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Abstract—Students usually do errors while performing
experiments. In traditional, hands-on labs, instructors are able
to help students surpass those errors. In non-traditional labs,
like virtual labs or simulations, the support is usually provided
by built-in mechanisms that prevent erroneous actions or that
provide some sort of online assistance. In remote labs, like the
Virtual Instruments Systems in Reality (VISIR) remote lab, the
same principle applies. This paper describes the very initial
stage of a framework for interpreting experimental errors done
in VISIR. It considers the course syllabus of electrical circuits
and situates the work done till the moment, in relation to that
syllabus. Future work is also addressed.

Keywords—remote experiments, remote lab, VISIR, electric
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I. INTRODUCTION

A traditional approach to teaching electric circuits is to
start with theoretical concepts and then have students doing
experiments, either in the form of simulations or with real
components, to consolidate the acquired knowledge. In the
first case (simulations), students usually face the same
graphical representations, in the form of circuit diagrams, that
are used in theoretical or exercise solving classes. In the
second case, i.e. experiments with real components, which can
either be performed locally (in a so-called traditional
laboratory) or remotely (in a so-called remote — or non-
traditional — laboratory), students need to understand how to
build a real physical circuit, described by a given circuit
diagram [1-3]. Furthermore, they also need to conduct the
experimental procedure, in particular setting up the test &
measurement equipment and performing measurements [4].
While doing so, sometimes students show procedural errors or
conceptual misconceptions, which may lead to hazard
situations in a traditional lab [2, 3]. Doing this sort of actions
in a real, remote lab provides a first opportunity for error
detection, in a controlled environment, which may be quite
useful to students, in particular if automated feedback is
provided to them [5]. This paper addresses this particular
scenario, by discussing a framework for interpreting
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experimental errors done in a remote lab named Virtual
Instruments Systems in Reality (VISIR).

The remainder of this paper is organized as follows:
section II situates the addressed scenario in an introductory
course of electrical circuits at the undergraduate level; section
[T describes the VISIR remote lab and the sort of experiments
students and teachers may do with real electrical components
and test & measurement equipment; section IV provides an
initial specification of the proposed framework for
interpreting experimental errors in VISIR, and; section V
concludes the paper.

II. THE EDUCATIONAL SCENARIO

A. Electrical circuits theory

All electrical engineering degrees include, at least, one
introductory course about electrical circuits. Moreover, many
related engineering degrees, like electronics, computers,
mechatronics, or even mechanical engineering, also include
some level of knowledge about electrical circuits. The variety
of course names is quite large, so one may preferably look into
the course syllabus and look for the following contents:

e  Voltage, electrical current, and resistance
e  FElectrical components
Ohm’s law
Electrical power and energy
Joule’s law
Voltage and current sources
Serial, parallel and serial-parallel circuits
e  Y-A transform
[ ]

Kirchhoff’s laws and circuit analysis methods

Usually, these contents are first delivered considering a
steady electrical current delivery state, named as Direct
Current (DC). Furthermore, the usual sequence is 1:1; 1:n; n:1,
and n:n, where the first term corresponds to the number of



power sources (usually starting with a voltage source and then
with a current source) and the second term corresponds to the
number of power-consuming elements (resistances). To state
it clearly, the simplest circuit students start with is a single
voltage source connected in series (or parallel) with a single
resistor.

Notice the particularity of saying series or parallel. This is
a most important concept that usually confuses students. In
fact, when considering the initial and simplest 1:1 scenario,
the two concepts apply. Two (or more) elements are said to be
connected in series when the electrical current travelling both
elements is the same. Two (or more) elements are said to
connected in parallel when the voltage applied to both end
terminals is the same. This means that the only situation where
the two concepts overlap is precisely the simplest 1:1 circuit,
and so sometimes students get confused at this very early
stage.

After introducing all the formulas and laws in a DC mode,
two additional elements are brought in, namely capacitors and
coils. In permanent DC mode, these two elements behave as
an open (infinite resistance) or short (zero resistance) circuit,
if one considers its ideal characteristics. Changing the current
mode to Alternate Current (AC) will cause these two elements
to exhibit an impedance. Understanding that all the previously
introduced laws also apply to circuits with capacitors and coils
is precisely the following learning objective(s).

At an introductory level, the syllabus usually stops here,
i.e. the AC mode is considered to be a pure sine wave
(although some courses may also consider a DC level super-
imposed to the sine wave). More advanced courses will
continue with an analysis of the transient-mode, which imply
differential equations. In addition, some courses will also
include semiconductor elements, starting with a simple diode,
then transistors, and finally operational amplifiers.

The major question, to the purpose of this contribution, is
that all these concepts can be taught without performing one
single hands-on experiment, using for instance simulations (or
a virtual lab). In such case, there will be no room for
introducing measurement equipment such as voltmeters,
ammeters, or ohmmeters, and how these devices impact the
circuit behavior.

B. Experiments with electrical circuits

Including hands-on experiments with electrical circuits,
using real components, in a course, implies the introduction of
new learning goals. In particular, and at the simplest level,
describing the test & measurement equipment, how they are
used, what is their impact on the circuit behavior, and
understanding different representational forms, i.e. circuit
diagrams vs. physical circuits [1], among others. Notice also,
that hands-on experiments can be done in traditional
laboratories, where students are able to directly manipulate the
components and test & measurement equipment, or remotely,
through remote labs [2-3, 5]. In the former case, the
educational scenario may be enriched with an analysis of the
differences between simulated results and real-world
measurements [6-9].

Fig. 1. A simple circuit with one voltage source connected in series /
parallel with one resistor (left side); measuring the electrical current flowing
through the resistor (middle); and measuring the voltage applied to the
resistor (right side).

As a complementary note, one should refer the situation
resulting from the Bologna process, which led to a decrease in
the number of contact hours and, inevitably, to a
reorganization of engineering curriculums. In many
Engineering Education institutions, this led to a merging
process of some courses, resulting, in particular and for
instance, in the disappearance of test & measurement related
courses, which were merged with courses covering electrical
circuits. This merging resulted in a reduction of time needed
to explore and consolidate important aspects related to the
experimental procedure, e.g. the impact of test &
measurement equipment in a circuit behavior.

Coming back to the sequence for introducing electrical
circuits, i.e. 1:1, 1:n, n:1 and n:n, the addition of a voltmeter
or an ammeter for measuring the voltage or the electrical
current, respectively, will change the circuit topology. In ideal
terms, these two measuring devices can be considered to have
a null effect in the circuit, i.e. a voltmeter has an infinite
resistance, hence the current flowing through it is zero and
hence the dissipated power is also zero, according to (1). In
the case of an ammeter, its internal resistance is zero and so
the voltage drop at its terminals is zero, and, again according
to (1) the power dissipated by the ammeter will be zero. But,
in reality, these two measuring devices have a non-infinite /
non-zero resistance and hence should be considered as power-
dissipating elements.

P=U1I (1)

Fig. 1 illustrates the problem, by depicting the situation
where no measuring instrument is used (left); an ammeter is
used to measure the current flowing through the resistor
(middle); and a voltmeter is used to measure the voltage
applied to the resistor (right).

While the circuit depicted on the left shows a simple
voltage source connected in series / parallel with the resistor,
the experimental procedure to measure the current flowing
through the resistor requires the introduction of one ammeter
connected in series with the resistor (which cannot be said to
be in parallel with the voltage source, in this situation) and
the experimental procedure to measure the voltage applied to
the resistor requires the introduction of one voltmeter
connected in parallel with the resistor (which cannot be said
to be in series with the voltage source, in this situation). With
this basic experimental procedure, one shows how a simple
1:1 circuit is transformed into an 1:n circuit by simply asking
a student to measure the electrical current or voltage.



III. THE VISIR REMOTE LAB

The VISIR remote lab was first developed by Ingvar
Gustavsson, at the Blekinge Institute of Technology (BTH),
Sweden [10]. Presently it is the most disseminated remote lab
in the world with instances installed in Spain, Portugal,
Austria, Brazil, Argentina, India, Georgia, Morocco, Costa
Rica, and in Germany, more recently. Furthermore, it is the
most studied remote lab in terms of didactical approaches to
its insertion in engineering and also secondary school level
courses [11].

For the purpose of this submission, the main aspect to
highlight about VISIR is that it includes all the basic test &
measurement equipment found in a traditional workbench for
doing experiments with electrical circuits, i.e.: a triple DC
power source, a signal generator (AC), a multimeter, and an
oscilloscope, plus a remotely controlled switching matrix that
allows configuring the circuit under experimentation. The
VISIR user interface includes a virtual breadboard that mimics
a typical solderless breadboard also found in a traditional
workbench. To understand how much it resembles a physical
circuit mounted in a real breadboard, in a traditional lab, Fig.
2 illustrates the same circuit depicted by the diagram presented
in Fig. 1 (right), now built in the VISIR virtual breadboard.
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Fig. 2. Mesauring the voltage applied to an 1k resistor, in VISIR.
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Fig. 3. VISIR interface customized in HTMLS.

A major difference, when comparing with a traditional lab,
is that users would normally also see the interfaces (or front
panels) of both the DC power supply and the multimeter. In
the case of VISIR, a user needs to select these interfaces by
clicking in the buttons appearing at the window bottom. In
cases where this might be a problem, for instance with
students at secondary schools, a different interface maybe
presented, which already provides direct access to the several
test & measurement equipment used. Fig 3., reproduced from
[12], illustrates this sort of situation.

IV. A FRAMEWORK FOR INTERPRETING EXPERIMENTAL
ERRORS IN VISIR

The VISIR remote lab includes a Virtual Instructor that
verifies each circuit before implementing it in the relay-
switching matrix. The rules observed by the Virtual Instructor
are defined in files named Max Lists, where lab instructors (or
teachers) may define the possible connections among the
components made available to the users (top of Fig. 2). This
means not all possible combinations are allowed, even if not
corresponding to an erroneous circuit. The main issue here is
that from the teacher’s viewpoint (or from the person that
defined and made available an experiment) a given circuit may
not be correct in terms of the proposed learning objectives,
even though it uses the same available components.
Furthermore, in some situations it is not feasible to measure
the current in all possible circuit locations, because of
technical limitations. This means there is a first class of errors
not related to students’ misunderstandings but rather to
limitations related to VISIR!.

In a first attempt to define students’ errors, we will assume
two types of errors: manual and conceptual. The two
following subsections discuss these two error types, including
some figures to illustrate possible examples.

A. Manual errors

Manual errors can be defined as those where a user,
unintendingly, does not wire the circuit correctly and either
creates an open or a short- circuit. Another common error that
can be included in this error type is not configuring the
instruments correctly. This sometimes happens because the
user clicks on the “Perform Measurement” button before
setting up the DC power supply, leaving it with 0.0 V (i.e. off
state). Another example is leaving the multimeter selector
knob in one mode, while the intended mode is a different one.
This means there is no conceptual error but rather a lack of
attention in verifying the whole experimental circuit setup
before clicking in the “Perform Measurement” button. Fig. 4
gives one example, i.e. the leftmost resistor is not connected
to the other resistors (resistor terminal placed on column 8§,
instead of column 9), and fig. 5 provides two more examples
(left side — red wire not connected to the resistor terminal, right
side — black wire shorted with red wire, instead of connecting
to column 17).

! To enable measuring the electrical current flowing through any two nodes,
in a given circuit, the lab instructor must place a shortcut (i.e. a wire) between
those two nodes in the relay-switching matrix. In circuits with a relatively

small number of resistors, accounting for all possible ammeter-insertion
locations will simply consume all matrix resources, which are limited [13].
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Fig. 4. An example of a manual error in VISIR.
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Fig. 5. Two additional examples of manual errors in VISIR.

B. Conceptual errors

Conceptual errors can be defined as those where a user
intendedly performs an action (wiring, instrument setup, or
measurement) which is not correct, i.e. it goes against the
concepts explained in the course. For instance, to measure the
voltage applied to a given resistor, one must place a voltmeter
in parallel with that resistor. Fig. 6 illustrates a conceptual
error associated with the requested measurement, where the
user places the voltmeter in series with the resistor. In this
case, the VISIR remote lab returns a valid measurement (see
Fig. 7), i.e. 2.002 Vpc, which is coincident with the expected
correct measurement. This coincidence is especially
problematic because it appears at an early stage when
students are still learning how to connect the voltmeter.
Obtaining a correct reading with an erroneous layout may
lead to the student’s understanding that, effectively, a
voltmeter can be placed in series, causing a knowledge gap
that may impair the student progress [6, 14-18].

The list of possible errors is quite large, even considering
the simplest 1:1 scenario. Table I is an initial attempt to list
all possible errors when trying to measure the voltage,
electrical current and resistance in an 1:1 scenario. Each one
of these errors has been categorized and illustrated. For
instance, Fig. 7 illustrates error named as E15.

00
sene
sensnsnns

We s eesea

Fig. 6. A conceptual error in VISIR: placing the voltmeter (as denoted by
the used terminals — Hi/Lo V/Q), in series with an element, for measuring
the applied voltage.

Fig. 7. The obtained masurement in the situation depicted in Fig. 6.

TABLE L. POSSIBLE ERRORS WHEN MEASURING THE VOLTAGE,
ELECTRICAL CURRENT AND RESISTANCE IN A 1:1 CIRCUIT SCENARIO

CONTROL KNOB
DMM connection CABLE OFF VAC/AAC DIODE _{VCC (V/mV) Q A
: ) Qv El E9 E17
serial

‘2’ A E2 E10 E18
R

v £3 E11 £19
° parallel
N A E4 E12 E20
P
) Qv ES E13 E21
w serial
E A E6 E14 E22
R

Qv E7 E15 E23
o parallel
: A E8 E16 E24

Fig. 8. An illustration of the error classified as E15.

To explain how to read the table, let’s consider the
learning goal is to correctly measure the resistance of the
resistor. Looking into Table I, and reading from the leftmost
column to the right most column, error E15 corresponds to
the situation where: (1) the DC power supply is off; (2) the
multimeter is connected in parallel with the resistor being
measured; (3) the multimeter probes are connected to Hi/Lo
V/Q; and, (4) the multimeter knob is in Q’s reading. In this
case, the error arises from the fact the DC power supply is
also connected in parallel with the resistor, which influences
the measurement, due to the internal resistance of the power

supply.

V. CONCLUSION AND FUTURE WORK

This work is a necessary step for building an online tutor
able to scaffold students’ learning in VISIR. Presently, there
is ongoing work for validating a Trace-Analyzer tool that
extracts and normalizes information from all experiments
done in the VISIR remote lab [19]. The online tutor will have
to combine information provided by the learning goals
associated with a given circuit layout and test & measurement
equipment configuration and the normalized circuit outputted
by the VISIR Trace-Analyzer tool.

At this stage, only an initial, yet comprehensive analysis
of the simplest 1:1 circuit has been done. This submission is
intended to trigger discussions in an early stage in order to fine
tune the necessary framework for interpreting ALL possible
experimental errors done in VISIR. After establishing a
general consensus around the simplest 1:1 scenario, the
following step will be analysing the subsequent, more
complex 1:n, n:1, and n:n scenarios in DC mode. The roadmap
will then progress to AC mode, where two new test &



measurement instruments, i.e. the signal generator and the
oscilloscope will be added. Considering the number of control
knobs exhibited by these two more complex test &
measurement instruments, it will be quite difficult to represent
all possible errors in a page-sized table. This means the
framework will have to evolve to a machine-readable table,
accounting for all possible combinations. At that stage, it will
be more difficult to perform a manual validation and therefore
computational techniques will have to be applied.
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