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Abstract: Providing laboratory classes to engineering cohorts can be an expensive process, particularly when industrial hardware is required.  A shift to virtual laboratory classes is an attractive alternative that can reduce the cost of laboratory classes, but it is important to consider the impact such a change has upon the students.  This paper describes the use of a hybrid real and virtual laboratory class in Mechatronic Engineering at Curtin University of Technology.  The class involves offering both real hardware and a computer-based simulation to the students.  Surveys of the students’ experiences show that they are supportive of the new laboratory facility, and that they predominantly regard their hybrid virtual-and-physical laboratory experience as being real, and that they find the hybrid mode to be helpful in their learning.  This shows that some of the drawbacks of virtual laboratories that have been previously reported in the literature have been overcome by this hybrid-mode approach.
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Introduction

Laboratory classes are an important part of undergraduate engineering education.  They serve a number of valuable roles, such as validating analytical concepts, and providing exposure to professional practice (Antsaklis et al., 1999).  One of the drawbacks of laboratory classes is their cost, both in terms of investment in equipment, and in the labour costs of supervising classes.

Moving to virtual laboratory classes – where students use computer-based simulations of hardware, rather than the hardware itself – can potentially reduce these costs.  Eliminating the real hardware removes the need for its purchase, offering a substantial saving.  There is also the possibility of allowing students to perform the laboratory in their own time, rather than under scheduled supervision, which offers further savings.  The drawback of this approach is that virtual laboratories lead to different learning outcomes than their proximal “equivalents” (Lindsay & Good, 2005, 2006).

One of the biggest challenges faced by educational simulations is that they are effectively in competition with computer games (Schofield et al., 2004) – undergraduate students are no longer impressed by 3D rendering of physical objects, and are familiar with interacting with computer representations of physical objects.  These interactions, however, are not usually in a learning context, and this can transfer to a shallow approach to the educational simulations  Students who learn through simulations can lose sight of the real purpose of the simulation, and instead consider the simulation “simply a means to the end of satisfying an assessment criterion” (Edward, 2004).

This abstraction away from the underlying physical phenomena being simulated is a serious potential drawback of virtual laboratories, and has been identified for some time – even in their early study of computer simulation experiments, Magin & Reizes (1990) report that “students were not developing a critical awareness of the limitations of simulations as representations of actual behaviour”.  The shift to simulated laboratory hardware offers significant potential advantages; it is essential that the hardware remain the focus even in the virtual form.

One alternative is to adopt a hybrid-mode approach, with the familiarisation parts of the laboratory work completed via simulation, followed by exposure to the real hardware (Benetazzo et al., 2000).  Curtin University of Technology has attempted to gain the flexibility of simulated delivery without incurring the learning changes by providing a hybrid-mode laboratory class in programmable logic controllers (PLCs) and pneumatics as part of the Mechatronic Engineering program.  In this unit students are provided with both real hardware and a computer simulation of the hardware.  In this way the cost of the real hardware is reduced, rather than eliminated, but the flexibility of access is still retained.

The students’ impressions of this hybrid approach were measured using feedback surveys, with their perceptions midway through semester compared to those at the end.  The first cohort to experience the hybrid mode indicated that they had felt that their laboratory experiences had been largely real, rather than simulated – a result that has been previously reported (Lindsay, 2006).  This paper reports on the perceptions of the second cohort in this regard, illustrating their perceptions of the reality of the hybrid mode experience, as well as the factors that lead to their engagement with the laboratory.

The Hybrid Laboratory Class
The hybrid laboratory class is held in the Engineering Faculty’s PLC laboratory.  The laboratory itself is similar to a standard computer laboratory, with PC workstations along two walls (see Figure 1).  In addition there is a pneumatic power supply from the roof and walls, and the presence of a water supply and sink at the end of the room.
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Figure 1: End View of Laboratory

Each of the PLCs has been housed in a metal briefcase, with custom input-output fixtures.  This allows for data to be communicated to the PLC either as single bits or through ribbon cables for entire bytes (see Figure 2)
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Figure 2: Briefcase-mounted PLC

The PLCs are Ethernet-enabled, allowing for each PLC to be accessed from each of the workstations within the laboratory.  This allows the flexibility to designate a PLC to a particular workstation, for the use of a specific group of students, or to designate it to a particular piece of hardware, to be shared by all students.

The hardware to be controlled are trolley-mounted pneumatic test rigs (shown in Figure 3).  Each station shows a different aspect of industrial sensing and pneumatic automation.
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Figure 3: (l-r) Distributing Trolley, Testing Trolley, Sorting Trolley
The pneumatic hardware used by the Mechatronic engineering students is manufactured by FESTO, who also provide a simulation environment (named CosimirTM) in which their equipment can be modelled.  Cosimir allows for much of the operation of the hardware to be replicated without the need for the physical hardware to be present (Figure 4).
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Figure 4: Distributing Trolley in Cosimir

The implementation of a site license for the simulation package reduced the amount of physical hardware that was necessary for the laboratory class – rather than purchasing one trolley per workstation, instead a total of six trolleys were purchased to be shared amongst the class.  In addition to the six physical trolleys, each workstation has the potential to act as a virtual trolley (Figure 5).
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Figure 5: Virtual Trolley
Students familiarise themselves with the hardware by controlling the virtual trolleys, although the real hardware is present in the laboratory to allow them hands on, three dimensional access.  The first task exploits one of the advantages of virtual hardware – they are required to make a list of ways to break the hardware, something that they are free to experiment towards without the fear of damaging the real equipment.

Students are provided with swipe-card access to the laboratory to enable them to work with the virtual trolleys outside of scheduled laboratory classes.  The real hardware is available during the scheduled two-hour laboratory class each week.  Once students have demonstrated a working solution on the virtual trolley, they then download their code to the PLC on the real trolley, and are able to verify their solution on the real equipment.  Students work on each of the three trolleys in turn, and are then required to link up the three trolleys in sequence.

Student Responses
Previous studies into the use of virtual laboratory hardware show that there are changes to the students’ learning outcomes (Lindsay & Good, 2005) and their perceptions of these outcomes (Lindsay & Good, 2004), when compared to traditional hands-on laboratory classes.  A key aspect of these changes is in the students’ changed perceptions of their learning environment – changes in way in which they engage with the laboratory experience.  Simulated laboratories expose the risk of the students becoming detached from the real hardware that is being simulated, and instead focusing upon the decontextualised interface.

Students were surveyed during weeks six and twelve to capture their experiences of the laboratory class, with 20 and 18 responses respectively.  This survey showed that the majority of the students felt that their laboratory experience had been real (Figure 6 & Figure 7), – despite the fact that the primary environment for developing solutions was the simulation, and that their first opportunity to control the real hardware was in week five.  The greater opportunities for hands-on access later in the semester lead to a larger proportion of the class reporting that their experiences had felt real, rather than simulated, in week 12 of semester.  These results are consistent with those of the previous cohort (Lindsay, 2006).
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Figure 6: Did You Feel You Were Controlling Real Hardware?
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Figure 7: Which do you picture in your mind?
Students were also asked to reflect upon the hybrid approach to the laboratory environment, and whether they found it helpful.  The majority of the students (73%) indicated that they had found it helpful (Figure 8).
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Figure 8: Did you find the hybrid mode helpful?
Significant to note is that 50% of the students who responded referred to differences between the simulation and the real hardware, often expressing frustration that solutions developed for the simulation wouldn’t necessarily work for the real hardware.  Whilst the realisation that simulations don’t necessarily fully reflect reality may be frustrating for the students, it is clear evidence that these students are thinking of the real hardware rather than just the abstraction offered by the simulation – they are not just playing a computer game.

Students unanimously reported that they found having swipe-card access to the laboratory a positive thing, although many of the responses emphasised the convenience of having a less crowded computer laboratory available to them, rather than specific value for this laboratory class.
Both survey weeks had 100% positive agreement to the question “Do you find the laboratory classes intellectually stimulating?”  The reasons for these responses varied, as shown in Figure 9:
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Figure 9: Reasons for Intellectual Stimulation

Figure 9 shows that at the early stages, it was the unstructured, independent nature of the class that engaged the students, whereas at the completion of the semester this had been to a large extent replaced by the sense of achievement of successfully completing the work, and also by the differences between the simulation and the real hardware.

These responses show that the despite the students interacting with the simulated hardware, they still regard the experience as being real overall, and that they are aware of the differences between the simulation and the physical hardware that it represents.  Indeed, these differences actually serve as the key factor for engagement for some of the students.

Conclusion

Curtin University of Technology has successfully established a hybrid simulation-real mode laboratory class for Mechatronic engineering.  Student responses show that despite a large dependence upon the simulation environment, the laboratory class is still overwhelmingly perceived by the students as being “real”.  Rather than leading to the artificial abstraction sometimes associated with virtual laboratory classes, this hybrid-mode implementation maintains the perception of reality, and is in fact perceived to be enhancing the learning experience for the students.  These responses have now been shown to be consistent across two consecutive cohorts.
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