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Abstract

In science and engineering education, remote laboratories are designed to bring ubiquity to
experimental scenarios, by having real laboratories operated through the Internet. Despite
that remote laboratories enable the collection of students’ work data, the educational use of
these data is still underdeveloped. Learning analytics dashboards are common tools to pre-
sent and analyze educational data to provide indicators to understand learning processes.
This paper presents how data from remote labs, such as Virtual Instruments Systems In
Reality (VISIR), can be analyzed through a learning analytics dashboard to help instruc-
tors provide better feedback to their pupils. Visualizations to study the use of the VISIR,
to assess students’ performance in a particular activity and to facilitate the assisted assess-
ment of students are introduced to the VISIR dashboard (VISIR-DB). These visualizations
include a new recodification of circuits that keeps the fragment being measured, in order
to better identify student’s intention. VISIR-DB also incorporates functions to check a
priori steps in the resolution process and/or potential errors (observation items), and logi-
cal combinations of them to grade students’ performance according to the expected out-
comes (assessment milestones). Both work indicators, observation items and assessment
milestones, can be defined in activity-specific text files and allow for checking the circuit
as coded by the interface, the conceptual circuit it represents, its components, parameters,
and measurement result. Main results in the use of VISIR for learning DC circuits course
show that students mainly use VISIR when indicated by instructors and a great variability
regarding to time of use and number of experiments performed. For the particular assess-
ment activity, VISIR-DB helps to easily detect that there is a significant number of students
that did not achieved any of the expected tasks. Additionally, it helps to identify students
that still make a huge number of errors at the end of the course. Appropriate interventions
can be taken from here.
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1 Introduction

In the Educational Data Science context, the main goal of Learning Analytics (LA) is to
approach educational research through data to improve teaching and learning; nevertheless,
in LA the focus is more educational than technological and model development is not a pri-
ority (Romero & Ventura, 2020). The First International Conference on Learning Analytics
and Knowledge (LAK) defined LA as "the measurement, collection, analysis and reporting
of data about learners and their contexts, for the purposes of understanding and optimizing
learning and the environments in which it occurs" (Conole et al., 2011, as cited in Siemens
& Long, 2011). Since then, the growth of this discipline has been exponential in terms of
the number of published papers (McFarland et al., 2021).

A LA analysis could be carried out at different levels (Fischer et al., 2020), from a
macro institutional level to a micro where the time component is shorter. At the micro
level, the analysis of the collected logs, where this contribution fits, can be used to identify
both learning components and abilities, to assess acquired knowledge, to understand the
effectiveness of an intervention, or to provide recommendations for learning. This approach
can be important as we advance towards Smart Learning Environments (SLE). A literature
review performed by Tabuenca et al. (2021) illustrates that the most common affordances
in SLE are adaptability, traceability and the provision of feedback and recommendations.

There is a wide diversity of technologies involved in SLE, from smartphones (Heflin
et al., 2017; Salcines-Talledo et al., 2022) and educational digital games (Behnamnia et al.,
2023; Bile, 2022) to biometric sensors (Hernandez-de-Menendez et al., 2021); remote lab-
oratories in blended spaces, like VISIR, are a possible source of contextual information.
The need to automatically analyze the available data in Educational Data Mining and LA is
essential to determine how students learn; it is then necessary to develop a culture based on
data to improve teaching (Romero & Ventura, 2020) and actions’ representation is a chal-
lenge to overcome in higher education institutions (Leitner et al., 2019). The collection,
analysis, and visualization of logs enable instructors to discover when the learning process
is taking place and provide forms of assistance using appropriate dashboards.

Learning Analytics Dashboards (LAD), or learning dashboards, are defined by
Schwendimann et al. (2017) as “a single display that aggregates different indicators about
learner(s), learning process(es) and/or learning context(s) into one or multiple visualiza-
tions”. Their review summarized previous works and studied 55 papers on learning dash-
boards from 2010 to 2015 and concluded that while there was a considerable amount of
research on information visualization, the effect of LADs was still mostly exploratory.
Their study shows that LAD had a growing but still limited interest compared to a more
general topic like learning analytics. This interest has been growing over the past few
years to be a major topic in the field as reflected in the data collected from Google Trends
(Fig. 1).

Learning dashboards are currently an open area of development and research. Recent
reviews defined theoretical frameworks for the different goals of the LAD —from describing
to making prescriptions or recommendations— (Matcha et al., 2019; Susnjak et al., 2022)
and stakeholders (Park & Jo, 2015). The visualizations used and their effectiveness are
also studied. Most of the LADs reviewed use data from institutional databases or VLE and
are directed to help students self-regulate on their learning processes. Jivet et al. (2017)
pointed that the main goal of the LADs they found consists in making learners consci-
ent of their learning process by visualizing their own learning data, but this is not always
enough to improve their competences. The authors conclude that some guidance should
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Fig. 1 Interest in Learning Analytics (green line), Educational Data Mining (red line), and Learning Dash-
boards (blue line) according to Google Trends (the y-axis indicates search interest relative to the highest
point in the chart). This is an update of Fig, 2 in Schwendimann et al. (2017). Source: Self-authorship

be facilitated to some of these online learners that use LADs. Nevertheless, recent studies
(Nguyen et al., 2021; Pozdniakov et al., 2022) reveal that researchers start trying to focus
on how sensemaking takes place when using these tools. Some of the insights offered for
future LADs designs include communicative prompts and question asking.

Many LADs refer to general educational applications, like Virtual Learning Environ-
ments (VLE) or e-learning tools. Other LADs have been developed to provide feedback in
specific learning activities, such as in serious games (Alonso-Fernandez et al., 2019; Liu
et al., 2016). However, we are not aware of much work done on applying LAD to online
experimental activities. Relevant exceptions are the work being done in the Lab4CE which
focus on describing the general competencies of a student (Broisin et al., 2017) and the
LADs implemented for following the work of the students in the inquiry learning spaces of
the Next-Lab project (https://www.golabz.eu/) or when using the remote labs of WebLab-
Deusto, now LabsLand (https://labsland.com/) (Orduiia et al., 2014); but neither of them
focus on providing support for analyzing the work done by the students on using the online
activities to facilitate their learning assessment. To bridge this gap, the authors of this con-
tribution are developing a LAD for the VISIR remote lab, VISIR-DB, using learning ana-
lytic approaches that could be extendible to other online labs. Both, VISIR and VISIR-DB,
version stable-19.04 (Garcia-Zubia et al., 2019b; Serrano et al., 2018), are presented below.

1.1 VISIR Remote Laboratory

The VISIR remote laboratory (Fig. 2) began in the late 1990s as a research project at the
Blekinge Institute of Technology, Sweden (Gustavsson, 2003; Gustavsson et al., 2009).
There have been many instances around the world in different universities in Sweden,
Spain, Portugal, Austria, Germany, USA, Brazil, Argentina, Costa Rica, India and Aus-
tralia. VISIR is mainly (but not restricted) focused on the analysis of analog electronic cir-
cuits: Ohm’s law, circuits based on transistors, diodes, passive and active filters, and so on.
Its design integrates complex and expensive technical equipment with a powerful interface
based on HTML5 (Hernidndez-Jayo & Garcia-Zubia, 2016). The VISIR client interfaces
provide: (1) a breadboard or circuit connection board (circuits under test), (2) a multimeter
or tester, (3) a 6-V and+25-V dc power supply, (4) a function generator, and (5) a two-
channel oscilloscope.
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Fig.2 Communication within VISIR remote lab, user interface (left) and physical hardware (right).
Source: Self-authorship

In a typical sequence of use, students assemble their circuits on the breadboard, accord-
ing to their practical exercise. They proceed following the same rules and principles as in
hands-on labs: power it (using a power supply or a function generator), measure it (using
the multimeter or the oscilloscope), and then analyze the obtained results. The number of
circuits that a student can build over the VISIR is finite. This is because the core of this
remote lab is a switching matrix where the available real components (resistors, capaci-
tors, diodes, etc.) are connected. Before the remote lab session, the teacher has to set up
the matrix, the interconnections and circuits to be taught to the students. But this process
is similar in the hands-on lab, where the teacher has to provide to the students the compo-
nents to be used during each lab session and to explain the circuits to be tested. It is impor-
tant to highlight, following Dormido Bencomo (2002) classification of experimentation
environments, that VISIR does not simulate circuits, but allows building and measuring
real circuits. The VISIR management system provides multiple and concurrent access to
the lab, so up to 80 students can interact in real time with a single VISIR implementation.

Other remote laboratories have been developed in analog electronics, such as NetLab
(Nedic & Machotka, 2007), RemotElecLab (Fidalgo et al., 2014), and ISILab (Chirico
et al., 2005). However, of these labs only NetLab, https://netlab.unisa.edu.au/, is still
actively online, although it is not as widely used as VISIR.

1.2 VISIR-DB

VISIR-DB is a dashboard developed as a Shiny application (Chang et al., 2017) to analyze,
fast and deep, the logs kept from the communication between the web interface and the
real laboratory in the case of VISIR. This tool is intended for both instructors and research-
ers. To the instructors, the information it provides allows exploring the activity done by
any specific student or group of students without having to code. Instructors only need to
upload the logs generated by the interaction with VISIR on the tool, as a CSV file. To the
researchers, this tool can provide ways to identify students’ common errors when using
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VISIR (Garcia-Zubia et al., 2019a; Mendonga et al., 2020), like missing to connect the
power source to ground, and to assess learning processes in the domain.

VISIR-DB version stable-19.04 was presented at IEEE VIS Congress in 2018 (Serrano
et al., 2018), in which several meaning tables and charts were displayed to gain a better
understanding on how learning of analogs circuits happens. It was initially arranged in four
sections: Data Input, Global Results, Circuit-based Analysis, and User-specific Results.
Each section was organized into several sections and panels. Additionally, a Help Menu
was created to detail the Dashboard Structure and the meaning of the Main Terminology
used. Later on, in 2019, a case study was reported at the 2019 5th Experiment Interna-
tional Conference (Garcia-Zubia et al., 2019b), in which some details on the students’ use
of VISIR in a DC circuits experimental activity was performed and interpreted across the
use of VISIR-DB.

The first section of VISIR-DB version stable-19.04, Data Input, contains a file input
control to load the log file and, recently, the observation items and the assessment mile-
stones files, both optional. Once loaded, feedback is provided in terms of number of dis-
tinct users, number of actions, and first and last logged date.

The information collected in the second section, Global Results, summarizes the results
concerning time of work with the remote lab, per user (Fig. 3a), per date (Fig. 3b), or both;
the total number of experiments performed, again per user, per date, or both (Fig. 3c), the
experiments timeline per user including the measure type, and the distribution of unique
circuits per user, so far only normalized circuits. In VISIR, an experiment is understood as
a circuit and its instrumental settings as submitted to the server when clicking the button
Perform experiment. Finally, the second section includes how the number of experiments
(Fig. 3d), or additionally unique circuits in the new implementations, and time are related.
Time represents the indefinite continued progress of the user in each of his interactions
with VISIR, time events with large gaps of time have been neglected. Unique circuits are
those with the same components connected in the same manner (normalized circuits).

The third section, Circuit-based Analysis, facilitates analyzing the circuits more com-
monly performed by the group of students. A list of common circuits, ordered by the num-
ber of times each one is created, is shown here. Each circuit can be identified in the time-
line and the number of times a circuit is done by each user also appears in this section.

The fourth section, User-specific Results, shows a drop-down list of students’ ID. Once
a student is selected, the dashboard automatically displays a summary, the list of unique
circuits created, and its history as a list of submitted experiments.

1.3 Limitations of VISIR-DB Version Stable-19.04

Despite the great potential of this version of VISIR-DB as a powerful environment for ana-
lyzing the use of VISIR and giving aggregate or individual feedback, there are two aspects
where VISIR-DB needs to be improved: a better identification of unique circuits and a pro-
cess-oriented assessment of students’ work.

Unique (or conceptually equivalent) circuits could be interpreted as those with the same
components connected in the same manner (normalized circuits); this is the approach
included in VISIR-DB version stable-19.04. This algorithm allows identifying as equiva-
lent two circuits which have the same resistors placed in different positions of the bread-
board or connected using a different number of wires. However, it is common to leave
unconnected components on the breadboard, for instance to reuse them later. Proceeding
this way, the analysis would produce normalized circuits that are different despite the users
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Fig.3 VISIR-BD, current screenshots for some of the already available functions: a distribution of time of p
use per student. Source: Self-authorship. VISIR-BD, current screenshots for some of the already available
functions: b time of use per date, ¢ experiments performed per student and date, and d scatter plot of num-
ber of experiments versus time of use. Source: Self-authorship

could be intending the same measurement. Alternatively, at the World Engineering Educa-
tion Forum (WEEF 2021), a simplified circuit was defined to be an improved representa-
tion so conceptually equivalent circuits will be identically expressed (Cuadros et al., 2021).
Simplified circuits will then be identical when they have the same components connected
in the same manner in the fragment being measured. An example is shown in Fig. 4. More
details are provided in the Method section.

To improve the capacity to assess users’ performance, an important aspect in the con-
text of the SLE, as suggested by Tabuenca et al. (2021), new features should be included
to VISIR-DB version stable-19.04. Among the examples of approaches that can be found
in the literature to address this issue, there is the proposal of using working indicators to
identify frequent errors and to evaluate the level of achievement in the use of open envi-
ronments (Calvo et al., 2019; Gongalves et al., 2018). To achieve the evaluation process,
students’ actions are compared to predefined steps (observation items), arranged by the
instructor, and, optionally, logical combinations of them (assessment milestones).

1.4 Aims of the Paper

According to the limitations identified above, this research tries to improve the VISIR-DB
capacity to assess users’ performance. In this sense, we propose an approach to automati-
cally grade the work done by the students in a remote lab, so the instructors can provide
better guidance and feedback to their pupils. We present an implementation of it in the
VISIR-DB (Garcia-Zubia et al., 2019b; Serrano et al., 2018), the LAD for VISIR (Gustavs-
son, 2003; Gustavsson et al., 2009).

Therefore, the aims of this paper are:

e To include new analytical functionalities to improve the comparison of circuits and to
assess the students’ work in VISIR.
To study the use of the VISIR remote lab along the lecturing on DC circuits.
To assess the performance of the students in a final exam done with VISIR.

The rest of this paper is organized as follows. First, we present the methodology and
context of this work. Then, we follow with the presentation of the dashboard updates and
the usage analysis of VISIR along the lecturing of the topic of DC circuits in a first-year
physics course and for a specific activity within it. Finally, the implications of the results
are discussed and the conclusions are reported.

2 Method

This section includes the explanation of the circuit simplification process, the specifica-
tions of the work indicators files, the data collection process for both the course case study
and the specific activity, and, finally, the methods used to analyze data.
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[CODED] W_X Al2
DMM 1 1/W_X Al6
DMM 1 2/R X A2 A6
10k/R_X Al2 Al6 10k

[NORMALIZED] R_X POl P02
10k/R X DMM 1 1 DMM 1 2
10k

[SIMPLIFIED] R X DMM 1 1
DMM 1 2 10k

Fig.4 Example of the process of circuit identification. On the left, circuit built in the VISIR interface; on
the right, the same circuit as coded by VISIR and recodified to normalized and simplified circuits. Source:
Self-authorship

2.1 Improvement of VISIR-DB

To complement what was already available in 2019 (Garcia-Zubia et al., 2019b), the analysis
of simplified circuit, as a different way to interpret a unique circuit, and the analysis of stu-
dents’ performance in an activity using work indicators, have been added to VISIR-DB.

Simplified circuits were introduced by Cuadros et al. (2021). Previously only normalized
circuits were available in VISIR-DB version stable-19.04. As mentioned before, a normalized
circuit is a canonicalization of the circuit built by the user that is independent of the number of
wires being and the position of the components. Similarly, a simplified circuit is a canonicali-
zation of the built circuit that only considers what is connected to the multimeter and hence
grasps the intended measurement of the student. Figure 5 shows the difference between the
coded circuit already shown in Fig. 4, and its corresponding normalized and simplified circuit,
both represented graphically.

The use of simplified circuit has been added to every place in VISIR-DB where normal-
ized circuits where already in use. This allows an instructor to choose whether to assess all the
components actually on the breadboard, using normalized circuits in this case, or to check only
for the part of the circuit being measured, by selecting simplified circuits in the dashboard.

Likewise, work indicators have been introduced to the VISIR-DB. The idea of using mile-
stones to assess students work was introduced by Calvo et al. (2019) for a traced version of R
Commander. According to this work, students work can be assessed by comparing each action
to a predefined set of observation items. A formal assessment can be constructed with a set of
assessments milestones, which are logical combinations of the check results for the observa-
tion items. Now this has been adapted for its inclusion in VISIR-DB.

In the case of VISIR-DB, observation items are not checked against the full action trace but
against a rootless XML string that includes (1) the coded circuit, (2) the normalized circuit,
(3) the simplified circuit, (4) the result of the multimeter, (5) the voltage of the source, and (6)
the magnitude the multimeter is set to measure. An example of a string against which work
indicators will be assessed is.
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W X Al2
DMM 1 1/W X
. Al6
Buﬂy DMM 1 2/R X
circuit A2 R
10k/R X Al2
Al6 10k
P01 R, 10k P02
R X POl P02
Normalized 10k/R_X
circuit 1 R, 10k 2 DMM 1 1
DMM 1 2 10k
DMM
o 1 R, 10k 2
Simplified R X DMM 1 1
circuit DMM 1 2 10k
DMM

Fig. 5 Comparison of coded, normalized and simplified circuits. Source: Self-authorship

<circuit>W X Al5 A17/W X A9 A11/W X VDC+25V 1 1 A9/W X

A21 0/W_X 0 VDCCOM 1 _1/W_X Al7 DMM 1_1/W_X A21

DMM 1 2/R X A9 Al3 1k/R_X Al3 Al7 10k/R X Al7 A21 1k/R X

All A15 10k</circuit>

<normalizedCircuit>R X P01 DMM 1 1 10k/R X POl

VDC+25V_ 1 1 1k/R X DMM 1 1 GND 1k/R X DMM 1 1 VDC+25V 1 1

10k/W X DMM 1 2 GND/W X GND

VDCCOM 1 1</normalizedCircuit>

<simplifiedCircuit>R X PO1 DMM_1_1 10k/R_X PO1

VDC+25V 1 1 1k/R X DMM 1 1 GND 1k/R X DMM 1 1 VDC+25V 1 1

10k/W X DMM 1 2 GND/W_X GND
VDCCOM 1 1</simplifiedCircuit>
<result>1.589682</result>
<voltage>9.999547</voltage>

<measure>dc vo</measure>
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Observation items are specified in a tab-separated unquoted text file, which must be
prepared outside of VISIR-DB. The file includes three columns, (1) a unique name for
the observation item (obsltems), (2) a regular expression which will be matched to each
experiment (regExps), and (3) a piece of calculation in R that evaluates to either TRUE or
FALSE (if a calculation is not required, TRUE should be added to this column, logTests).
A first line with the headers is expected and the file can contain as many observation items
as required by the desired analysis. A simple observation item that checks if there is any
experiment measuring DC voltage follows.

obsItems regExps logTests

oI <measure>dc vo</measure> TRUE

Given the observation items, a second assessment level can be implemented through
assessment milestones. While observation items can be used to detect any aspect of stu-
dents’ work that can be of interest for their evaluation or feedback, assessment milestones
can be though as elements in a rubric. Each assessment milestone corresponds to a frac-
tion of the grade, but any of them might be achievable through different circuits or, in
the contrary, require more than a single experiment to be considered as done. In any case,
assessment milestones are optional. If omitted, each observation item is also interpreted as
its own assessment milestone. Assessment milestones are also encoded in a tab-separated
unquoted text file. Each milestone includes two columns, (1) a unique name and (2) a logi-
cal evaluation which refers to the observation items.

The improved version of the dashboard (stable-21.12) includes two file selection con-
trols to load the observation items and the assessment milestones files. New visualizations
are also added in a new Work Indicators section. These allow the instructor to quickly
check the percentage of students that reached each work indicator and also whether any
student achieved any of them.

2.2 Data Collection

To achieve the second and the third goal of the present project, those are to study the use
of the VISIR remote lab along the lecturing on DC circuits and to assess the performance
of the students in a final exam done with VISIR, two sets of logs should be collected. For
the first one, users belonging to a one-semester course of Electronics at the University of
Deusto, from February 1 2021 to March 30 2021, have been taken into consideration. This
course was taught in two groups (58 students in the largest group, who studied in Spanish,
and 16 students in the second group who took the subject in English); a total of 74 students
were enrolled. The subject is common to the first year of all the industrial branch degrees:
Industrial Technologies Engineering, Electronics and Automation Engineering, Industrial
Organization Engineering, and Mechanical Engineering. This subject requires assembly
and measurement of analog and digital electronics basic circuits, including correspond-
ing instrumentation. It consists of three theoretical hours and one practical hour per week,
which is oriented to an intensive use of both hands-on and remote laboratories. During the
face-to-face practical sessions of February 11 and 16 (2021), related to analog electronics,
VISIR was used intensely. The VISIR remote lab was also used as a complement to the
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practical classes, since students could use VISIR from home to complete their unfinished
exercises from the lab sessions.

VISIR was also used during the evaluation of the subject (March 30, 2021), where
students had to demonstrate how in addition to reporting the mathematical models that
describe the behavior of a circuit, they were able to assemble, measure and characterize
that circuit using VISIR. To analyze the exam activity, a second set of logs, generated from
the users of the largest group on March 30 from 16.00 and 18.30 CET, is explored. In both
cases, experiments including AC components have been excluded.

2.3 Data Analysis Tools

This section includes the description of the process to generate the work indicators to
deeply assess students’ performance in the final exam and how the new version of VISIR-
DB (stable-21.12) helps better analyse the use of VISIR for both, during the course and
during the exam.

To integrate the simplification process in the dashboard, a checkbox has been added to
the interface (Circuit-based Analysis and User-specific Results sections). This checkbox is
unselected by default, which means that normalized circuits are analysed. When selected,
simplified circuits are used instead. Using this new level of canonicalization of a built cir-
cuit, additional errors can be detected, improving the understanding of errors, and it can be
easy to see what students are trying to measure. The previous visualizations, corresponding
to time, experiments and circuits, make the dashboard a useful tool for monitoring relevant
information related to the course.

Work indicators should be established in collaboration to the instructor to reproduce the
expected steps to correctly solve the exam or to identify potential errors.

The exam question referring to VISIR consists in determining some physical magni-
tudes (one equivalent resistance, three currents and five voltages) of the circuit shown in
Fig. 6.

Annex B in the supplemental information includes the list of 14 observation items and
9 assessment milestones generated to assess the students’ performance. Looking at the sec-
ond observation item in Annex B, it can be seen that it is named OT1_RT (first column), it
looks for a measurement of resistance (column 2), where the value obtained in the meas-
urement is between 6.20 k€ and 6.25 k€2 (column 3). This range accounts for the tolerance
in the value of the resistors, permutations of their positions, and the error introduced by the

A B BO=VR4
= R1I—1 R=10k | g%
e ) R4=1k
10 VDC——
| _»W\l
;. R3=10k
- -

Fig.6 Circuit to be measured in the exam on March 30. Source: Self-authorship
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instruments. For a specific user of the remote lab, every experiment will be matched to this
query.

OT1 RT <result>(.*)</result>.*<measure>resis</measure>

as.numeric(m[[1]1])>=6200&as.numeric(m[[1]])<=6250

The user will be considered to reach this observation item if at least one experiment is
found to match it. Observation items may refer to expected steps in the resolution process
of an activity, elements of a grading template in an exam, errors or mistakes that could
arise, or any other aspect that could be of interest to the faculty or a research team.

Assessment milestones are also encoded in a tab-separated unquoted text file. Each
milestone includes a name with a logical evaluation which refers to the observation items.
For example, the first assessment milestone in Annex B is named E1_RT (column 1, assM-
ils) and it is reached when the student reaches both observation item 001_4R and OT1_RT
(column 2, logEvals).

assMils logEvals

El1 RT  om['001 4R']&om['OT1 RT']

Again, the user will be considered to reach this assessment milestone if at least 001_4R
and OT1_RT are achieved.

Two different visualizations are used to easily analyze the accomplishment of both work
indicators, bar charts to identify the percentage of students who achieved each indicator
and heatmaps to detect whether every student achieved or not each indicator. Differentiated
behaviors can be observed among students from the resolution of the assessment activity.

3 Results

In this section, the new features implemented in VISIR-DB to improve the comparison of
circuits and to assess the students’ work are presented and showcased using a course-long
study and a particular assessment activity. First, we discuss the additional characteristics
of VISIR-DB. Next, we use VISIR-DB to analyze the logs recorded along the lecturing on
DC circuits. And, finally, VISIR-DB is used to assess the performance of the students in a
final exam done with VISIR.

3.1 Improved VISIR-DB

VISIR-DB version stable-21.12 has a new section called Work Indicators, which helps
the instructors understand the relationship between the students work and the instructor’s
expectations for a specific task. Data Input section has also been modified to allow VISIR-
DB users uploading predetermined working indicators (see Fig. 7). Each place where
unique circuits are included has been changed to consider both normalized and simplified
circuits. Previously, only normalized circuits were considered.
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VISIR-DB -

# Data Input

Data Inpu PLEASE START BY IMPORTING A LOG FILE THROUGH THE LEFT PANEL

Log File

d Analysis Browse.

Observation Items (optional)

kin Browse.

© Help

First logged date Last logged date

Assessment Milestones (optional)

Browse.
Observation items to be loaded... use the control on the left if needed.

Assessment milestones to be loaded... use the control on the left if needed. Observation
milestones, if available, will be used for evaluation.

Fig.7 VISIR-BD version stable-21.12 initial interface. Source: Self-authorship

Figures 8 and 9 show the most common unique circuits, normalized or simplified, in
a set of traces. By default, normalized circuits are used and simplified circuits can be
used by checking a checkbox on the top-left corner of the dashboard window.

[J Check to use simplified circuits (normalized circuits when unchecked)

Common Circuits Circuit in Timeline Circuit per User
Show \E‘ entries Search: I:l
Normalized Circuits TimesTested
1 R_XPO1DMM_1_1 10k/R_X P01 DMM_1_1 1k/R_X P01 DMM_1_2 10k/R_X PO1 DMM_1_2 1k 428
2 R_XDMM_1_1DMM_1_2 1k 232
5 RXPO1GND 1kR X POTVDC+25V_1_1 1WR_X GND VDC+25V_1_1 10kIR_X GND VDC+25V_1_1 10kW_X o
DMM_1_1 VDC+25V_1_1/W_X DMM_1_2 GND/W_X GND VDCCOM_1_1
4 R_XP01DMM_1_1 1WR_X P01 DMM_1_2 1k 224
5 R_XDMM_1_1DMM_1_2 1k/R_X DMM_1_1 DMM_1_2 1k 209
6 R_XDMM_1_1 GND 100/R_X DMM_1_1 VDC+25V_1_1 1k/W_X DMM_1_2 GND/W_X GND VDCCOM_1_1 188
7 154
8  R_XP01GND 10kiR_X P01 IPROBE_1_2 1k/W_X GND VDCCOM_1_1/W_X IPROBE_1_1 VDC+25V_1_1 152
g RXPO1GND 1kR_X P01 IPROBE_1_2 1k/R_X GND IPROBE_1_2 10kR_X GND IPROBE_1_2 10kW_X GND -
VDCCOM_1_1/W_X IPROBE_1_1 VDC+25V_1_1
10 R_X P01 GND 1k/R_X P01 IPROBE_1_2 1k/W_X GND VDCCOM_1_1/W_X IPROBE_1_1 VDC+25V_1_1 143

Showing 1 to 10 of 3,888 entries Previous ‘ ] 2 3 4 5 389 Next

Fig.8 VISIR-BD table of the most common unique circuits (as normalized circuits). Source: Self-author-
ship
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Check to use simplified circuits (normalized circuits when unchecked)

Common Circuits Circuit in Timeline Circuit per User
Show\ﬂ)z entries Search: :
Simplified Circuits TimesTested
1 2395
2 R_XP01DMM_1_110k/R_X P01 DMM_1_1 1k/R_X P01 DMM_1_2 10k/R_X PO1 DMM_1_2 1k 448
3 R_XDMM_1_1DMM_1_2 1k 312

R_X PO1 GND 1k/R_X P01 VDC+25V_1_1 1k/R_X GND VDC+25V_1_1 10k/R_X GND VDC+25V_1_1 10K'W_X 245

DMM_1_1VDC+25V_1_1/W_X DMM_1_2 GND/W_X GND VDCCOM_1_1
5 R_XPO1DMM_1_11K/R_X P01 DMM_1_2 1k 234
6  R_XDMM_1_1DMM_1_2 1k/R_X DMM_1_1 DMM_1_2 1k 221
7 R_XDMM_1_1 DMM_1_2 10k 217
8  R_XDMM_1_1 GND 100/R_X DMM_1_1VDC+25V_1_1 1k/W_X DMM_1_2 GND/W_X GND VDCCOM_1_1 194
9 R_XP01GND 10k/R_X P01 IPROBE_1_2 1k/W_X GND VDCCOM_1_1/W_X IPROBE_1_1 VDC+25V_1_1 166

R_X P01 GND 1k/R_X P01 IPROBE_1_2 1k/R_X GND IPROBE_1_2 10k/R_X GND IPROBE_1_2 10k/W_X GND

VDCCOM_1_1/W_X IPROBE_1_1 VDC+26V_1_1 fes

Showing 1 to 10 of 2,790 entries Previous 1 2 3 4 5 279 Next

Fig.9 VISIR-BD table of the most common unique circuits (as simplified circuits). Source: Self-author-
ship

Each type of analysis offers different insights on the students’ work. For instance, an
empty normalized circuit (row 7, Fig. 8) means that neither component nor meaningful
wires were part of the circuit assembled by the user. However, an empty simplified circuit
(row 1, Fig. 9) means the lack of a correct measurement in any fragment of the circuit; this
happens when the multimeter is missing or not properly connected by both poles.

The use of work indicators requires loading up to two text files in the Data Input panel,
as described in the Method section. Once loaded, last section in VISIR-DB displays the
users’ performance, indicating the proportion of users that achieved each work indicator
(observation items or assessment milestones), and the achievements per user.

Work indicators are visualized in the corresponding section of VISIR-DB both as the
group performance, percentage of students reaching each indicator (Fig. 10), and as indi-
vidual performances, in a heatmap showing which indicators are attained by each student
(Fig. 11). The results shown in these charts are further discussed when analyzing the use
case.

VISIR-DB version stable-21.12 keeps processed data available in the R environment
once the dashboard is closed. The available data frames can then be reused for further anal-
yses or can be exported to other file formats.

For additional details on the comparison of both versions of VISIR-DB, stable-19.04
and stable-21.12, see Annex A in the supplemental information.

3.2 Course-long Analysis
The log file includes information about 27,704 actions of 72 users, out of 74 enrolled stu-

dents (Fig. 12). The average number of time (in hours) working actively with VISIR per
student amounts to 5.56 and there is a bias to the right, being the maximum number of
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Group Performance  Performance per User

000 GND 0014k  OTIRT OT2AN OT2BT MM OTZCT4R OT3VT OT4VR3 OTSVRI OT6VR2 OT/VRé OTGANl OT88N  OT9®
Work Indicator

Circuit-based Analysi

Indicators

Observation Items

Performance, in %

o

Fig. 10 VISIR-BD group performance per observation item. Source: Self-authorship

VISIR-DB =

nput
Group Performance  Performance per User

Achieved

FALSE
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Observation ltems

Work Indicator
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Fig. 11 VISIR-BD individual performance per observation items and student. Source: Self-authorship

hours per student equal to 16.06 (Fig. 13). However, there is also a group of students that
do not seem to be engaged by VISIR (or by the subject itself), as they used it for less than
two hours along the entire course.

The total time distribution per date (Fig. 14) shows some peaks that clearly correspond
to the practical sessions mentioned above (February 11 and 16, 2021) and the final exam
(March 30, 2021). The first practical session was basically conducted by the instructor and,
then, students worked in pairs with VISIR. On the second practical session, the students
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VISIR-DB -

# Data Input

Data Inpu Log file loaded, details are shown below.

M Globa Its

Log File
™ Circuit-based Analysis Browse. 2021m2to3_DC_uhjm.csv 7 27704
u ctons

Observation Items (optional)

2
sers
k| 2021-02- 2021-03
First logged date Last logged date
Assessment Milestones (optional)

Browse.

Observation items to be loaded... use the control on the left if needed.

Assessment milestones to be loaded... use the control on the left if needed. Observation
milestones, if available, will be used for evaluation.

Fig. 12 VISIR-DB front page. Source: Self-authorship

Time Distribution Time per Date Time per User and Date

0.04 5.56 16.06 400.34

Mininum, among users, in h Mean, among users, in h Maximum, among users, in h Total time, in h

Frequency

N

L
I 1T | AT TIN 1T W NI | Il | | |
0 5

10
Time per User, in h

Fig. 13 VISIR-DB time distribution. Source: Self-authorship

worked individually and this is why the total time of use on that date (about 60 h) is larger
than on the first one. Afterwards, for the final exam, students also worked individually
but the problem they had to solve was shorter and required less dedication. A substan-
tial amount of work can be observed too during the study for the final exam. Although
VISIR is freely available to the students at any time, it seems to be used essentially to solve
the tasks assigned by the instructors. It is rarely used by students in their autonomuous
learning.
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Time Distribution Time per Date Time per User and Date
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Fig. 14 VISIR-DB time distribution per date. Source: Self-authorship

Another meaningful visualization consists in identifying the total time of work per user
and date (Fig. 15), in which a clear overview of individual performance can be perceived.
For instance, the interaction with VISIR certainly increases some days before the final
exam date (shown with a red arrow). Placing the mouse over a data point, user, date, and
time dedicated can be seen below the visualization. Similar information can be obtained
when checking the number of experiments performed and the unique circuits obtained
instead of the time dedicated.

When visualizing the number of experiments or the number of unique circuits vs total
time, important information can be extracted too. Figure 16 shows the relationship between
the number of experiments and time dedication. Each student is represented with a marker.
Some low performance students are identified, all of them located in the lower left corner

Time Distribution Time per Date Time per User and Date

Time, in h

Date
|
i
| B
o mNwan

User

Place your mouse over a data point to see user, date and time dedicated.

Fig. 15 VISIR-DB time distribution per user and date. Source: Self-authorship
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Experiments vs Time Unique Circuits vs Time
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Fig. 16 VISIR-DB number of experiments vs time. Source: Self-authorship

of the chart (encircled with solid red line), but other kinds of students’ performance can be
highlighted, for instance, those with large time dedication but with low number of exper-
iments performed (dashed red line). Again, hovering, more detailed information can be
observed; the student pointed by the cursor in Fig. 16 is nFlwwryDhB.

Beyond the analyses based on time, VISIR-DB helps understand what experiments the
students are undertaking. The common circuits section (Fig. 17) summarizes the unique
circuits (normalized or simplified) corresponding to the experiments performed by the
users, ordered by decreasing frequency. Given this information, teachers can revise if
the expected circuits are properly built. Frequent errors could also be detected here, for

# Data Input

[ Check to use simplified circuits (normalized circuits when unchecked)
B Global Results

i Common Circuits  Circuitin Timeline  Circuit per User
» Common Circuits Show|[70_~] entries seren [ ]
S tisersoedinc Resuls Normalized Circuits TimesTested
- Indicators 1 R_X P01 DMM_1_1 10k/R_X P01 DMM_1_1 1k/R_X P01 DMM_1_2 10k/R_X P01 DMM_1_2 1k 428
© Help 2 RXDMM_1_1DMM_1_2 1k 22
5 RXPO1GND 1R X P01 VDC+25V_1_1 1kR_X GND VDC+25V_1_1 10kIR_X GND VDC+25V_1_1 10KW_X -
DMM_1_1VDC+25V_1_1/W_X DMM_1_2 GND/W_X GND VDCCOM_1_1
4 R_XPO1DMM_1_11k/R_X PO1 DMM_1_2 1k 224
5 R_XDMM_1_1DMM_1_2 1k/R_X DMM_1_1 DMM_1_2 1k 209
6  R_XDMM_1_1GND 100/R_X DMM_1_1 VDC+25V_1_1 1k/W_X DMM_1_2 GND/W_X GND VDCCOM_1_1 188
7 154
8 R_XPO1GND 10KR_X P01 IPROBE_1_2 1k/W_X GND VDCCOM_1_1W_X IPROBE_1_1VDC+25V_1_1 152
s RXPOTGND 1kR X POT IPROBE_1.2 1kIR_X GND IPROBE_1_2 10KR_X GND IPROBE_1_2 10KW_X GND -
VDCCOM_1_1/W_X IPROBE_1_1 VDC+25V_1_1
10 R_XPO1GND 1k/R_X P01 IPROBE_1_2 1k/W_X GND VDCCOM_1_1/W_X IPROBE_1_1 VDC+25V_1_1 143
Showing 1 to 10 of 3,888 entries Previous (1|2 3 4 5 389 Next

Fig. 177 Common circuits
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instance circuits without multimeter. In particular, Fig. 17 shows that 154 experiments have
been performed without any multimeter or electrical components in the breadboard. These
circuits appear as a blank string after the normalization process.

In the current version of VISIR-DB (stable-21.12), thanks to the option to compute the
simplified circuits, instructors can focus on the part of the circuit that is being measured
which should be closer to the students’ intention.

The next VISIR-DB section, User-specific Results, is intended to help instructors pro-
vide specific feedback to individual students. For instance, a summary of nFlwwryDhB
student performance is obtained (Fig. 18a). He or she spent 7.15 h learning with the remote
lab and performed 262 experiments. This is right below the mean number of experiments
in a longer time than the mean of the entire group. These 262 experiments correspond to
132 unique (as normalized) circuits. 55 of the experiments were measurement errors.

Furthermore, the list of unique circuits (Fig. 18b) and the history of experiments of the
student selected (Fig. 18c) can also be explored. In Fig. 18b, we learn that nFlwwryDhB
misconnected the multimeter in 42 of the 262 experiments he/she performed. In Fig. 18c,
the instructor can look at the specific circuits constructed by nFlwwryDhB; the repetition
of the measurements can be easily detected and, with some training, one can read that the
student successfully calculated first the equivalent resistor of two 1 k resistors connected in
serial, to follow with their combination in parallel.

As exemplified above, this tool should allow instructors to provide faster, better and per-
sonalized feedback to students about their learning process in this topic. Faster, as it auto-
matically provides quick insights into students’ work without having to worry about ana-
lyzing the log files manually. Better, as the diverse visualizations allow deeper analyses of
what the students did when solving the activity or all along the course. Personalized, as it
can be used to easily explore what an individual did and to compare its work to the group.

3.3 Assisted Assessment of a VISIR Activity

The second analysis corresponds to the use VISIR-DB with the data collected in an exam
of the big group (58 students enrolled). 38 students attempted to solve the VISIR prob-
lem in this exam and their work totals 889 actions (Fig. 19). As mentioned in the Method
section, work indicators (14 observations items and 9 assessment milestones) have been
loaded in the interface too.

Many relevant insights can be obtained when interacting with the students’ traces with
VISIR-DB. For instance, looking at the scatterplot of the number of simplified circuits ver-
sus time (Fig. 20), it is easy to identify a number of students (encircled in red) who made a
very limited use of VISIR during the exam and consequently they made no more than five
unique circuits. Nevertheless, there are other students (encircled in green) who assemble
more than ten unique circuits in less than 15 min. At the very least, nine unique circuits
were required to take all the measurements requested in the exam.

A deeper look into the students’ work when solving the exam is shown in Fig. 21 where
students are ordered by the amount of time spent with VISIR during the exam. Some stu-
dents are able to assemble correct circuits (green arrows) while others make errors almost
every time they perform an experiment (red arrows). Framed in green, the nFlwwryDhB
student reached to effectively build and measure the proposed circuit without any error.

An inspection to the unique circuits (Fig. 22, as simplified circuits) shows there are 140
errors, as empty simplified circuits. The measurement of the total current (IT in Fig. 6) is
tested 44 times.
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Select a user...

nFiwwryDhB -

Summary  List of Unique Ciruits  History of Experiments

379 7.15 262

Actions Total Time, in h Experiments

a
( ) 132 117

Normalized Circuits Simplified Circuits

79

Resistance Measurements

920 38

Current Measurements Voltage Measurements

55

Enmors in measurement

Selecta user...

nFlwwryDhB -

Summary  List of Unique Ciruits  History of Experiments

Check to use simplified circuits (normalized circuits when unchecked)

Show 10 v | entries Search: I
Simplified Circuit 71::::
1 42
(b) ,  RXPO1GND 10kR_X P01 GND 10KR_X P01 IPROBE_1_2 1kW_X GND VDCCOM_1_1/W_X IPROBE_1_1 5
VDC+25V_1_1
3 R_XGND IPROBE_1_2 100W_X GND VDCCOM_1_1/W_X IPROBE_1_1 VDC+25V_1_1 7
4 R_XP01GND 10KR_X P01 IPROBE_1_2 1k/W_X GND VDCCOM_1_1/W_X IPROBE_1_1VDC+25V_1_1 7
§  R_XPO1DMM_1_11W/R_X P01 DMM_1_2 1/R_X DMM_1_1 DMM_1_2 100/R_X DMM_1_1 DMM_1_2 10k 5
6 R_X P01 DMM_1_1 1W/R_X P02 DMM_1_2 10k/R_X P02 DMM_1_2 10k 5
,  RXPO1P02 /R _X P02 IPROBE_1_2 10/R_X P02 IPROBE_1_2 10kR_X P01 IPROBE_1_2 1k/W_X IPROBE_1_1 .
VDC#25V_1_1
8  R_XGND IPROBE_1_1 10k/R_X GND IPROBE_1_1 10/R_X IPROBE_1_2 VDC+25V_1_1 1k/W_X GND VDCCOM_1_1 4
9 R_XPO1DMM_1_110kR_X P01 DMM_1_1 1k/R_X PO1 DMM_1_2 10k'R_X P01 DMM_1_2 1k 4
Selecta user...
nFiwwryDhB w
Summary List of Unique Ciruits History of Experiments
Show| 10 v/ entries Search:
Time Sent Date Coded Circuit Measure
11471 795 2021-02-1208:38:19 W_XDMM_1_1A13/W_X DMM_1_2 A17/R_X A13 A17 1k Resistance
11472 1312 2021-02-1208:4329 W_XDMM_1_1 A12/W_X DMM_1_2 A20/R_X A12A16 1k/R_X A16 A20 1k Resistance
(c) 11473 1347 2021-02-1208:43:50 W_XDMM_1_1 A12/W_X DMM_1_2 A20/R_X A12 A16 1k/R_X A16 A20 1k Resistance
1474 1408 2021-02-1208:4427  W_X DMM_1_1 A12/W_X DMM_1_2 A16/R_X A12 A16 1KR_X A16 A20 1k Resistance
11475 1497 2021-02-12 084520  W_X DMM_1_1 A15W_X DMM_1_2 A20/R_X A15 A19 1kR_XA15A19 1k Resistance
11476 15.02 2021-02-1208:4523 W_XDMM_1_1 A15/W_X DMM_1_2 A20/R_X A15A19 1kR_XA15A19 1k Resistance
11477 1522 2021-02-1208:45:35 W_XDMM_1_1 A15W_XDMM_1_2A19/R_XA15A19 1kR_X A15A19 1k Resistance
11478 1625 2021-02-1208:45:37 W_XDMM_1_1 A15W_X DMM_1_2 A19/R_X A15 A19 1K/R_XA15A19 1k Resistance
11479 1548 2021-02-1208:45:51  W_X DMM_1_1 A15/W_X DMM_1_2 A19/R_X A15 A19 1kR_X F15 F19 1k Resistance

11480 18.08 2021-02-1208:4827 W_XF15F17/W_XA15A17/W_X DMM_1_1A17/R_XA15 F15 1WR_X A17 F17 1k Resistance

Showing 1 to 10 of 262 entries Previous 1 2 3 4 5 27 Next

Fig. 18 VISIR-DB user-specific results. a summary of the student selected, b list of unique circuits
obtained by this student, and c its history of experiments performed. Source: Self-authorship
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Fig. 19 VISIR-DB summary

of the exam data and of the 889

work indicators. Source: Self- Actions

authorship
First logged date Last logged date
Read 14 observation items
0O00_GND, 0O01_4R, OT1_RT, OT2A_IT, OT2B_IT_MM, OT2C_IT_4R, OT3_VT, OT4_VR3
OT5_VR1, OT6_VR2, OT7_VR4, OT8A_1, OT8B_I1, OT9_I2
Read 9 assessment milestones
E1_RT, E2_IT, E3_VT, E4_VR3, E5_VR1, E6_VR2, E7_VR4, E8_I1, E9_I2

Experiments vs Time Unique Circuits vs Time

[0 Check to use simplified circuits (normalized circuits when unchecked)

Number of Normalized Circuits
°
°
°

Time (in h)

Place your mouse over a data point to identify the user.
Fig.20 VISIR-DB scatterplot of the number of normalized circuits versus time. Source: Self-authorship

Visualizations in Fig. 23a and b permit to inspect when and how many times each stu-
dent actually assembled this circuit to measure the total current and performed experiments
with it.

Work indicators, which have been presented above and are available in the SI (Annex
B), include items to check if each student built a four-resistors circuit and if all the required
measurements were taken. In VISIR-DB, the visualizations supported by the work indica-
tors (Fig. 24), allow to check which of these assessment elements were harder and which
students reached each of them. There are six students (red vertical lines) that did not reach
any of the observation items and eleven students which did not reach any of the assessment
milestones, Fig. 24(b and d) respectively. Students are presented in the same order than in
Fig. 21.

Besides the information that can be obtained for the entire class, specific analyses
can be extracted at the level of an individual student. For instance, despite the nFlw-
wryDhB student was initially included in the group of students who had a large time
of dedication but performed less experiments than the median, he/she accomplished all
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Fig.21 VISIR-DB timelines of the students during the exam. Source: Self-authorship

Check to use simplified circuits (normalized circuits when unchecked)

Common Circuits Circuit in Timeline Circuit per User

Simplified Circuits

TimesTested

1 140

2 R_X P01 P02 10k/R_X P02 GND 1k/R_X P02 IPROBE_1_2 10k/R_X P01 IPROBE_1_2 1k/'W_X GND 44
VDCCOM_1_1/W_X IPROBE_1_1 VDC+25V_1_1

5 RXPO1DMM_1_2 10kR_X P01 VDC+25V_1_1 1kR_X DMM_1_2 GND 1K/R_X DMM_1_2 VDC+25V_1_1 10k'W_X m
DMM_1_1 VDC+25V_1_1/W_X GND VDCCOM_1_1

4 RXPOTDMM_1_1 10kR_X PO1VDC+25V_1_1 1k/R_X DMM_1_1 GND 1k/R_X DMM_1_1 VDC+25V_1_1 10kW_X 55
DMM_1_2 GND/W_X GND VDCCOM_1_1

5 RXPO1P0210kR_X P02 GND 1k/R_X P02 IPROBE_1_2 10kR_X P01 VDC#25V_1_1 kW_X GND 2
VDCCOM_1_1/W_X IPROBE_1_1 VDC+25V_1_1

g RXDMM_1_1DMM_1_2 10R_X DMM_1_1VDC+25V_1_1 1R_X DMM_1_2 GND 1k/R_X DMM_1_2 VDC+25V_1_1 -
10k/W_X GND VDCCOM_1_1

;7  RXPO1PO0210KR_X P02 GND 1K/R_X P01 IPROBE_1_2 1k/R_X P02 VDC+25V_1_1 10k'W_X GND P
VDCCOM_1_1/W_X IPROBE_1_1 VDC+25V_1_1

g RXPO1P02 10kR_X P02 GND 1kR_X P02 VDC+25V_1_1 10kiR_X P01 VDC+25V_1_1 1kW_X DMM_1_1 5
VDC+25V_1_1/W_X DMM_1_2 GND/W_X GND VDCCOM_1_1
R_X PO1 DMM_1_1 1k/R_X P01 DMM_1_2 10k/R_X DMM_1_1 DMM_1_2 10k/R_X DMM_1_2 GND 1k/W_X DMM_1_1

9 NIMCLIEN 4 4AAAM V ANNNADCCNAM 4 4 23

Fig.22 VISIR-DB table of the most common simplified circuits during the exam. Source: Self-authorship

but one of the observation items and the assessment milestones of the exam. This stu-
dent is also highlighted in Fig. 24b and d. He/she failed to measure the voltage drop in
the resistor R2 (see the exam statement in Fig. 6), thus the observation item 0T6_VR2 is

not achieved. Consequently, he/she also missed the assessment milestone E6_VR2 which
requires this observation item.
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Fig.23 VISIR-DB visualization for a time when each user makes a circuit, and b the number of experi-
ments done for a circuit per student. Source: Self-authorship
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Fig.24 VISIR-DB group a and ¢ and individual b and d performances for the exam: observation items in
the first row and assessment milestones in the second row. Source: Self-authorship

4 Discussion and Conclusions

VISIR-DB is a tool which aims to monitor and understand VISIR users’ learning process.
Simplified circuits and work indicators have been included in VISIR-DB version sta-
ble-21.12. This current version includes additional visualizations and analyses that make
it more functional, facilitating the assessment of students’ work, the identification of at-
risk students, and the provision of better feedback. The use of the simplified circuits as a
way to identify equivalent circuits provides a higher-level indicator to understand whether
a user assembled a required circuit or not. The use of work indicators provides an adaptable
way for instructors to analyze the performance on a specific activity. Therefore, the current
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version of the LAD should help the instructors give feedback, assessment and recommen-
dations to the students, in relation to the task expected resolution.

Data collected and analyzed for the entire topic in a group of 74 students have been
explored with VISIR-DB. Results allow the identification of the students who didn’t use
the remote laboratory or had significant issues in working with it, spending a limited
amount of time working with this learning environment. In general, students mainly use
VISIR when directed to do so. They rarely use the remote lab when studying on their own,
although VISIR is available 24/7. Regarding to the time of use and the number of exper-
iments performed, variability is large among the group of students. The range of usage
time is larger than 16 h per user. The dashboard also allows detecting common circuits and
errors, and focusing on any specific student to provide individualized feedback.

Similarly, a specific learning activity can be explored with VISIR-DB. By using obser-
vation items and assessment milestones, the analysis of group and students’ performance
can be adapted to any activity or instructor need. Students’ work on a specific exam ques-
tion has been examined. In this case, an assessment model mimicking the standard cor-
rection of the exam question is in-place to check whether each student measured each of
the electric magnitudes asked in the problem. This analysis clearly shows which users
never built the required circuit and what measurements have been harder for these students.
Additionally, we can take apart students that don’t make any error during the exam from
others that still have problems taking electrical measurements. This is independent of the
number of experiments performed in the assessment activity. Around 29% of the students
did not achieved any of the assessment milestones stated for this activity; these students
can be easily detected using VISIR-DB. Specific interventions can then be decided based
on these observations.

The new implementations in VISIR-DB make the dashboard more flexible and adapta-
ble to instructors’ needs: (1) providing feedback on students’ learning activities and perfor-
mance, (2) identifying and treating at-risk students, and (3) exploring students’ individual
performance. This is aligned with the goals identified by Park and Jo (2015) in their review
of LADs.

Despite VISIR-DB offers several visualizations and analyses of the students’ work,
there are some limitations and some desirable features that are still work in progress. These
are presented here to give a more realistic picture of our current LAD for VISIR, and our
roadmap for the next few years.

First, the analysis of the VISIR traces presented here is not readily available for any
implementation of VISIR. While any remote laboratory requires sending messages from
the client to the remote lab server, these messages are not often recorded so they can not
always be analyzed. Whether the messages are collected or not, depends on the remote lab
managing system (RLMS) being used and its configuration. In the VISIR implementation
used in this research, the WebLab-Deusto RLMS (Orduiia et al., 2018) is being used and
the traces of the users’ actions are recorded.

Second, the process of collecting the traces and filtering them to select dates, users and
circuit types (i.e. DC or AC) is not automated, and data have to be manually pulled from
the database. Filtering is also done ad-hoc either in the query to the database or as a data
preprocessing step before loading them to VISIR-DB.

Third, we are also aware that the construction and interpretation of both the circuits and
the work indicators is not trivial. Different features and helper tools are being thought to
overcome these issues.

Fourth, the whole process needs to be streamlined to facilitate quick feedback to the
instructors. In this sense, there is an on-going project to add a function to export a report
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from VISIR-DB which could provide additional guidance to the instructors in interpreting
the analyses of the traces.

And last, we plan to eventually investigate providing real-time feedback to the remote
lab users, such as different forms of automatic assessment, increasing in this way the use-
fulness of the LAD.

Besides these essentially technical aspects, exploring the way to convert this informa-
tion into relevant LA interventions is also on the way. Then, the impact of VISIR-DB on
the learning process shall be assessed.

Beyond VISIR-DB, our research provides valuable insights for designing LADs for
other remote labs. From our experience, it is important to record fine-grained logs of users’
work. This information must be processed to ensure that equivalent actions produce com-
parable outcomes; mirroring the normalization and simplification processes used in VISIR-
DB. Additionally, comparing users’ activity with a priori expected outcomes serves as an
effective method for assessing individual performance. Finally, summarizing the results in
appropriate visualizations is critical to facilitate the interpretation of the collected data.
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