover as much of the originally
planned ground as possible, with “technology and pedagogy running in parallel.” However, it
was acknowledged that a trial module may not be ready for testing before the deadline and this
has proved to be the case. Instead, the team were discussing providing a template or guide that
would encourage good practice and discourage bad practice. The issue of how generic such a
template could or should be was under discussion at that time and has obviously continued to
trouble the project.
Survey

Late in October I was asked to comment on a survey to be circulated to students in laboratory
courses. The original plan had been to interview students who had used the pilot module (see
program logic) but since the pilot didn’t happen this could not be done. It is not clear to me
what the intention of the survey was and I queried this at the time. I also offered suggestions
about how some of the questions might be disambiguated but remained concerned about
whether respondents would understand what they were being asked and the value of their
responses. I discuss this further in my review of the draft project report below.
Expert interviews
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The project team put me in touch with some of the experts they had used in elicitation of
opinions on lesson plans and four of these people agreed to be interviewed. In most cases their
involvement had happened several months before the interview and this may account for some
vagueness in their responses. They could all remember responding to a set of lesson plans
which had come from various courses from around the world, but none of them remembered
any criteria they were asked to apply and three of them explicitly said that they were unsure
what was required of them. This contrasts with the project team’s perception that the process
here was quite structured and influential in the development of the project.
As far as the example lesson plans were concerned all four agreed that it was clear that some
were superior and which those were. In the opinion of all the experts the better plans required
critical thought rather than just following a set of instructions, which is what one would expect.
They went on to say however, that while “a couple of the plans had some desirable features,
none had all of them” The kinds of extra provision that these experts wanted to see in lesson
plans included:




A variety of potential templates for different levels/topics/styles
Mechanisms to encourage students to “rely on each other” for results rather than the
technology
Processes that fostered meaningful decision-making by students.

With respect to this last point, the interviewee said that “we need to make learning adaptive,
not just the technology”. This tension between technological outcomes and pedagogical ones is
evident in the project report also.
Project report

I would like to emphasize at the outset that I have seen only an early draft of the project report
but I am assured it contains the essential matter. I discuss it as some length here because it
provides a level of detail about the project that I was unable to garner elsewhere and provides
some clues about possible future developments arising out of this project.
At this draft stage the literature reviewed mentioned many different potential approaches to
teaching and learning but did not make plain which aspects of which theory was adopted in the
team’s thinking. For instance, there were references to the importance many different theorists
have placed on peer-to-peer collaboration and authentic learning but no indication of how or if
these were built into the example module provided here. The team assure me that such issues
have been clarified in the final draft of the report
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The report on the student survey also required some clarification.. This section of the report
seems overdone for the very small number of respondents and reporting results in percentages
with 12 respondents doesn’t seem particularly clear. The small number of responses is common
with such surveys, as the team are aware and in itself that is not surprising. However, in this
draft the conclusions were troubling. The authors stated that their results reveal important
aspects of the laboratory experience that the expert review and the literature did not. These
aspects were said to include things like relevance and fun (which we might formally label
engagement) which are most certainly alluded to in the literature. They do usefully report that
there is some preference for hands-on laboratories and it is this aspect of student experience
that is worthy of further consideration: is hands-on better than remote for everyone, is remote
better than nothing, and so on.
Once the report gets to discussing the technological innovations of the project it is clearly
much more confident and it is here that the project appears to have accomplished the most. I
am not technically competent to judge the extent of the contribution but the authors offer a
detailed description of the challenge of integrating remote labs with LMS systems which seems
likely to be useful to future technological development in this area. One thing that would be
interesting to see more discussion of is the range of lesson elements that can be subjected to
the technical manipulations described. For instance, in discussing the coding to make the
LMS/remote lab respond to student activity, one of the objects identified as a cue is the
duration on task. It would be good to know more about the pedagogic argument for selecting
this element and how designers decide how long is too long.
This also leads me to ask what kind of pedagogic elements are susceptible of coding in this
fashion. For instance, the discussion of the literature mentions the importance of
communication at several points but it is not clear how the technology can be made adaptive to
this requirement. Indeed, communication seems from the description to be handled outside of
the module altogether with open-ended question responses being emailed to staff. There is also
the comment that “Interactions between students can also be accomplished through the
message board”. It is not clear how this would be done and it could be argued that the relevant
kind of interaction should occur, and can only occur, within the context of collaboration over
the experiment. If it is not possible to have the technology deliver such communication and
collaboration at this time, that needs to be acknowledged. The report does acknowledge that
“more complex lessons require more complex feedback” but is silent on where this feedback
will come from. Since some of the literature review refers to the usefulness of collaboration
and communication within the lab context, some comment on this would seem to be
appropriate.
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Chapter Four of the report is entitled Developing a Generic Guide to Laboratory lesson Design and
looks beyond the remote laboratory setting to consider all laboratory practice. This seems to
embody the learning of the project team but ignores the already vast body of knowledge in the
literature about lesson planning in general. As a result, the advice given here does not
substantially add to what is available in any introductory educational textbook or on many
webpages. Although the team, like many in their field, are inclined to distinguish laboratory
based learning and the construction of lab guides from other kinds of lessons and lesson plans,
this distinction is probably less significant than they think. Ideas such as constructive alignment
still apply and can be helpful in designing lab activities. At the team’s request I have supplied a
list of references which may be of use to them in the future in this regard.
Since these authors put a lot of emphasis on ‘pre-labs’ in which students cover basic or
background knowledge before attempting the lab, it is particularly surprising that there is no
reference to the “Flipped classroom” debate. This is a teaching practice which requires students
to do substantial preparatory work so as to make the most of class time in active learning, and
it has been increasingly popular in science and engineering over the last decade as a way of
making the best use of teaching technologies. This chapter could have been strengthened by
paying attention to this debate and it should be considered a potential future direction of
development out of this project.
Conclusion

This project has been affected by the loss or distraction of key personnel who moved to new
jobs early in its inception. It was always probably a bit ambitious in hoping to bring about both
technological and pedagogical change in such a short time frame and has done as much as can
be reasonably asked of it . However, the potential for pursuing the original goals still exists and
offers possibilities for extending this project into future work. Some fruitful future directions
may include:
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Consideration of the technical issues in embedding pedagogically-motivated conditions
into the Boolean logic of adaptability
Joining this work to the growing debate over “flipped classrooms” in engineering to
address how best to use remote laboratories within the wider curriculum and teaching
practice.
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APPENDIX A: Program Logic, Monitoring and evaluation plan
GOAL: Adapt nature of experimental experience to be more interactive by changing what the student does
Make Remote Labs more accessible to more academics by providing pedagogic structure and reducing cost
OBJECTIVES: Provide interactive feedback during RAL experiments. Provide lessons plan modelling best practice and incorporating feedback loops. Develop feature
enhancements to existing LMS systems.
INPUTS
ACTIVITIES
OUTPUTS
OUTCOMES
IMPACTS

Team members time

Compile lesson plans
through personal contacts

Internet connection
Templates for lesson plans
SCORM
Labshare Institute
Existing exemplars
Tech developer
Project manager
Literature on labs and
learning outcomes
ABET objectives
Collaborators’ goodwill
FOCUS

Distil underlyingly important
concepts (Delphi panel
method)

Lesson plan template

Move to use of the template

Several (6) lesson plans from
Eng and Science

More widespread design of
lab activities incorporating
remote labs

Pilot by March

Set up criteria

Criteria to justify template

Write lesson plans

Efficient operation of plug
and play modules in LMS
(?date)

Develop validation processes
Integrate to LMS
Workshops to different
audiences: Science
Engineering Schoolteachers
Introduce participants to
Labshare
Write journal papers
PERFORMANCE
INDICATORS

Sign-ups to Labshare
Institute

No and type of attendees at
workshops

Students can learn in selfpaced way (maybe better to
think of instructor move to
focus on student learning
rather than info
transmission)

Initial responses to
workshops: identify
strategies and personnel

Team moves to advocacy of
remote labs rather than
being apologists for them

Take-away product from
workshops

Monitoring Matrix
DATA SOURCES
DATA COLLECTION
METHODS

Relevance for secondary
education

Students gain experience and
confidence in greater range
of skills
More emphasis on process in
tertiary labs and greater
range of content and
approaches
Clearer connection with
secondary schools (?and
curricula)
Use of remote lab
experience in academic
promotion
Long-term expansion of
existing labs

RESPONSIBILITY
FOR COLLECTION

TIME FRAME
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Outcomes/outputs

Adaptability

Academic participants

Interviews

Template and Lesson
plans

Uptake

Students involved in
pilot

Focus group

Outcomes/outputs

Smooth operation
within LMS without
interrupting learning
flow
Attendees no, type and
satisfaction

Academic participants

Integration to LMS
Outcomes/outputs
Workshops
Outcomes/outputs
Move to use of
template/ lesson plans
Outcomes/outputs
Student learning
Increased advocacy on
part of team

QUESTIONS
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Suit student behaviours

Take-away product
Applications in
development
Sign up to Labshare
Institute
Lesson emphasis on
student learning
processes and selfpacing
More academics
convinced of
advantages

LJ

At time of pilot

Interviews

LJ

Late in project

Focus group
Observation

LJ

Participants

Exit survey
Follow-up interview
Interview/survey

At time of workshops
and shortly after

LJ

Labshare Institute

Institute records

Research team

At time of workshops
and shortly after

Lessons developed

Participants

LJ

At time of workshops
and shortly after

Written outputs from
team
Interviews with
Workshop participants

Content analysis

LJ

End of project

Students
Workshops sign-ups
Attendees

SOURCES OF
INFORMATION
FROM MONITORING

Observation/interview

Evaluation Matrix
SOURCES OF
INFORMATION FROM
EVALUATION DATA

DATA ANALYSIS AND
REPORTING
METHODS

RESPONSIBILITY

TIME
FRAME
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COLLECTION
Appropriateness

Is the template and technological
development in SCORM more
appropriate for some kinds of
lesson and some platforms than
others?
Are the opportunities inherent
in the project leveraged
appropriately?
Have appropriate audiences
been selected for workshops
and other dissemination?
Effectiveness

How well did the project
persuade people to adopt the
template?
How easy is it to adapt the
template?
Efficiency

Pilot and final interviews

N/A

Incorporate in final
report

LJ

End of
project

N/A

Discuss with team when
presenting evaluation
results
N/A

Check against program
logic incorporate in final
report
Final report

LJ and project team

End of
project

LJ

End of
project

N/A

Incorporate in final
report

LJ

End of
project

N/A

Final report

LJ

End of
project

Incorporate in final
report
Incorporate in final
report
Incorporate in mid-term
and final report

LJ

End of
project
End of
project
After pilot
End of
project

Incorporate in final
report
Final report

LJ

Pilot and final interviews

Interviews and
observation of
workshops
Interviews

Are there time savings for staff?

Interviews

Is time invested in use of the
template worthwhile?
Has the project made clear what
efficiencies exist?

Interviews

Impact

What factors affect people’s
likelihood of using the template?
How much have barriers to use
of Remote Labs been lowered?

Interviews and
observation
Interviews
Interviews

LJ
LJ

LJ

End of
project
End of
project
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Sustainability

What role might Labshare
Institute play in promoting the
tool?
How might curriculum change
affect sustainability of the tool?
Are the tools usable once
support dries up?
Are the tools created here
transferable to other systems
e.g. iLabs or USQ?

Uptake of
membership/intentions

Labshare charter and
operations

Incorporate in final
report

LJ

End of
project

Incorporate in final
report
Final report

LJ

Interviews with users of
other systems

Final report

LJ

End of
project
End of
project
End of
project

Discussion with
accreditation committee of
EA
Interviews with users of
other systems

Develop plans for
submission to committee
if necessary/advised
Final report

Project team

ongoing

LJ

End of
project

Interviews
Interviews

LJ

Other

Should EA approval be sought
for the use of the tool?

N/A

How well does this project
contribute to Labshare’s status
as emergent standard

Interviews with
participants
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