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1 Introduction
A Decision Support Tool (DST), sometimes referred to as Decision Support
Systems (DSS) are a class of information system (including but not limited to
computerised systems) that support business and organisational decisionmaking. DST’s are often based on interactive software intended to help decision
makers compile useful information from a combination of raw data, documents,
personal knowledge and simulation models that help identify and solve
problems and make decisions. When purposely integrated into curriculum they
can provide invaluable real-world experiences for graduates of a range of
disciplines and desirable graduate attributes for their future employers. In many
ways DST’s are a critical component of Work Integrated Learning (WIL) by
providing an authentic learning experience that is consistent with a range of
recent reports and investigations that have been conducted within the Australian
sector over the past few years. These include:
BIHECC report on employability skills (Cleary, Flynn et al. 2007);
Review of Australian Higher Education Discussion Paper (Bradley,
Noonan et al. 2008);
Universities Australia National Internship Scheme (Universities Australia
2008);
CIRM Report (Scoullar and CIRM Working Group 2008);
Australian Learning and Teaching Council project, The National
Association of Graduate Careers Advisory Services (NAGCAS 2009); and
Australian Learning and Teaching Council project The WIL (Work
Integrated Learning) (Patrick, Peach et al. 2008).
Linking DST’s to WIL is important in this position paper and has consistency
with the literature and the sector more broadly as shown above. The definition
that we take here draws upon the Australian Learning and Teaching Council
project The WIL (Work Integrated Learning) report: A national scoping study,
where that project team settled on:
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work integrated learning’ (WIL) as an umbrella term for a range of
approaches and strategies that integrate theory with the practice of work
within a purposefully designed curriculum (Patrick, Peach et al. 2008: 21).

The introduction of DST’s and other technologies, including the Internet and its
applications, into university teaching and learning, here called learning
technologies, have changed the way universities deliver education (Snyder,
Marginson et al. 2007). The role that learning technologies play in learning
activities today has dramatically increased within higher education (HE), “from
tutorial allocations to multimedia lecture presentations, to online resources and
communication with students”, and the list goes on (Dearn, Fraser et al. 2002: 6).
Consequently, in many cases they seem to have also impacted other aspects of
university context such as teaching workload, assessment, course design and so
forth (Tynan and Smyth 2007; Santiago and Carvalho 2008). Together with this,
learning technologies have also affected the way students acquire new
knowledge (Laurillard 2006). In today’s knowledge society students have
increasing access to a whole range of information and a variety of further
educational options (Bowden and Marton 2003). Many believe that the
successful adoption of learning technologies needs to be supported by
appropriate institutional and public policies, together with innovative
management and pedagogical strategies (Laurillard 2002; Laurillard 2006). For
DST’s this is particularly relevant and in fact, research shows that the successful
implementation of learning technologies in higher and distance education
“occurs when educational and organisational objectives are in harmony”
(Snyder, Marginson et al. 2007: 187). Equally important, and the heart of the
discussion in this paper, has been the institutional concern with the quality of
education offered, how it has impacted on graduate attributes and what
relevance it holds for disciplinary applications within various employment
sectors where DST’s are used .
There are currently a wide range of learning technologies available to assist
teaching and learning in HE across different subjects. However, technologies
such as production system models, simulation software, decision support tools
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(DST) and databases tend to be adopted more frequently by professional and
industry sectors for staff training and development. Even though they seem to be
less commonly integrated into HE curriculums, applications that provide
students with real-world industry experience are being increasingly introduced
to some universities’ courses, particularly in the past decade (Turban, Aronson
et al. 2005). It appears that with the push from various sectors, not least
employers, that the integration of DST’s within a WIL pedagogy is both valid and
essential for preparing work-ready graduates.
This paper begins with a brief review of the body of literature regarding some of
the most commonly adopted learning theories and approaches to learning within
a HE context. In addition, the paper outlines the current extent of the application
of DST across the Australian higher education sector with a particular focus on
the agriculture and environment sectors. This paper also explores some of the
benefits of DST and its potential to enhance curriculum and consequently,
students’ graduate outcomes. Together with this, the challenges that may
constrain some academics from fully embracing and adopting DST’s within their
programs are also discussed here. Finally, the paper presents some learning
outcomes from a DST based course and the additional skills that students can
develop and take into employment.

2 Learning Theories
The ways we learn, acquire, transfer and develop knowledge has challenged and
interested philosophers, intellectuals and educators for centuries. In order to
make sense of how people learn and the learning process itself, several theories
were researched and developed and continue being developed as our
understanding of how we learn evolves (Pritchard 2005). Similarly, there might
be as many definitions of the learning process as there are theories of learning.
Despite the differences amongst the learning theories they do tend to have
similarities in their definitions (Driscoll 2000). Driscoll (2000: 3) defines
learning as “a persisting change in performance potential that results from
experience and interaction with the world”. For many, learning is a process of
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experiencing and understanding the world around us, which might be influenced
by previous experiences, the environment we live in, our values and views (Biggs
2003; Bowden and Marton 2003; Ramsden 2003). Amongst the learning theories
developed, behaviourism, cognitivism, and constructivism are the most common
ones applied in contemporary educational contexts (Driscoll 2000; Pritchard
2005). They represent three different philosophical frameworks, which have
individually evolved and originated from other theories. In this work, however,
we are going to focus our discussions mostly on the three main learning theories:
behaviourism, cognitivism and constructivism.

2.1 Behaviourism
Behaviourism is the learning theory based on the observations of peoples’
responses to a particular stimulus. “Learning is defined simply as the acquisition
of new behaviour” (Pritchard 2005: 6) through conditioning. There are two types
of possible conditioning; classical conditioning and operant conditioning. The
former takes place when a person (or even an animal) is trained to respond and
behave in certain ways due to repetition and reinforcement (Driscoll 2000;
Pritchard 2005). The later “involves reinforcing a behaviour by rewarding it”
(Pritchard 2005: 9). In addition, it could be also applied in the opposite way, to
discourage certain behaviours through punishment of some kind; failure to
reward when expected can be a punishment (Driscoll 2000; Pritchard 2005).
Within this framework, behaviourists are particularly interested in measurable
changes in behaviour. Learning theories that have emerged from this model are
connectivism, objectivism, applied behaviour analysis, curriculum based
measurement and direct instruction.

2.2 Cognitivism
The cognitivism theory of learning was developed in an attempt to fill the gaps
and answer the questions that behaviourism was unable to answer; mostly
considering aspects of mental process and understanding the learning process
(Pritchard 2005). Thus, the cognitive information-processing model of learning
is based on how the brain processes, transforms and retains knowledge. For
cognitivists our memory system functions as an active organised processor of
information when learning occurs. Here, learning involves the cognitive
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processing of instructional inputs, and the frequency with which students
process inputs, thus influenceing the pace of learning. In addition, this model
assumes that learners differ in their preferred learning styles, and the
individuals’ prior knowledge is a determinant of the effectiveness with which the
student processes new information (Leidner and Jarvenpaa 1995; Driscoll 2000).
Furthermore, learning is the processing and transfer of new knowledge from
sensory memory through to short-term memory into long-term memory
(Driscoll 2000). While cognitivism is focused on individual learner’s knowledge
processing, behaviourism concentrates on the environment in which learning
occurs (Pritchard 2005). Theories derived from cognitivism theory are brain
research and cognitive load and information processing theory. These theories of
learning are very useful as they guide instructional design.

2.3 Constructivism
Different from the above, constructivism rejects that there is an objective reality
that can be transmitted by an expert to a learner, and suggests that knowledge is
created, or constructed, by each learner individually, based on their experiences
and biases. Learners then create their own abstract representation of reality
(Driscoll 2000). Constructivism assumes that individuals learn better when they
discover things themselves, rather than when they are told, and that “learners
are not empty vessels waiting to be filled, but rather active organisms seeking
meaning” (Driscoll 2000: 376). Additionally, in constructivism ‘learning focuses
on discovering conceptual relationships, exploring multiple representations or
perspectives on an issue, and/or immersing the learner in the real-world context
in which the learning is relevant’ (Leidner and Jarvenpaa 1995: 268). In other
words, peoples’ knowledge and reality evolve as they construct and re-construct
knowledge and make sense of the world they live in through their experiences
and the experiences of others (Driscoll 2000; Guba and Lincoln 2005)
Constructivism is most advantageous in “higher-order learning”, where there
may be greater understanding achieved when an individual is forced to discover
knowledge, rather than being told (Leidner and Jarvenpaa 1995:268).
Considered one of the most contemporary learning theories (Fry, Ketteridge et
al. 2003), constructivism theory and its variations have been extensively applied
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within the higher education context and can be found in the work and research
of many (Biggs 2003; Bowden and Marton 2003; Fry, Ketteridge et al. 2003;
Ramsden 2003). Variations of constructivism theory include self-directed or
active learning, transformational learning, experiential learning, situated
cognition, reflective learning, discovery learning, knowledge building and
collaborative model of learning, amongst others.

Other learning theories have also been developed for more specific purposes
than general learning theories. For example, adult learning theory or andragogy,
which investigates and assists the learning of adults, although sceptics have
questioned whether adult learning is really different to the learning of others
and claim that there is a lack of empirical evidence to support its claims (Fry,
Ketteridge et al. 2003). Multimedia learning theory is another novelty and it
focuses on the process and methods for the effective use of multimedia in
learning (Clark and Mayer 2008).

3 Approaches to Learning
After examining some of the most common learning theories available in the
literature, some would even say that the above theories were the foundation of
many others after them (Driscoll 2000; Pritchard 2005), we are going to outline
some of the approaches to facilitate learning. Once again, the body of knowledge
regarding approaches to learning within a higher education context is large and
increasing rapidly as our understanding of the learning process evolves.
However, the most adopted approaches are summarised and discussed here.
Approaches to learning may vary according to learner and/or teacher
preferences and characteristics, as well as a response to solve a particular or a
series of situations (Biggs 2003; Bowden and Marton 2003; Ramsden 2003).

3.1 Surface Learning
In an educational context, students and/or teachers tend to adopt surface
approaches to learning when there is a need to recall facts, words of a specific
text or formulas of certain problems (Biggs 2003; Bowden and Marton 2003;
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Ramsden 2003). Students “want to be able to answer the questions they are
anticipating” (Bowden and Marton 2003: 8). Additionally, for Biggs (2003:14)
surface learning might take place when “rote learning selected content instead of
understanding it, padding an essay, listing points instead of addressing an
argument” and so forth (Biggs 2003: 14). However, memorisation is wrongly
related to surface learning because it sometimes can lead to deep learning, some
believe (Biggs 2003; Ramsden 2003). It is interesting to notice that while most
experts strongly argue that surface learning is inadequate and fails to provide
students with opportunities for better and deeper understanding of the object
being learned, as well as make the learning discoveries enjoyable and exciting
(Biggs 2003; Bowden and Marton 2003; Ramsden 2003), it could be useful and
adopted in certain situations (Ramsden 2003).
Above, we described approaches to learning as being a preference of both
students and/or teachers. In some cases, it could be an imposition by the teacher
when exploring a determinate situation, while also consciously or even
unconsciously adopted by the student. Biggs (2003) outlines some factors that
might contribute to the adoption of a surface approach to learning. For him,
students tend to use surface learning when there is:
an intension only to achieve a minimal pass; non-academic priorities
exceeding academic ones; insufficient time; too high a workload;
misunderstanding requirements, such as thinking that factual recall is
adequate; a cynical view of education; high anxiety; and a genuine
inability to understand particular content at a deep level (Biggs 2003:
15).
As for teachers, they normally teach and assess student learning based on parts
of a fragmented content rather than to provide deeper understanding of the
subject being studied as a whole. In addition, “providing insufficient time to
engage the task; emphasising coverage at the expense of depth, and creating
undue anxiety or low expectations of success” are also ways that teacher can
encourage a surface learning approach (Biggs 2003: 15-16).
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Once again, student’s and teacher’s perspectives and experiences of the surface
approach to learning should not be dealt with separately, as one might
encourage the other (Biggs 2003).

3.2 Deep Learning
While surface learning is related to students trying to concentrate only on
remembering the text, facts, numbers, formulas and so on, deep learning is about
trying to understand the meaning and the message behind the content to be
learned as a whole. It is believed that when encouraged to experience deep
learning, students have more chances to recall previous experiences and link
them with future ones (Biggs 2003; Bowden and Marton 2003; Ramsden 2003).
Similar to the surface approach to learning, students and teachers play important
roles for a successful implementation of deep learning. Students normally
approach their learning task with a desire to do well through understanding the
meaning behind the subject being learned. In addition, in deep learning students
tend to already have some background of the knowledge being addressed, which
contributes to further and more solid knowledge building. Consequently,
students have “the ability to focus at a high conceptual level, working from first
principles, which in turn require a well-structured knowledge base” (Biggs 2003:
16-17). Moreover, students need also to have “a genuine preference, and ability
for working conceptually rather than with unrelated detail” (Biggs 2003: 16-17).
As for teachers, they should clarify misunderstandings of learning approaches
and assist students to achieve the desired learning outcomes through deep
learning. In doing so, teachers teach to build on students’ previous knowledge;
to explicitly bring out the structure of the topic or subject; to elicit an
active response from students; to assess for structure rather than
independent facts; to encourage a positive working atmosphere; and
emphasizing depth of learning rather than breadth of coverage (Biggs
2003: 17).
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3.3 Problem Based Learning (PBL)
With a focus on student-centred learning and active learning, problem-based
learning (PBL) is seen as one of the constructivists methods of instruction
(Driscoll 2000; Tan 2007) and therefore an approach to learning (Pepper 2008).
It was first adopted in the areas of health and medicine and its effectiveness and
relevance has contributed to its rapid proliferation across several discipline
areas within higher education such as business, economics, engineering,
agriculture, education and science (Pepper 2008). In addition, the use of PBL in
HE courses is favoured by some professional bodies because of its ability to align
and enhance university learning strategies, curriculum, assessment and so forth
with real life professional situations, thus, providing students with generic
employability skills (Driscoll 2000; Savin-Baden 2003; Jarvis 2006; Pepper
2008).

In order to enable effective learning, PBL lecturers are the facilitators of learning
rather than simply the transmitters of content. The transition from teaching to
facilitating can be very challenging for some academic staff and also students,
mostly due to previously established traditional teaching and learning values
and understandings of the role of teachers and students (Savin-Baden 2003).
Usually, PBL classes have smaller numbers of students (8 to 10 students) than
traditional classrooms. Students are encouraged to learn collaboratively, which
seems to offer them more opportunities and higher chances to reach a deep
understanding, instead of merely surface learning (Jarvis 2006; Pepper 2008).
Briefly, the common principles underlying PBL are:
- Problems and scenarios of professional real world situations are chosen
by the curriculum designers and presented to students by their instructor “in
the same way it would be presented in reality” (Jarvis 2006: 153) ;
- Students then research and search for resources and potential
alternatives to solve the problems, and
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- With the assistance of their instructor, students assess their learning
experiences and “the adequacy of the solutions”, as well as “their reasoning,
their strategies for resource gathering [and] their group skills“ (Driscoll
2000: 393 - 394).
However, there is ongoing debate over whether PBL alone is an appropriate
approach to learning. Research and student feedback on PBL reported that PBL
students appear to explore more intensively their library resources and interact
more often with librarians than traditional students, tend to acquire and
improve their researching skills and enjoy their learning experience (Jarvis
2006; Pepper 2008). On the other hand, because students are, most of the time,
in control of their learning, sceptics argue that if not applied properly, some
important aspects of a discipline might not be fully covered in PBL classes. In
addition, in a small classroom, students’ learning can be affected negatively if
they do not relate well with each other. On the contrary, a close relationship with
PBL tutors and instructors might impact on unit and course evaluations or even
on student assessment (Jarvis 2006).

4. Web mediated learning and DST integration
Web-mediated learning has become the norm within the higher education sector.
No University within Australia, by way of example, is without a Learning
Management System. Nor is there a line drawn between what makes a greater
learning experience than another when using technology to mediate the
experience. Online learning, e-learning, virtual learning, distance education,
ubiquitous learning and blended learning are a range of some of the terms that

are commonly interchanged as higher education institutions develop and
facilitate learning experiences for students who are living in an increasingly
wired-world. Students have moved across the divide while their lecturers
struggle with previous generations of Web applications (Barnes and Tynan
2007).
Few would dispute that the last decade has seen unprecedented innovation in
the area of Web-based learning and teaching in higher education but the

12

adoption remains well behind the affordances of the technology. Kirkup and
Kirkwood have observed that:
teaching staff appropriate those technologies which they can
incorporate into their teaching activity most easily, that offer
affordances for what they already do, rather than those which
radically change teaching and learning practices (2005: 188).

As Barnes and Tynan (2007) also observed that part of the reason for this
conservatism is the extent to which teaching modes in higher education are
shaped by convention. University teachers have “traditionally progressed from
the experience of learning in the classroom to teaching in the classroom”
(Jamieson 2004: 22). Few of the current generation of teaching staff have been
online learners. With some exceptions, teaching staff and the latest cohort of
undergraduates live in different technological worlds.

4.1 Graduate and employer expectations
Web-mediated learning and the integration of software into the workplace have
been all pervasive. Increasingly companies require their employees to use
sophisticated software to undertake their role and engage in professional
development that is delivered at the desktop. Computers, computing, the
Internet and the increasing role of ubiquitous learning and ubiquitous
computing have meant most workplaces are sophisticated in their development
and use of technologies. Industry has an impact on the curriculum and those
higher education institutions that fail to respond may well find themselves with
irrelevant courses that do not meet the needs of industry. The focus on WIL as
noted in these reports only serve to reinforce the requirement for authentic
learning experiences:
BIHECC report on employability skills (Cleary, Flynn et al. 2007);
Review of Australian Higher Education Discussion Paper (Bradley,
Noonan et al. 2008);
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Universities Australia National Internship Scheme (Universities Australia
2008);
CIRM Report (Scoullar and CIRM Working Group 2008);
Australian Learning and Teaching Council project, The National
Association of Graduate Careers Advisory Services (NAGCAS 2009); and
Australian Learning and Teaching Council project The WIL (Work
Integrated Learning) (Patrick, Peach et al. 2008).
DST’s provide an opportunity to provide and create authentic web-mediated
learning experiences that are relevant to the workplace and which allow
students to participate in problem solving. The failure of learning institutions to
include such learning experiences where appropriate may well be to their
detriment in course enrollments as students and employers will seek those
courses that prepare them for the work environment. However, web mediated
learning experiences require careful consideration on a number of levels. One
issue of particular concern, and the focus of this paper, is the pedagogical intent.
This is not to prioritise pedagogy over other issues such as technological
infrastructure, support issues, equity, business models and access nor lack of
staff expertise.

5 Decision Support Tools (Systems)(DST - DSS)
5.1 Defining DST’s
DST stands for a Decision Support Tool, sometimes referred to as Decision
Support Systems (DSS). DST’s are a class of information system (including but
not limited to computerised systems) that support business and organisational
decision-making. DST’s are often based on interactive software intended to help
decision makers compile useful information from a combination of raw data,
documents, personal knowledge and simulation models that help identify and
solve problems and make decisions. DST’s are often used in the agricultural
industry to provide guidance on such things as animal nutrition and production,
pasture and crop management, as well as product marketing. They are also
increasingly used in environmental management, medicine, health and business.
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DST also refers to an academic field of research that involves designing and
studying DST’s in their context of use (Turban, Aronson et al. 2005). Six more
specific DST types include:
-

Communication-driven DST,

-

Data-driven DST,

-

Document-driven DST,

-

Knowledge driven DST,

-

Model-driven DST, and more recently

-

Web-based DST (Marakas 2003; Turban, Aronson et al. 2005).

In addition to the above types of Decision Support Tools there are also two
separate categories used to define the systems. One of the categories is
enterprise-wide DST’s, which are systems that are linked into large data
warehouses, and offer decision support to managers at all levels of an enterprise.
Enterprise-wide systems will typically be basic general use systems that can
perform a wide variety of functions. Desktop DST’s form the second category.
They are typically much smaller applications designed to be run from a desktop
PC. While these systems may well be linked into a data warehouse or other large
volume of data, they will usually be more limited in scope (Marakas 2003).
As already mentioned, DST’s are used to assist decision-makers in comparing,
predicting, projecting and analysing situations before making decisions. They
can be used in medicine, for instance, to assist medical diagnosis through clinical
decision making (Riggio, Sorokin et al. 2009). In business, DST’s can predict the
sales numbers of a particular period of the year based on statistical
measurements of previous annual sales of the same period (Tal 2007). In
addition, in environmental management, more specifically forest management,
DST’s can assist forest managers to address more precisely issues related to
transportation, harvest scheduling to sustainability and ecosystem protection
(Kaloudis, Lorentzos et al. 2005).
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With such a wide range of applications in industry, DST’s have been increasingly
adopted in the development and training of university students in an attempt to
better prepare them for real-world professional tasks. The adoption of DST’s in
higher education is further discussed next.

5.2 DST’s in higher education?
It has been said by many that the adoption of technologies in our daily lives,
work and learning has increased as technologies evolve and become cheaper and
more accessible (Laurillard 2002; Laurillard 2006). Mostly in education, in this
case in higher education specifically, the adoption of technologies, here called
learning technologies, has changed the way teaching and learning is approached
today. Additionally, higher education itself has shifted from the place where
content is taught to a learning place where students and teachers learn together,
build competences and capacities in order to successfully engage our everchanging knowledge society (Bowden and Marton 2003; Ramsden 2003). Today,
one of the biggest challenges of higher education is to develop individuals who
are able to think critically, competently and at a higher-level (Laurillard 2002;
Bowden and Marton 2003).
The above scenario seems to be most appropriate for the implementation of
DST’s. In fact, research already shows that the introduction of DST’s in a wide
range of subject areas at university level has the potential to engage students in
constructivist and active learning, encourage problem solving and also facilitate
the building of knowledge based on prior learning (Scott 2002). As discussed
previously, many also argue that DST’s can intermediate and pace the application
of a PBL approach to learning across different subject areas and curriculum due
to the similarities and links DSTs and PBL share (see item 3.3) (Scott 2002; Tal
2007).
Amongst other subject areas, DST’s are increasingly applied in agriculture,
business and health (Nguyen, Wegener et al. 2006; Tal 2007). In agriculture,
DST’s have the ability to provide students and teachers with “an almost infinite
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range of management choices to explore”, which appear to be based on
published scientific knowledge (Scott 2002: 21). GrassGro and GrazFeed were
two of the pioneering DST’s applied in agriculture degrees. However, they were
primarily developed for use in the agricultural industry (Scott 2002). As for
business courses, students can experience risk-free decision-making, learn how
to identify negative trends and allocated business resources with the assistance
of DST’s. In addition, they can provide students with the skills to develop their
own DST’s suited specifically to a future employer’s activities (Tal 2007).
Tatnall & Burgess (2007) also detail use of DST’s in the course Small Business
Internet and Information Systems. Their work is intended as a "light treatment" of
concepts behind decision support systems with the intention of introducing
business students to their use. They also outline some of the hurdles that
universities may encounter regarding the cost effective implementation
of DST’s and the overall utility of DST’s when used by people with little or no
computer experience. Over a number of years Tatnall and Burgess (2007: 1)
found that “the proprietary nature and the cost of commercial DSS make their
use in teaching less than ideal. Our solution was to produce our own simple
systems using Excel, Visual Basic and Visual Basic for Applications, and this has
proved to be quite successful”.
In health, DST’s are known as Clinical Decision Support Systems (CDSSs) and
form a significant part of the field of clinical knowledge management
technologies. In the training and development of medical students, CDSSs have
the potential to simulate real life problems where students are required to find
appropriate solutions by exploring the wide range of clinical processes and
knowledge available in the systems; from diagnosis and investigation through to
treatment and long-term care (Riggio, Sorokin et al. 2009). Currently, there is a
whole range of DST related tools and packages available for a variety of areas.
Some of these tools are commercially available not only for industry, but can be
also applied to education, while others are specially designed for learning with
important features that simulate real-world and industrial situations (Marakas
2003; Turban, Aronson et al. 2005).
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Another key example funded by JISC under the ELearning Stream is SIMulated
Professional Learning Environment [SIMPLE] (Hughes, Gould et al. 2008).
SIMPLE began at the Glasgow Graduate School of Law in 2000. Under the JISC
banner Ardcalloch: The Transactional Learning Environment (TLE) was
expanded and evaluated thoroughly for its simulation application and platform.
SIMPLE was implemented across a number of disciplines within the University of
Strathclyde and three law schools throughout the UK. The SIMPLE project in
general terms aimed:
to prove that simulations can effectively enhance learning across a
range of disciplines, professions and institutions. It also set out to
investigate the drivers and blockers to large-scale implementation of
innovative technologies such as simulation within HE and FE (Hughes,
Gould et al. 2008: 7).

The project concluded that:
... simulation is a powerful heuristic, capable of enhancing student
learning and supporting transformative shifts in education. To
implement it, staff need to be committed to changing some of their
fundamental practices. They need design support, in order to create
effective simulations, and this includes integration of outcomes and
methodologies of teaching and learning. They also need practice in
designing innovative forms of learning, in building resources for
simulation and in rethinking feedback and assessment practices.
Management at departmental, faculty and probably institutional level
need to give thought to different employment practices within cadres
of staff in order to support such forms of learning, resource-building
and assessment. In addition simulation practice can facilitate forms of
collaborative activity between institutions and disciplines, and
internationally (Hughes, Gould et al. 2008: 8).
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The application of DST’s in university teaching and learning seems to be very
advantageous not only for students, but also for teachers and employers. For
teachers, DSTs enable the link between theory and practice. Thus, classes could
be more engaging if students can make sense of what they are learning and apply
the concepts in real life situations. Also, DST’s appear also to increase motivation
and students’ interest in learning (Scott 2002). Furthermore, they assist teachers
to effectively and innovatively teach their units as students can see the relevance
of individual units, which are normally taught in isolation, in relation to the big
picture (the whole course). This is because some DST’s enable the development
of “inter-related modules”, which can incorporate elements of several units, even
from other years (Scott 2002: 21). The advantages of the use of DST’s for
students seem to be even greater. Firstly, students have the opportunity to
engage in highly relevant risk-free real-life simulations of situations in the
workplace. This can provide future graduates with experiences and skills to
continue engaging in problem-solving and active-learning after they leave
university. This will certainly put them in a much better position in relation to
others who do not have previous experience with DST’s, particularly when
searching for jobs (Tal 2007). Secondly, DST’s have the potential to explore most
of the learning theories and approaches to learning covered in this paper. This
shows that DST’s are versatile tools and can assist teachers to reach a wide
variety of learners across the university. Therefore, one can say that, if adopted
appropriately, DST’s can also contribute to enhance student learning and
performance (Scott 2002; Tal 2007).
Unfortunately, one cannot assume that DST’s alone are the solution to all of the
issues faced by many universities, teachers and students currently. At an
institutional level, DSTs can be very costly. Expenses might include costs with
acquisition of software licenses and required hardware, training technicians and
academics, and not to mention the costs of maintaining the whole infrastructure
and ensuring that it functions effectively (Tal 2007). As for academics, a
successful adoption of DSTs will require some academics to have a better and
deeper understanding of learning theories and approaches, including PBL. In
addition, academics will also need to know how to efficiently integrate DSTs into
19

the curriculum design. Consequently, the introduction of DSTs into university
teaching can be time consuming and increase their workload, considering that
most academics have already a very busy professional schedule (Tynan and
Smyth 2007; Santiago and Carvalho 2008). Furthermore, the impact of DSTs on
students’ learning and later on their professional performance still appear
unclear and under researched. Sadly, one cannot claim yet that DSTs are being
fully and successfully implemented in higher education (Turban, Aronson et al.
2005; Riggio, Sorokin et al. 2009).

5.3 eDST project: audit of applications in use in Australian Higher Education
The Australian Learning and Teaching Council (ALTC) funded research project
under the title of ‘eDST: Decision Support Tools for Multi-Disciplinary
Applications in Higher Education’, was designed to look at issues related to the
sharing of DST among Australian tertiary education institutions for use in
teaching. The project grew out of the recognition among some
Agriculture/Environment academic teachers that the use of these types of
software within a single institution was economically unsustainable. The project
has implemented a survey of DST users in academia to explore some of the
issues raised in this and the accompanying technological position papers
prepared for the project. More will be reported about this survey as the project
unfolds.

6 Conclusion
Decision Support Tool’s based on interactive software help decision makers
compile useful information from a combination of raw data, documents, personal
knowledge and simulation models that help identify and solve problems and
make decisions. As stated in the introduction to this review they can provide
invaluable real-world experiences for graduates of a range of disciplines and
desirable graduate attributes for their future employers. DSTs are a critical
component of Work Integrated Learning (WIL) by providing an authentic
learning experience that is consistent with a range of recent reports and
investigations that have been conducted within the Australian sector over the
past few years. They have the potential to create work ready graduates when
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combined within a WIL approach that draws upon the requirements of a range of
industries. While there are concerns and issues to investigate DSTs provide a
level of relevance within courses that students and employers will find attractive
within a world which is increasingly reliant on technology to assist in its decision
making processes. Deep learning will occur with the use of DSTs through
problem oriented curriculum design that engages the student in constructing
ideas facilitated by their teacher. There is no doubt that involving industry will
pave the way for more sophisticated developments in DSTs themselves but also
in how they are used and develop within the curriculum of graduates.
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