Online practicals for undergraduate electronic circuits: a virtual laboratory approach to attain learning outcomes and expected performance levels
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Summary: This work presents the implementation of online practicals for a first year multidisciplinary electronic circuits module (EBN) at a South African university in response to the global COVID-19 pandemic. Two of the three laboratory-based practicals for the module needed to be reformulated for completion by students online, without access to electronic components or laboratory equipment. A virtual laboratory approach using the open TinkerCAD Circuits platform from Autodesk [1] was utilized to enable the same technical content to be covered and the module learning outcomes to be achieved while conforming to the stringent time and budget constraints. 
[bookmark: _GoBack]Background and purpose: EBN is critical for undergraduate engineering degrees and runs in semester 1 and 2 of the academic year.  The class size per semester is substantial (700+ students) as all first year engineering disciplines participate in the module, including but not limited to electronic, mechanical and civil engineering. EBN is a foundational module which serves as a prerequisite for many undergraduate modules in the School of Engineering, and thus attaining the learning outcomes is crucial for the ongoing success of the engineering degree programmes. The learning outcomes are informed by the Engineering Council of South Africa (ECSA) through several formulated graduate attributes (GAs) [2,3].  Critical learning outcomes for the EBN module are focussed on an introduction to GA1: problem solving and GA2: application of scientific and engineering knowledge, where the practical component of the module plays a significant role in these outcomes. 
The ECSA guiding principles on teaching-learning implementation during the COVID-19 pandemic emphasise that the completion and assessment of GAs must not be compromised, using online implementations where possible to ensure this [4]. In alignment with these principles a fully online approach for completion of the EBN practicals was developed and deployed to adhere to the ECSA requirements.
In the early stages of the COVID-19 developments and consequent online implementation of modules university-wide, initial work towards reformulation of the practicals for EBN was already underway. The initial goal of reformulating the practicals was two-fold: 1) to improve the overall module performance by strengthening the link between theory and practise, and by so doing to improve the alignment of the practicals with the module outcomes defined by the relevant ECSA GAs, and 2) to expose students to real-world electronic circuit applications without the need for laboratory equipment or access to campus facilities.



The latter goal is a critical consideration in times of crises, and is especially true for South Africa, where political unrest has created challenging situations for higher education institutions in recent years [5,6].  This highlights the need to produce a sustainable solution  beyond the current COVID-19 crisis using adaptive practical content that can be implemented either in a laboratory or remotely without laboratory instruments.
Initial practical reformulation explored the use of components such as user-controlled sensor inputs, visual indicators and batteries for powering the circuitry, enabling tangible results and feedback to be provided directly to the students off-campus, the importance of which has been highlighted [7]. These initial developments assisted with the quick response to implementing fully online practicals, and reciprocally, the online practical implementations using TinkerCAD Circuits will be utilized in future to strengthen the new practical developments.
Approach: The current practical content of EBN is made up of three practicals: 1) simulation of electronic circuits using OrCAD [8], 2) an introduction to laboratory equipment and measurements through building and testing of resistive circuits on protoboard, and 3) theory, building and testing of operational amplifier circuits in the laboratory. 
Various online laboratory options were explored [9-11] for successful implementation of practicals 2 and 3 online, many of which were not feasible given the budget and time constraints. A virtual laboratory solution that aligned with the technical content of the practicals and addressed the module learning outcomes was formulated using the open TinkerCAD Circuits platform. TinkerCAD Circuits enabled one-to-one mapping for each of the practical exercises for both practicals 2 and 3, exposing students to circuit building and testing using protoboards and electronic laboratory equipment in a virtual environment. Pre-practical content was developed in the form of lectures, videos and guideline documentation to adequately prepare students for the practicals using TinkerCAD Circuits, in addition to the extensive TinkerCAD Circuits resources available online [12,13].
The virtual laboratory practicals entailed construction and testing of circuits on protoboards connected to relevant instrumentation, including power supplies, multimeters, function generators and oscilloscopes. Series and parallel resistive networks as well as inverting and non-inverting operational amplifier configurations were investigated, using both direct current (DC) and alternating current (AC) signals. The online practicals enabled students to measure parameters such as resistance, voltage, amplitude and frequency within virtual protoboard circuits similar to a real-world laboratory set-up. Randomization of component values was implemented for the online practicals to ensure that students completed practicals individually with unique sets of values, while emulating component and instrument tolerances as in real-world laboratory testing conditions.
Results and Discussion: Comparisons between hands-on practicals carried out in 2019 and the online practicals developed in 2020 are presented in terms of technical content and alignment with the module outcomes, as well as the practical marks obtained for all three practicals. Qualitative student feedback regarding the online practicals is also assessed to highlight the challenges and experiences of the students, with network and data aspects a primary concern. This formed part of the general online module feedback which covered online lectures and assessments in addition to the practicals. 
The results of implementing practicals online using a virtual laboratory approach serves as a case study [14] for achieving module outcomes and expected performance levels for the module, and will inform the implementation approach for future online practicals using virtual laboratories. The online practicals are based on Experiential [15-17] and Constructivist learning theories [18-21], which are unpacked further in this work. The preliminary results indicate that it is possible to achieve the module outcomes and expected performance levels using fully online practicals, but this will need to be explored further in future years to assess the full impact across engineering disciplines.
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