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Abstract: Over the past few decades, the incipient growth of technology applications sustained by
electronics has contributed to the adaption of learning programs in many engineering degrees at
university, fostering the presence of electronics subjects. This highlights the paramount importance of
improving the teaching of electronics, especially in the first years of Bachelor’s degrees in engineering.
However, despite the fact that the teaching programs have been periodically renewed with more
practical sessions, the students’ outcomes are still noticeably low. So far, results only confirm
improvements in the students’ performance in the resolution of electronic circuits. Nonetheless, this is
generally subject to the application of repetitive circuit resolution models, to the detriment of the
real and active understanding of electronic principles. In this context, this study assesses the
actual efficacy of different ICT (Information, Communication and Technology) resources, introduced
into an electronics course, taught in an engineering Bachelor’s degree, within the Spanish official
university system. These resources have been sequentially introduced during five consecutive years.
We have conducted a statistical analysis to infer whether all the resources are equally relevant for
the achievement of the students or not. In addition, we have designed a survey to measure the
perceived improvement in the understanding of concepts, acquired competences, and reported
satisfaction and attitude towards the use of specific resources during the program. Amongst others,
LMS (Learning Management System) support, online PBL (Problem-Based Learning) activities,
and CSA (Circuit Simulation Applets) have been considered. Overall, the designed learning program
has been intended to provide students with long-term references to enrich their resources’ background
regarding electronics.

Keywords: electronics; electronic circuits; simulation; ICT learning

1. Introduction

It is widely acknowledged by the research community that many students present severe
misconceptions about the essentials of electronics [1,2]. This is not an exception when it comes to
engineering degrees [3–5]. In the recent years, many efforts have been made regarding the analysis of
the main difficulties experienced by students [6,7]. Different studies have been principally focused on
the understanding of the behaviour of simple electronic circuits [8] and the reasoning they tend to apply
to general purpose electric and electronic circuits [9], and even under more complex casuistry [10].
It is generally admitted that students are prone to conceive a wrong physic model for simple circuits,
which they normally associate with incorrect macro models, assuming that electric current acts as a
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flow of a given magnitude that circulates throughout a pipe. Undoubtedly, this misconception leads
to wrong assumed effects regarding the micro interactions over the circuit, and in presence of active
electronic components [11].

Another important aspect to study involves the teaching roles and the influence of the teacher on
the significative learning acquired by the students [12]. As described above, many works have
focused on the difficulties and misconceptions on the students’ side. However, more recently,
some authors have also concentrated on analysing: (i) teachers’ conceptions of electronics [13];
(ii) teachers’ awareness of students’ misconceptions [14]; (iii) teachers’ attitude to new active learning
strategies [15]; (iv) introduction of innovative learning programs [16,17].

Amongst the possible interventions to promote active learning in electronics, a variety of
acknowledged alternatives have been proposed. On the one hand, most up-to-date approaches rely on
the virtualization of laboratories in order to enhance the autonomous learning [18,19], and sometimes
through online courses [20–22], or even supported by the use of mobile apps [23,24]. On the other
hand, former contributions were more determined to the improvement of the learning programs
and strategies [25–27]. Some other successful results have been reported by designs sustained
by collaborative work frameworks [28–30]. Another widely accepted solution, which permits
extrapolating diverse range of applications [31–33], introduces simulation tools in order to aid in
the learning process [34–36]. To our understanding, there is a long list of possible combinations to
integrate the use of such simulation tools to redesign the teaching programs. These have largely
demonstrated their effectiveness to achieve promising results regarding the significative and active
learning of the students.

Notwithstanding that traditional strategies for teaching electronics cannot be redesigned from
scratch. Ohm’s and Kirchhoff’s laws are always essential, and must be taught from the first introductory
lessons. In this sense, this work proposes a blended designed of a general program which combines
the use of different ICT resources with a traditional teaching approach, during five consecutive
academic years. The participants correspond to several undergraduate engineering groups who are
immersed into their second year of degree. In particular, the course deals with the basic aspects of
electronics. The typical teaching, based on master classes, has been fused with several additional
activities: (a) hands-on laboratory sessions; (b) PBL activities to work in groups (both in person and
online); (c) materials and activities accesible online through an LMS platform; (d) CSA, developed
in Java [37], to provide students with a simulation complement to the theory explanations, to the
practical sessions, and to reinforce the student’s autonomous comprehension when dealing with circuit
resolution exercises; (e) periodic assignments (several exercises to be solved with both, the online
applet, CSA, and analytically). Within this framework, we intend to promote an autonomous and
active learning, under the supervision of the instructors.

Finally, we have been able to assess the real enhancement of students on the learning of
electronics, considering different indicators of achievement and the use of each resource. To that
end, we have statistically analysed different aspects over these five academic years. This work
postulates that not all the resources are equally significant for the student’s outcomes. Despite the fact
that possible correlations between the use of ICT resources and the grades may be intuited, the real
influence of technology resources on the students is rather related to the specific type and use of
such technology [38], within the general learning program. Another aspect worth considering is the
level of engagement perceived in the students [39,40]. According to this, a specific survey has been
designed in order to evaluate the improvement perceived by students on their concepts’ understanding,
competences achievement, satisfaction, and attitude towards the use of certain resources within the
program. The questions of this survey were validated by a group of experts, constituted by five
full professors.

Overall, apart from expecting significant and active learning, and the restructuring of the
misconceived understanding of electronics, this design seeks to provide students with long-term
background resources, which they can use for their own purpose in the near future.
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2. Methodology

2.1. Purpose

The underlying framework of the learning program studied in this work has been established in
accordance with the data released by the New Media Consortium (NMC) and the Educause Learning
Initiative (ELI) for the last Horizon report in higher education [41]. Hence, this learning program has
taken into account the following general milestones:

(a) Promoting deep and active learning approaches.
(b) Promoting the experience design of blended learning.

Likewise, as per the Horizon challenges:

(c) Improving digital literacy and digital skills.

2.2. Objectives

Once the framework has been defined, the following specific objectives have been devised:

(i) Enhancing active learning regarding physic magnitudes within electronics: voltage, current, power.
(ii) Solving and comprehending practical exercises and the operation of real electronic circuits.
(iii) Providing students with ICT support resources for the active learning of electronics.

2.3. Expected Outcomes

The main outcomes initially expected from the implementation of the program are:

(i) Improving the comprehension of essential electronics concepts and physic magnitudes.
(ii) Contributing to the enrichment of the student’s background with related resources.
(iii) Promoting the self-autonomy and entrepreneurship amongst students with blended

learning platforms.
(iv) Introducing digital tools and ICT resources.
(v) Obtaining a comparative analysis to determine whether specific resources are significant enough

for the achievement of the students.

2.4. Course Structure and Participants

This course comprises contents regarding the essentials of electronics. It is taught during the
second year of a Bachelor’s engineering degree. The concepts, fundamentals and techniques taught in
this course are common to many engineering degrees, and it could be even extrapolated to similar
STEM degrees in other education institutions. Due to this fact, this course is simultaneously taught in
three different engineering degrees which share core subjects up to the third year: Mechanics, Energy,
and Electronics and Automation Bacherlor’s degrees. The students enrolled in this course have also
taken a former subject which addresses the key principles of electric circuits resolution, based on the
Ohm’s and Kirchhoff’s laws. Nonetheless, the average initial level of the students is reported to be
significantly low.

Table 1 synthesizes the contents and the main aspects considered in the structure of the course.
It is organized throughout an entire semester whose length is 15 weeks, with 3 h of theory lessons
per week. After a brief introduction to semiconductors (unit 1) in the first lesson, the rest of the
contents are distributed into three main blocks, which are associated to each unit of content (2-diodes,
3-operational amplifiers and 4-transistors). It is also worth noticing that the theory lessons have a
prominent practical side, since we deal with many activities and exercises, solved by the lecturer
with the participation of the students. Moreover, CSA, the Java applet for circuit simulation, is used
in combination with all the theory lessons to support the analytical explanations. It represents an
advantageous tool for explaining and exemplifying many theory aspects during the lesson, but also to
confirm and compare with the analytical resolution of the exercises. It can be also noted that, at the
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end of each unit, an activity assignment is expected to be handed in by students, through a custom
LMS platform, owned by the university. The students are encouraged to use the CSA to check the
validity of their analytical resolutions for such assignments. Similarly, a final assignment is scheduled
to be handed in during the 15th week. This last task consists of a revision dossier of activities and
exercises to be expressly solved by using such CSA. Please note that the sort of activities and exercises
solved during the lessons are indicated in the footnote of Table 1. As briefly mentioned above, the use
and type of activities devised with CSA have been conscientiously designed so as to match with real
aspects that students deal with during the hands-on sessions, and in following subjects and courses.
All the activities represent real electronic circuits with direct relation to the most common difficulties
detected in the students. The straightforward relationship between the activities and further real
electronic applications demonstrates positive level of engagement amongst students. Applications
such as instrumentation amplifiers for sensor measuring, clipping and clamping circuits for AC/DC
conversion, or voltage regulators (see Table 1) are examples of high engagement amongst students.

Table 1. Course structure: schedule with theory and practical lessons, contents, assignments and use
of resources.

Theory Lessons

Week Unit Content Description Assignments (LMS)

1 1 Semiconductors Basic electronics; semiconductor operation and circuital
models.

Initial survey.

2 2 Diodes Physical operation and circuital models. Exer.a,b -
3 2 Rectifier circuits. Exer.c -
4 2 Filter and modulation circuits. Exer.c -
5 2 Clipping and clamping circuits. Exer.c,d -
6 * 2 Voltage regulator circuits. Exer.c,d Unit 2.

7 3 Operational
Amplifiers (AO)

AO operation and examples. -

8 3 AO circuital parameters. Exer.a,b -
9 * 3 Application circuits. Exer.c,d Unit 3.

10 4 Transistors BJT operation, parameters and examples. -
11 4 BJT AC-configurations. Exer.a,b -
12 4 BJT amplifiers. Exer.c -
13 4 Field-effect transistors’ operation. Exer.a,b -
14 * 4 MOSFET and JFET amplifiers. Exer.c Unit 4.
15 * 4 Application circuits. Exer.c,d CSA activities. Final

survey.

Laboratory Hands-on Lessons

8 1 Review seminar on Circuit Simulation Java applet. -
9 1 Practical seminar on Circuit Simulation Java applet. -

10 2 Application circuits with diodes. Rectifier circuits. -
11 2 Application circuits with diodes. Clippling and clamping

circuits.
-

12 3 Application circuits with AOs. Amplifiers circuits. -
13 3 Application circuits with AOs. Logical circuits. -

14 4 DC application circuits with transistors. DC sources. -
15 4 AC application circuits with transistors. AC-amplifier

circuits.
-

* Problem-Based Learning sessions (PBL). a Conceptual: short answer.b Conceptual: multiple choice
answer. c Practical: solving circuits. d Practical: designing circuits.

Finally, 4 tutorials sessions of 2 h each, are scheduled in weeks 6th, 9th, 14th, and 15th, to empower
face to face work groups, aiming at the resolution of PBL activities and exercises. Nevertheless, students
have additional time to work collaboratively in these tasks through the LMS platform. It is also worth
mentioning that a custom survey is passed to students during the initial and final weeks of the course,
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(1st and 15th, respectively). The intention is to obtain a complete insight of their improvements, seen
from the student’s perception. The understanding of concepts, competences acquisition, satisfaction
and attitude towards the program are assessed in this survey.

In addition, during the eight last weeks of the semester, 8 hands-on sessions are scheduled in the
laboratory of electronics (2 h each). Here, the main principles and theory concepts studied in each unit
are experimented in the laboratory by designing and assembling real electronic circuits, and measuring
the output variables with the specific instrumentation and acquisition equipments.

The procedure followed during the 15 weeks of this program may be depicted in terms of a
diagram, as represented in Figure 1. It is important to note that students are expected to take a final
exam after the course has finished. Despite the fact that students are encouraged to go through the
described program with planned assignments, hands-on sessions and tutorials, the only real requisite
to pass the course is to obtain a mark of 50 out of 100 in that final exam.

Figure 1. Synthetic diagram for the learning program.

ICT Resources

Once the main structure of this program has been overviewed, now Table 2 presents the
chronology of the inclusion of ICT resources over the last five academic years, from 2013/14 to 2017/18.
As briefly described in Section 1, the ICT resources consist of the following parts: (a) hands-on
laboratory sessions; (b) problem-based learning (PBL) sessions, where collaborative resolution of
activities and exercises are carried out, in both formats, in person and online sessions (through the
LMS platform); (c) interactive materials available on the LMS platform, with documents associated to
the theory lessons, solved activities and exercises. This prevents students who cannot attend the in
person lessons from losing the plot of the course; (d) circuit simulation applet (CSA) to complement
theory lessons; (e) an assignment of a revision dossier of activities, to be handed in during the last
week of the course. In particular, this dossier was intended to make students extract further insights
into the main electronic concepts involved in the course. Figure 2 shows the Java interface of the CSA,
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with an example included in the dossier of activities. All these activities supported by ICT resources
have been included with the aim of reinforcing the active and autonomous learning. They are also
aimed at promoting the students’ autonomy, allowing them to create their own understanding of the
concepts, with the supervision of the instructors.

Table 2. Inclusion (X) of ICT resources per academic year.

Year 2013/14 2014/15 2015/16 2016/17 2017/18

ICT resource

LMS: theory lessons 7 X X X X

LMS: solved class exercises 7 X 7 X 7

PBL sessions 7 7 X X X

LMS: unit activity assignments 7 7 7 X X

CSA: lesson support and assignment 7 7 7 7 X

Figure 2. Java interface of the CSA (Circuit Simulation Applet). Example of activity considered in the
revision dossier to be handed in.

2.5. Assessment: Survey Design

Several assessment strategies can be applied to this program. The most straightforward one is the
analysis of data from the grades obtained by the students in the assignments. In addition, a specific
survey with two parts has been designed to be filled in during the first and final weeks of the course.
The goal is to measure the level of improvement as perceived by the students after they finish the
course. Special attention is paid to the understanding of concepts, competences acquisition, satisfaction
and attitude to the program with the use of ICT resources such as CSA.

Table 3 summarizes the contents and aspects evaluated by the different subsets of questions
included in the survey. The first block (questions 1–5) contains questions about basic electronics
principles: physic magnitudes; general circuit laws. The second block (questions 6–10) consists
of questions regarding simple circuits resolution; signals interpretation; graphical representation;
and behaviour of simple active components. The third block (questions 11–12) is intended to evaluate
the background of resources that students possess. The fourth block (questions 13–14) is aimed at
assessing the actual use of ICT resources made by students as a support for their learning. Finally,
the last block (questions 15–17) is devised to measure the general motivation amongst students
towards the learning of electronics, but more particularly, to quantify the benefits experienced during
the implementation of the program and their attitude to it. All these questions were answered in a
discrete Likert scale from 1 (absolutely disagree) to 5 (absolutely agree). The blocks of questions were
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validated by a group of experts, formed by five full professors with extensive teaching experience in
this field.

Table 3. Description of the content in the survey.

Initial/Final Survey

Questions Assessed Concepts Indicators of Achievement

1–5 Basic electronics. Have students acquired knowledge about
the essentials of electronics?

6–10 Circuits resolution. Are students able to apply the fundamental
laws of circuit resolution?

11–12 ICT resources availability. Do students have enough ICT resources to
support their learning on electronics?

13–14 Use of ICT resources. Do students often use ICT resources to
support their learning on electronics?

15–17 Attitude to CSA resources. Do students value positively the CSA
activities conducted, as a relevant resource
for supporting their learning?

3. Results

This section presents the results regarding the main analysis carried out in the study. The purpose
is to demonstrate the possible implications between the use of specific ICT resources during the
course and the actual improvement of the students on the learning of electronics. Before producing
statistical inferences, it is worth observing the evolution of the final grades obtained by students
during each academic year, as listed in Table 4. This table presents the grades subdivided into six
ranks of achievement. The percentages for such six ranks are expressed as a portion of 100% percent,
which equals the total number of students who took the final exam. The dropout rate is expressed as a
portion of the total number of students enrolled in the course, as indicated in the second row of the
table. It may be noticed that a positive tendency is appreciated over the last third last years (2015/16
to 2017/18). A lower percentage of students who fail to pass the course may be appreciated over these
years. Additionally, there is a percentage reduction of the students who drop out of the course and do
not take the final exam (up to 11.67% in the last year).

There is also a positive redistribution of grades which is clear in the last year, with a larger number
of students obtaining higher grades (within the first rank, 90–100 [A, A+]). Another straightforward
deduction may be extracted from inspecting Table 2. It may be assumed that the ICT resources
included during the last three years, such as PBL sessions, activity assignments through the LMS
platform, and the use of CSA, have had a positive impact on such positive tendency. Nevertheless,
these interpretations have to be complemented by formal and consistent analysis. Next subsection
presents comparative results sustained by statistical analysis.

Table 4. Students Grades.

Grades Students
2013/14 2014/15 2015/16 2016/17 2017/18

206 286 289 313 258

90–100 (A, A+) 2.02% 0.56% 1.13% 1.26% 4.31%
80–89 (B+, A−) 6.06% 4.44% 5.08% 6.29% 11.21%
70–79 (B−, B) 5.05% 6.67% 10.17% 8.81% 10.34%
60–69 (C−, C, C+) 11.11% 7.22% 10.73% 13.84% 12.93%
50–59 (D) 17.17% 18.89% 20.90% 20.13% 13.79%
<50 (E, F) 58.59% 62.22% 51.98% 49.69% 47.41%

Dropout 37.59% 39.93% 29.74% 21.12% 11.67%
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3.1. Statistical Analysis

As commented in the previous subsection, some positive results may be extracted from inspecting
the grades obtained by students. However, it is necessary to go beyond in a formal statistical analysis
to obtain reliable implications between variables. The large number of enrolled students, as depicted
in Table 4, permits producing consistent statistical results. Please note that the experimental setup
did not consider control groups. This can be part of future work to be established during the next
academic courses.

In this context, Table 5 presents several statistical parameters in order to determine possible
dependencies between the grades obtained and the total number of ICT resources used during each
academic year. The variable n represents the number of resources, from n = 0 in year 2013/14, to n = 4
in years 2016/17 and 2017/18 (see Table 2). Please note that the grades are still subdivided into ranks of
achievement, being processed quantitatively as the marks obtained by students, up to the fifth decimal.

To this purpose, Pearson’s and Spearman correlations have been computed, denoted as rp and rs,
respectively [42]. It can be noticed that only the first rank of grades (80–100), shows a slight correlation,
rp = 0.1784, with the number of ICT resources used during the course. Moreover, the tstudent test [42]
is carried out in order to check whether there is a significant variation between samples. Specifically,
the critical level for the test is ttest(

α
2 ; n − 1) = 3.1824, with a confidence value of α = 0.05. n = 4

represents the maximum number of ICT resources included in the course for each academic year.
The null hypothesis, H0, assumes that there is not a significant variation between the mean and the
variance of the samples. Therefore, a linear dependence between grades within such ranks and the
number of ICT resources would be confirmed. H0 is validated by means of the tstudent test, whose values
do not surpass the critical values of the test. That is, tstudent < ttest (0.2560 < 3.1824, 0.1158 < 3.1824,
etc). In addition, the associated p-values for such computed tstudent are greater than the confidence
value α (0.1842 > 0.05, 0.1540 > 0.05, etc). As a result, this permits validating the null hypothesis H0.

Table 5. Correlation and tstudent test between the grades obtained by students, and the number of ICT
resources used during each course.

Grades rp rs p-Value tstudent ttest( α
2 ;n−1)

80–100 0.1784 0.1451 0.1842 0.2560 3.1824
60–79 −0.1207 −0.1072 0.1540 0.1158 3.1824
50–59 0.0221 0.0341 0.8006 −0.2532 3.1824
<50 0.2242 0.1776 5.8 × 10−6 −0.1314 3.1824

The previous test, presented in Table 5, can be considered as an initial evidence of dependency
between the grades and the number of ICT resources used in the course. However, such dependencies
are still slight. In consequence, we have produced a more consistent and general test, the χ2 test
(chi-squared), for categorical variables [42]. In this case, the grades have been qualitatively computed
over a contingency table. We registered the number of ICT resources used by each student within the
same ranks of grades expressed in Table 5. Now Table 6 shows the computed χ2 values, as well as
a set of parameters to measure the level of association. Here, the null hypothesis, H0, refers to the
independence of variables, which are again the grades obtained within each rank, and the number
of ICT resources used during the course. Such hypothesis is rejected, since the computed χ2 values
are greater than the critical, χ2 > χ2

test, and the corresponding p-value is lower than the confidence
value (13.0236 > 7.8147 and 0.0021 < 0.05, respectively). This test confirms again the dependency
between variables. The rest of the parameters show low levels of association. Either χ2/n, (also known
as φ), the general and corrected contingency coefficients, C and C∗, and the Cramer’s coefficient, V.
Ranges for these parameters are indicated inside brackets.
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Table 6. Association parameters and χ2 test between the grades obtained by students and the number
of ICT resources used during the course. The test has been computed qualitatively, with grades
considered as categorical variables.

Variables χ2 χ2
test(α,n) p-Value χ2/n [−1–1] C [0–0.8165] C* [0–1] V [0–1]

No. of ICT resources 13.0236 7.8147 0.0021 0.0392 0.1972 0.2415 0.1422

At this point, the statistical tests presented in Tables 5 and 6 have only proved low level of
association and dependency between the grades obtained by the students and the number of ICT
resources used during the course. This made us devise more specific tests, in order to check whether
certain resources are more relevant than others. In this sense, Table 7 presents similar results than
Table 5. Here, we have quantitatively analysed the grades obtained by the students who have
used certain resources (activity assignment through the LMS, PBL sessions, and CSA assignments).
The attendance has been also considered for this test. It is worth noticing that the grades are now
globally computed [0–100], without any particular classification within ranks.

The Pearson’s and Spearman’s correlations, rp and rs, demonstrate intermediate correlations ('0.3)
between the grades, and the rest of variables considered. In particular, the use of CSA, with rp = 0.7606,
provides the highest and more significant level of correlation. This is a more consistent result which
allows us to identify CSA as a relevant resource for the achievement of students, with a considerable
linear dependency on the grades. Moreover, the rest of the analysis is completed by another tstudent test.
In this case, the null hypothesis, H0, implies the independency between variables. The only variable
which rejects H0 is the use of CSA, since tstudent > ttest and its p-value < α (9.2072 > 2.0518 and 9.1 ×
10−10 < 0.05, respectively). Therefore, it is proved that, rather than using other resources or attending
the sessions of the course, the use of CSA resources provides a significant and linear dependency
on the grades of the students. Hence we can preliminary envisage that not all the ICT resources are
equally relevant for the achievement of the students.

Table 7. Correlation and tstudent test between the grades obtained by students and the use of units
assignments; PBL sessions; CSA; sessions’ attendance.

Variables rp rs p-Value tstudent ttest( α
2 ;n−1)

Units assignment 0.3099 0.2839 0.0716 −1.867 1.9935
PBL 0.3925 0.2517 0.3885 0.1995 2.0195
CSA 0.7606 0.7778 9.1 × 10−10 9.2072 2.0518
Attendance 0.2505 0.2235 0.093 −2.7726 1.9806

In addition, we have also produced another qualitative test, in order to evaluate the relationships
between the use of the same resources presented in Table 7 and the qualitative grades: pass or fail.
According to this, we have generated a contingency table with categoric grades, as a qualitative and
dichotomic variable [0 = fail, 1 = pass]. The results of the χ2 test may be observed in Table 8. These data
correspond with the last academic year, 2017/18, since it is the only year in which CSA has been
used. In this manner, we intended to avoid possible biases resulting from the variables of other years.
We assume H0 as the null hypothesis for the independency of variables. It can be confirmed that
such hypothesis is rejected by the variable associated to the use of CSA resources, since χ2 > χ2

test,
and its p-value < α (23.7367 > 3.8415 and 5.7391 × 10−7<0.05, respectively). Again, the use of CSA
demonstrates to be more relevant for the students to pass the course, with the highest value of χ2,
but also with the highest values for the rest of the association parameters (χ2/n, C, C∗, and V). They all
show certain level of association between the use of CSA and the pass grade in the course.
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Table 8. Association parameters and χ2 test between the grades obtained by students (pass or fail) and
the use of CSA; units assignments; and PBL sessions.

Variables [0, 1] χ2 χ2
test(α,n) p-Value χ2/n C [0–

√
2] C∗ [0–1] V [0–1]

CSA 23.7367 3.8415 5.7391 × 10−7 0.1854 0.3955 0.2796 0.43
Units assignments 2.1070 3.8415 0.0958 0.0082 0.0907 0.0641 0.091
PBL sessions 1.2697 3.8415 0.1876 0.0079 0.089 0.0629 0.0894

Finally, Table 9 depicts a set of statistics regarding the representative grades per academic year.
These are computed with the grades obtained by those students who passed the course (>50). First,
Table 9 presents the mean grade, its standard deviation (std), the standard error of the mean (sem),
and the median grade. These values confirm the same deduction initially extracted from Table 4,
in which certain positive tendency on the grades may be observed during the last academic years. Here,
the mean grade for the academic year 2017/18 proves to be the highest amongst the five academic
years considered in the study. This might be interpreted as another positive outcome of the use of CSA,
since this resource has only been used during the academic year 2017/18.

Additionally, the kurtosis coefficient [43], g2, and the Pearson’s skewness coefficient [44], Sp, have
also been listed in the table. In general terms, the grades distributions for each academic year are
quite similar. They may be assumed as leptokurtic (g2 >0), hence presenting tails which asymptotically
decrease around the mean. The Pearson’s skewness coefficient shows positive values for all the
distributions. This implies that there exists a positive accumulation over the mean in the grades
distribution. Such fact can be also positively interpreted, since higher marks can be expected over the
mean value.

Despite the fact that the results confirm certain correlation between the use of ICT resources and
the grades of the students, it has been also proved that not all these technology-based resources are
equally significant for the achievement of the students. In particular, the use of CSA is the resource
which does provide a real enhancement of their skills, beyond their grades. This has to do with the
type of activities designed with CSA, in accordance with the general learning program presented in
Section 2, rather than with the grades, exclusively.

Table 9. Representative grades for each academic year.

Year Mean Std Sem Median g2 (Kurtosis) Sp (Skewness)

2013/14 6.677 1.310 0.205 6.800 1.958 0.382
2014/15 6.300 1.255 0.212 6.100 3.269 0.891
2015/16 6.480 1.198 0.130 6.240 2.244 0.517
2016/17 6.665 1.196 0.136 6.280 2.262 0.543
2017/18 7.525 1.346 0.172 6.800 2.064 0.230

3.2. Survey Results

Figure 3 presents the results extracted from the survey, expressed with mean values and their
standard deviation. According to Table 3, the questions of the survey have been divided into two
sets for representation. Questions 1–10, in Figure 3a, correspond to theory content of the course.
Questions 11–16, in Figure 3b, are intended to assess the use of ICT resources. The left axes (in blue)
show the results obtained after completing the survey during the first week of the course; the right
axes (in orange) show the results obtained after completing the survey during the last week of the
course. It can be observed that the mean values reflect a considerable increase in almost all the set of
questions. This generally proves the positive perception amongst students. They perceived higher and
improved understanding of concepts, competences acquisition, satisfaction and attitude to the use of
ICT resources, such as CSA, once the course has finished.
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Figure 3. Left axes �: survey results acquired during the 1st week of the course. Right axes �: survey
results acquired during the 15th week of the course. Questions 1–10 (a). Questions 11–16 (b). Results
are expressed with mean values and standard deviation.

4. Discussion

The previous section has presented an in-depth statistical analysis from which several deductions
can be inferred. Firstly, Table 4 revealed a positive tendency on the grades over the recent academic
years. It is also worth mentioning the considerable decrease of the dropout rate, over the last three
years. This can be assumed as a positive outcome associated to the introduction of specific ICT
resources during the recent academic years, as denoted in Table 3.

Secondly, it was necessary to determine whether the use of certain resources was relevant enough
for the achievement of the students. In this sense, Table 5 presented correlation results between the
grades obtained by the students, and the number of ICT resources used during the course. These results
only showed a low correlation for the highest rank of grades. Moreover, a tstudent test confirmed the



Electronics 2019, 8, 264 12 of 15

linear dependency between the grades and the number of ICT resources used in the course. Similarly,
Table 6 depicted results from a categorical analysis, counting students within ranks of grades and
the number of ICT resources used during the academic year. Here, the χ2 test also confirmed the
dependency between such variables.

After this dependency was proved, the next step in the analysis seeked to identify whether
certain resources were more relevant than others, and if so, which one specifically. Table 7 comprised
correlation results between the quantitative grades ([0–100]), and the use of different resources such as:
units assignments through the LMS platform; PBL sessions; CSA, and the attendance to the sessions.
The highest correlation is observed for CSA, with a more significant value (>0.7) than the others.
Furthermore, the use of CSA is the only variable which presents dependency with the obtained grades,
according to the tstudent test. Besides this, Table 8 also supports the same deduction. In this case,
the grades were processed categorically, being considered as pass or fail grades. Again, according to
the χ2 test, the use CSA is the only resource which confirms a significant dependency on obtaining
the pass grade in the course. These results proved that CSA is the only significant resource for the
achievement of the students, in terms of grades.

Next, a final descriptive outline has been represented in Table 9. Like in Table 4, the mean grades
demonstrate certain increase over the recent academic years.

Finally, Figure 3 has confirmed the positive outcomes perceived by the students, once the course
has finished. The designed survey was completed during the first and the last week of the course,
respectively. The comparison results clearly proved the increased perception amongst the students,
regarding the understanding of concepts, competences’ acquisition, satisfaction and attitude to the use
of CSA resources, once the course has finished.

5. Conclusions

This work has presented a study focused on a learning program designed to promote an active
understanding of electronics. It has been extensively reported in the literature that, despite the fact
that learning programs are being periodically renewed with more practical contents, programs still fail
to provide students with valid outcomes and skills for their near future as engineers. In this sense,
this program has intended to promote consistent competences and capabilities associated to an active
and significative learning, according to the milestones recently established by the Horizon challenges
in Education.

In particular, the course corresponds with an electronics subject, taught in the second year of
a Bacherlor’s degree in engineering, within the Spanish official university system. The inclusion of
different ICT resources has been devised to enrich the students resources background and to promote
their autonomy. In this manner, they are allowed to build their own learning with the support of
beneficial resources, with the supervision of the instructors. Different resources have been introduced,
such as LMS (Learning Management System) support, online PBL (Problem-Based Learning) activities,
and CSA (Circuit Simulation Applets).

Under this framework, a particular study was arranged to assess the efficacy of the different
ICT resources, over five consecutive academic years. The statistical analysis of the grades suggests
that the use of all the available resources does no necessarily imply that students obtain an improved
achievement. Thus we have tested whether some resources are more relevant than others for the final
outcomes of the students. The results demonstrate that the use of CSA is the only resource which
confirms a significant dependency on the achievement of the students. This is closely related to the
type of activities designed, which tried to match real electronic applications and general difficulties
that students usually encounter. In consequence, the activities help students construct their own
knowledge, by guiding them towards an active learning, supported by the general learning program.
The engagement was measured with observation registers. Additionally, we have also designed a
survey to measure the students perception regarding their improvement in terms of: understanding of
concepts, acquired competences, satisfaction, engagement and attitude to the use of CSA resources
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during the program. The survey results confirmed the wide acceptance and positivity towards the
program amongst the students.
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