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Abstract: Active learning is a paradigm where students take a more active role in their learning
process. In this paper, two team-based evaluation activities are established for students according
to the principles of active learning in order to assess their knowledge, skills and attitudes. These
activities were based on scenarios related to network administration issues, and at a later stage, each
team had to make a pitch presentation about what they did and how they did it to address them. Each
presentation was rated by all students with a specific construct on a peer review basis, which had
previously been validated by a panel of experts. The results obtained revealed quite high values with
low variability and an acceptable reliability. Additionally, the level of motivation was also assessed,
indicating a high level of motivation while undertaking the activities.
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1. Introduction

Active learning is a broad concept, which has received much interest in recent years.
The first thing to note is that active learning is not a matter of learning, but a matter of
instruction [1]. Here, the role of instructing students turns from the teacher’s lectures in
traditional learning to the student’s interactive and hands-on activities in active learning [2].
This new paradigm has been applied in all education fields [3], where many reports suggest
an increase in students’ performance [4], with the results reported in STEM fields being
significantly positive [5].

Furthermore, it has been reported that the use of active learning methodologies
positively impacts learner’s well-being, related not only to their academic accomplishment,
but also to their physical, emotional and social lives [6]. Likewise, it also furnishes them
with multiple competences not only related to technical skills, but also to soft skills [7].
Nonetheless, active learning sometimes faces some degree of resistance for many reasons,
such that students may feel unfamiliar with this approach [8], or students may prefer
learning strategies involving lower effort. This is the case of listening to lectures, in spite of
better performance being achieved with active learning [9].

One key concept in active learning is digital competence, as using digital tools in active
learning contexts contributes to enhanced academic performance, along with improved
participation and involvement [10]. Hence, digital competence can help achieve more
inclusive and higher quality education [11]. Digital literacy typically refers to ICT skills
and ICT usage [12], though other factors also need to be considered, such as safety, problem
solving, digital content creation, ethics, communication and collaboration [13].

Digital competence encompasses the set of knowledge, skills, and attitudes that
enables and ensures universal access to information [14], and which supports critical and
creative usage of ICT and digital media [15]. In this sense, the integration of technology in
the classroom for education purposes can help students to achieve digital competence [16]
and, at the same time, enabling teachers to free up time in order to take care of students
who need extra support [17]. In a broader sense, digital competence may be seen as the
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safe and critical use of technology for work, leisure and communication [18], despite its
changing, transversal and flexible nature [19]. Digital competence is crucial and strategically
important in the process of digital transformation that the world is undergoing [20].

Digital competence is also considered to be a key factor for social inclusion and quality
of life, as it empowers citizens to participate in an ever-increasing digitalized society [21].
In this regard, Bilbao et al. presented a review of the level of digital competence in college
teachers, stating that the level is moderate and that some areas need to be improved, such as
reflective practice and learner empowerment [22]. Similarly, Martín-Párraga et al. analyzed
different assessment frameworks for teachers, such as the European DigCompEdu and the
Spanish “Marco de Referencia de la Competencia Digital Docente” (MRCDD), concluding
that these models need to be enhanced [23].

Saltos et al. claimed that a high percentage of studies devoted to measuring digital
competences fell short in terms of the validity and reliability of the measurements ob-
tained [24]. Pérez-Escoda et al. described a study focusing on different areas of digital
competence, such as use, learning, and critical thinking, which exhibited significant differ-
ences among both areas and countries [25]. Cabrero-Almenara et al. proposed the creation
of teaching and counseling plans in order to develop the digital competence required in
order to keep up with societal knowledge [26].

Ariz et al. analyzed the acquisition of digital competence at different educational
levels, showing that the use of smartphones as learning tools is superseding the use of
traditional PCs, with the use of messaging apps for digital learning being increasingly used
as part of learning management systems (LMS) [27]. Fernández-Luque et al. presented a
study on digital competence, focusing on communication, safety, and problem-solving [28].
López-Belmonte et al. reported a similar study in which the level of study and the type of
work was shown to determine the degree of digital competence [29].

Digital competence is suggested to involve different areas according to the framework
used. For instance, the DigComp framework proposes five competence areas, such as
information, communication, content creation, safety and problem solving, with 21 further
competences defined within these competence areas [30]. According to the DigComp
framework, it is suggested that the knowledge and skills related to information searching
are the most central, followed by those related to safety and communication, whilst those
relating to content creation and problem solving are less emphasized [31]. It should be
noted that publications about digital competence in general have grown significantly in
recent years, reflecting a high level of interest in this field for all educational levels [32].

An effective way to improve digital competence is through the use of active learn-
ing, as it has been reported that active methodologies contribute to developing digital
competence [33]. The use of digital tools in active learning environments has been stated
to help improve academic performance and success rate, as well as participation and
involvement [34]. Moreover, academic improvement has been tied to mastering digital
competence, specifically with respect to how the information learned is encoded, how the
information gained is communicated, and how significant knowledge is built [35].

In this context, team-based learning (TBL) can be defined as “an active learning and
small group instructional strategy that provides students with opportunities to apply
conceptual knowledge through a sequence of activities that includes individual work,
teamwork, and immediate feedback” [36]. Hence, TBL not only focuses on the simple
transfer of content, but is also centered on applying the knowledge and skills through
problem-solving techniques, both conceptual and procedural [37]. Furthermore, TBL may
be understood as a student-centered active learning method, which requires less instruction
time than other active learning methodologies [38].

TBL is based on collaborative work in groups of a few students, which can be under-
taken either in-class or on-line, or even in a blended fashion [39]. It has been reported that
TBL improves academic performance, success rate and engagement level [40], as it allows
for a deeper understanding of content. In this way, it can contribute to students being more
effectively prepared for assessment, and thus obtaining improved learning outcomes [41].
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Moreover, TBL can help students to develop other key skills, such as teamwork, coordina-
tion and communication [42], without undermining either knowledge acquisition or the
positive attitudes of students [43].

The teaching objective of TBL is basically to teach students how to think, as opposed
to how to memorize [44]. This is achieved by means of working collaboratively, where
some roles are appointed within a team at their own discretion, such as a spokesperson,
a coordinator, a supervisor, or a moderator [45]. In this way, not only are competences
related to a specific task developed, but also others related to transversal competences,
such as organizational skills, soft skills, or leadership [46]. In addition, learners’ motivation
is another key point when adopting TBL strategies [47], as they can act as a driving force to
boost academic results [48].

There is evidence that engagement is involved in TBL, as well as in many active
learning activities. It has been described not only for STEM education, but also for any
other educational area [49]. For instance, the level of engagement has been cited as the
driving force of academic improvement in different education fields, such as chemistry [50],
business [51], medicine [52], mathematics [53], law [54], or computer science [55]. How-
ever, the level of engagement experienced by students while undertaking active learning
activities has not been explicitly measured in any of those studies.

Therefore, the aim of this article is to introduce an activity set that addresses an unmet
need for engaging learning tools for digital competence, and also to test if the activities
actually meet these requirements. In order to do this, two team-based activities are run for
student evaluation in the context of TBL within a course dedicated to learn the basics of
network administration, with the aim of facilitating students to develop digital competence
and allowing teachers to measure their level of engagement.

The rest of the article is organized as follows: Section 2 presents the methodology used,
where the TBL activities are described, Section 3 displays the results obtained, Section 4
exhibits the discussion about those results, and Section 5 draws the final conclusions.

2. Method

This research has been undertaken in a university course on network administration,
dedicated to managing and maintaining configurations of network devices. The aim of this
course is to provide quality of service and security to traffic flows traveling around a com-
puter network. In addition, this course is part of an engineering degree at a university, such
that students need to obtain a sound background on this topic, as network administration
is one of the potential areas they may enter when they egress college and search for a new
job. The participants are twenty-four fourth year students pursuing Telecommunication
Engineering college degree during the first semester of a 2023/2024 academic year. This
sample is composed of 9 women and 15 men, whose ages range from 20 to 23.

In order to apply the active learning paradigm through TBL in the evaluation of the
lessons studied in this course, two activities have been designed for students to work in
groups. It should be noted that students did not have previous experience in managing and
configuring networks before taking up this course, so the tasks could not be overly complex.
Hence, these activities have been designed in order for students to work in a collaborative
manner. Students have been divided into 6 separate groups, where each one is composed
of 4 members randomly chosen. Therefore, all teams had to work independently, thus they
had the freedom to organize their own strategies, such as working on a whole team basis,
or on a peer review basis.

Each group had to undertake two complex activities, where each one was carried out
in a separate session. These types of activities, or missions, required each group to become
self-organized in order to become more efficient, as the first group clearing an activity
obtained top marks. The ultimate goal of those TBL activities is for students to acquire and
reinforce digital competence, such as data literacy, communication, or problem solving.
Hence, the expected way to gain digital competence is by undertaking engaging active
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learning activities, as quoted in the introduction, considering that this research is part of an
engineering course.

2.1. Team Work 1

The first activity is divided into two similar tasks, whose target is to find a single digit
in each case. The introductory plot of this activity is the following: “A meteorite is coming
straight towards Earth, and if it hits, there will be no survivors. Only the launch of a rocket
can save us, but the person who coded it has just died and has not left any documentation
about it. He only had time to write the activation code but he missed the final two digits.
We must find them!!!”. Moreover, a royalty-free picture taken from the Pixabay website is
attached to get students embedded into the game, which is depicted in Figure 1.

Figure 1. A meteorite is coming to Earth and we need to complete the mission to avoid collision.

The topology layout of the two tasks added within this mission is provided to the
learners in the form of a software application called Packet Tracer. The owner of this
application is Cisco Systems, although its use only requires the registration into Cisco’s
online learning platform called netacad.com. This piece of software was originally designed
to learn the fundamentals of networking, though further functionalities were added at a
later stage, such as those related to cybersecurity and Internet of Things.

Nonetheless, activity 1 does not require the use of Packet Tracer, but it was chosen
because it allows to design network topologies in a straightforward manner. Furthermore,
Packet Tracer is used in the lab session of this course. Both tasks included in activity 1
present the same logical network topology, which is exhibited in Figure 2. However, the ini-
tial conditions of both tasks differ, which lead students to undertake different calculations
to solve each task.

In both tasks within activity 1, students are asked to carry out the following steps,
focusing on the basic concepts of network subnetting:

(a) Find out the appropriate subnetwork addressing scheme.
(b) Assign the IP addressing to the appropriate devices within each subnet, according

to the instructions given in each task.
(c) Select the digits requested in each of the items presented.
(d) Answer the final question related to those digits.
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The logical topology provided for activity 1 exhibits 7 routers connected in a daisy-
chain manner. The layout of these links are a string of Wide Area Network (WAN) links
with the shape of an inverted C, though those WAN connections are irrelevant for the
resolution of the task. Each of these routers has a Local Area Network (LAN) hanging on it,
which is composed of a switch and a pair of end devices. The identifiers for the routers and
switches have been randomly assigned, although the identifiers for the two end devices
within each LAN always contain either an even or an odd number.

Figure 2. Logical network topology involved in both tasks considered in activity 1.

Regarding network addressing, the last address in each subnetwork must be assigned
to the router interface within that LAN. Then, the second-to-last address must be assigned
to the management interface of the switch. In turn, the third-to-last address must be
assigned to the even end device, whilst the fourth-to-last address must be assigned to the
odd end device.

Additionally, a pool of questions is proposed in order to select a specific digit in each
case, which in turn leads to answer the final question. Following are the questions for both
tasks within activity 1:

(i) Last digit of the 4th octet in unicast IP address of PC2.
(ii) First, digit of the 4th octet in broadcast IP address of PC4.
(iii) Last digit of the 4th octet in broadcast IP address of PC8.
(iv) First, digit of the 4th octet in unicast IP address of PC1.
(v) Last digit of the 4th octet in unicast IP address of R4’s LAN.
(vi) Last digit of the 4th octet in unicast IP address of S6.
(vii) Last digit of the 4th octet in unicast IP address of PC9.
(viii) Last digit of the 4th octet in unicast IP address of PC7.

Eventually, the final question asks about which of the selected digits gets repeated the
most among the answers to the eight questions proposed above.

As stated before, both tasks within activity 1 share the same network topology,
the same questions proposed and the same steps to complete the final question. However,
they both differ in their three initial premises, which change the operations to be under-
taken in order to solve each task. These differential points are the subnet mask assigned to
the block of network addresses available, along with the order, and the way to assign the
necessary subnetwork addresses.
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In the first task, the IP address block is 172.16.54.0/26, subnetting must be assigned
clockwise, beginning from the LAN located on top left corner, and the minimum number
of bits needs to be used to accommodate the end devices shown in each LAN.

In the second task, the IP address block is 172.16.54.0/24, subnetting must be assigned
counterclockwise, beginning from the LAN situated just on the right hand side, which is
the one hosting the servers, and the minimum number of bits needs to be used according
to the amount of LANs exhibited.

2.1.1. How to Carry out Activity 1—Task 1

To start with, the block of network addresses 172.16.54.0/26 is proposed to undertake
this task. The goal is to perform subnetting using the minimum number of bits in order to
accommodate the end devices within every LANs according to the network topology and
considering the instructions given above. Furthermore, the sub-blocks must be assigned
clockwise, starting from the LAN located on the top left corner.

The first step is to find out the lowest amount of bits to cover all addresses needed
in each LAN. This amount is 4, as each LAN contains one router, one switch and two end
devices. As it will be seen at a later stage, it is not possible to assign only 2 bits, even
though 22 = 4, because one of those addresses has to be reserved to identify the network
address, whereas another must be booked to identify the broadcast address. Therefore, it is
necessary to use at least 3 bits to assign the host part of each IP network address, as 23 = 8.
Hence, as it is necessary to assign 3 bits for the host part of each network address, then
its network part is extended up to cover 32 − 3 = 29 bits, as an IP address is composed of
32 bits overall. Thus, its network part covers 29 bits and its host part includes 3 bits.

The original network mask is 26 bits long, so it is necessary to dedicate the amount
of 29 − 26 = 3 bits to carry out the subnetting in order to assign the least amount of bits
for the host part. This provides 23 = 8 subnets available, which is greater or equal to the
number of subnets needed, namely 7, thus the 8th subnet will not be used. On the other
hand, each of those subnets will have a subnet mask of 26 + 3 = 29 bits, whose counterpart
in dotted decimal notation is 255.255.255.248. In summary, each of the 7 subnets has 29 bits
for the network part and 32 − 29 = 3 bits for the host part.

Therefore, the first subnetwork address is the initial block with a subnet mask of /29,
and the successive ones are found out by adding up 232−29 = 23 = 8 to the fourth octet
of the predecessor ones. Table 1 exhibits the subnetwork addresses resulting from these
operations, where each subnet is assigned to a LAN, starting with the one connected to the
router located in the top left corner, and moving clockwise, as stated in the instructions.

Table 1. Subnetwork addresses involved in Activity 1—Task 1.

Subnet Id Subnetwork Address Router Acting as Default Gateway

1 172.16.54.0/29 R5

2 172.16.54.8/29 R4

3 172.16.54.16/29 R3

4 172.16.54.24/29 R2

5 172.16.54.32/29 R1

6 172.16.54.40/29 R0

7 172.16.54.48/29 R6

8 172.16.54.56/29 unused

After that, the second step is geared to assign the IP addressing to the devices within
each subnet, according to the instructors given above. It should be noted that the first
address in each subnet is the subnetwork address, which identifies the whole network,
whereas the last address is the broadcast address, which allows us to send traffic to all



Educ. Sci. 2024, 14, 721 7 of 31

devices within that network. The usual way to assign IP addresses within a network is to
exclude those instances from the available addresses to be assigned, thus there is a total
amount of 232−29 − 2 = 23 − 2 = 6 host addresses available in order to be assigned to
devices within each subnet. Table 2 displays the IP address assignment of the fourth octet
for the devices within all LANs, according to these operations.

Table 2. Address assignment’s 4th octet for LANs involved in Activity 1—Task 1.

Fourth Octet
of the IP Address

LAN
R5

LAN
R4

LAN
R3

LAN
R2

LAN
R1

LAN
R0

LAN
R6

Network address 0 8 16 24 32 40 48

Broadcast address 7 15 23 31 39 47 55

Last usable address 6 14 22 30 38 46 54

Second-to-last 5 13 21 29 37 45 53

Third-to-last 4 12 20 28 36 44 52

Fourth-to-last 3 11 19 27 35 43 51

Afterwards, the third step involves a battery of eight questions proposed in order to
extract information related to the digits used in the IP addressing, which are used as clues
when solving the final question. All those questions ask for a specific digit related to the
table shown above, where only a particular digit within the fourth octet in decimal format
of a given IP address is searched for. Table 3 exhibits these questions, along with the IP
address of the fourth octet in dotted-decimal notation for each device referred to and the
specific digit requested in each case.

Table 3. Questions related to the requested digits involved in Activity 1—Task 1.

Id Question 4th Octet Digit
Requested

Q1 Last digit of the 4th octet in unicast IP address of PC2 12 2

Q2 First digit of the 4th octet in broadcast IP address of PC4 47 4

Q3 Last digit of the 4th octet in broadcast IP address of PC8 55 5

Q4 First digit of the 4th octet in unicast IP address of PC1 19 1

Q5 Last digit of the 4th octet in unicast IP address of R4’s LAN 14 4

Q6 Last digit of the 4th octet in unicast IP address of S6 45 5

Q7 Last digit of the 4th octet in unicast IP address of PC9 51 1

Q8 Last digit of the 4th octet in unicast IP address of PC7 35 5

Eventually, the final question refers to the collection of digits selected in order to
find the most repeated one. Table 4 displays the frequency of each of the chosen digits in
the different questions proposed, along with the most selected one, which is actually the
solution of this first task of activity 1. In this sense, the sign ✓ represents the answer of
each question and the sign ⊚ identifies the most repeated answer. It should also be noted
that the final answer is not found out until the last question proposed is solved, as different
digits are repeated across the questions.

Actually, the most selected digit in activity 1—task 1 is 5, as it is shown in the previous
table. Therefore, this is the first digit expected as part of the solution for activity 1.
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Table 4. Frequency of the digits selected involved in Activity 1—Task 1.

Digit Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Freq. Final

1 ✓ ✓ 2

2 ✓ 1

3 -

4 ✓ ✓ 2

5 ✓ ✓ ✓ 3 ⊚

6 -

7 -

8 -

9 -

0 -

2.1.2. How to Carry out Activity 1—Task 2

This task is similar to the previous one, although some small changes in the instructions
lead to different calculations, which results in obtaining different results. The first change
is in the block of network addresses to carry out this task, which is now 172.16.54.0/24.
Moreover, another change is in the assignment of sub-blocks, which must be assigned
counterclockwise, starting from the LAN with servers, located on the right hand side of
the design. Additionally, the other change is to perform subnetting by using the minimum
number of bits to cover the number of LANs shown in the topology, whereas the rest of the
instructions are the same as in task 1.

Starting with the subnetting, 3 bits are also needed to undertake it, because it results in
23 = 8 subnets. Hence, the subnets mask will have 24 + 3 = 27 bits, whose counterpart in
dotted decimal notation is 255.255.255.224. Thus, the network part includes 27 bits, whereas
the host part contains 32 − 27 = 5 bits. Hence, the first subnetwork address will be that of
the initial block with a subnet mask of /27, and the successive ones will be found out by
adding up 232−27 = 25 = 32 to the fourth octet of the predecessor ones. Table 5 shows the
subnetwork addresses after carrying out these operations, where each subnet is assigned
to a LAN, beginning with the one connected to the router located on the right end, and
moving counterclockwise, as described in the instructions.

Table 5. Subnetwork addresses involved in Activity 1—Task 2.

Subnet Id Subnetwork Address Router Acting as Default Gateway

1 172.16.54.0/27 R2

2 172.16.54.32/27 R3

3 172.16.54.64/27 R4

4 172.16.54.96/27 R5

5 172.16.54.128/27 R6

6 172.16.54.160/27 R0

7 172.16.54.192/27 R1

8 172.16.54.224/27 unused

Regarding the IP address assignment in each network, it should be noted that each
subnet has 232−27 − 2 = 25 − 2 = 30 addresses available to be assigned to the interfaces
of interior devices. Table 6 displays the IP address assignment of the fourth octet for the
devices within all LANs according to the aforesaid operations.
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Table 6. Address assignment’s 4th octet for LANs involved in Activity 1—Task 2.

Fourth Octet
of the IP Address

LAN
R2

LAN
R3

LAN
R4

LAN
R5

LAN
R6

LAN
R0

LAN
R1

Network address 0 32 64 96 128 160 192

Broadcast address 31 63 95 127 159 191 223

Last usable address 30 62 94 126 158 190 222

Second-to-last 29 61 93 125 157 189 221

Third-to-last 28 60 92 124 156 188 220

Fourth-to-last 27 59 91 123 155 187 219

In turn, Table 7 displays the questions proposed, along with the fourth digit of the
device related to and the specific digit requested.

Table 7. Questions related to the requested digits involved in Activity 1—Task 2.

Id Question 4th Octet Digit
Requested

Q1 Last digit of the 4th octet in unicast IP address of PC2 92 2

Q2 First digit of the 4th octet in broadcast IP address of PC4 191 1

Q3 Last digit of the 4th octet in broadcast IP address of PC8 159 9

Q4 First digit of the 4th octet in unicast IP address of PC1 59 5

Q5 Last digit of the 4th octet in unicast IP address of R4’s LAN 94 4

Q6 Last digit of the 4th octet in unicast IP address of S6 189 9

Q7 Last digit of the 4th octet in unicast IP address of PC9 155 5

Q8 Last digit of the 4th octet in unicast IP address of PC7 219 9

Eventually, the final question is related to the different digits selected in order to find
the most repeated one. Table 8 exhibits the frequency of each of the selected digits in
the different questions proposed, along with the most selected one, which is actually the
solution of this second task of activity 1. In this context, the sign ✓ indicates the answer of
each question and the sign ⊚ identifies the most repeated answer, which is not found out
until the last question is solved, as different digits are repeated across the questions.

Table 8. Frequency of the digits selected involved in Activity 1—Task 2.

Digit Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Freq. Final

1 ✓ 1

2 ✓ 1

3 -

4 ✓ 1

5 ✓ ✓ 2

6 -

7 -

8 -

9 ✓ ✓ ✓ 3 ⊚

0 -
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It is clear that the most selected digit in activity 1—task 2 is 9, as it is seen in the
previous table. Hence, this is the second digit expected as part of the solution for activity 1.
Therefore, the pair of digits missing in activity 1 are 5 and 9.

2.2. Team Work 2

The second activity is the continuation of the two tasks undertaken in the first activity.
However, it was technically more difficult, as it requires more technical skills to clear it.
The introductory plot of this activity is the following: “We have already obtained the two
missing digits in order to launch the rocket to save us from the meteorite before it is too late.
However, we need to establish communication with the launching pad from our premises.
We must get it!!!”. As in the previous case, a royalty free picture taken out of the Pixabay
website is attached to get students into the mood of the mission, which is exhibited in
Figure 3.

Figure 3. A meteorite is getting closer to Earth and we need to complete the mission to avoid collision.

The network topology related to this mission is shown in Packet Tracer, which presents
a logical grid of routers. Looking in more detail, the dimensions of this grid are 5 × 5,
meaning that there are 5 rows and 5 columns, where a router is located in the cross of every
row and every column. This layout presents 25 routers, which are identified from 0 to 24.
This kind of grid might be compared to the shape of a k-ary n-cube, except for the fact that
there are no wraparound links in this structure.

Regarding the allocation of routers, it should be noted that Router0 is located on the
bottom left corner, whilst Router24 is situated on the top right corner. Hence, there is a PC
connected to Router0, which simulates the headquarter premises, and on the other hand,
there is a Server connected to Router24, which represents the launching pad. With respect
to the rest of the routers, those with lower identifiers are situated closer to the former,
whereas those with higher identifiers are located near to the latter. However, the layout of
all those routers within the grid is not clearly established, meaning that the different router
identifiers are distributed around the grid with no definite pattern.

Additionally, all those routers allocated within the topology are only allowed to be
connected by following the lines presented in the grid, meaning that the only connections
allowed between any pair of routers are the ones according to the direct neighbors within
the grid diagram, and no other interconnection is permitted. Hence, this logical grid
simulates the internetworking paths available between a source and a destination, which
in this case are represented by the PC and the Server, respectively. Figure 4 displays the
logical layout proposed.

It should be noted that, in the networking field, the IP address of a device within a
logical network topology is commonly cited only with a dot and the value of its last octet,
such as “.x”, as long as the whole network address is also quoted. The goal of this technique
is to save space in the picture, as the first octets of the IP addresses for all devices within a
common network are the same. This is the case in both the lower left corner and the upper
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right corner of this picture, where the IP addresses of the devices are formed with the first
three octets associated to the corresponding network address and the last octet assigned to
the appropriate device, because the subnet mask is /24. For instance, the IP address of the
PC in the lower left corner is 10.0.0.3/24, whereas the IP address of the Server in the upper
right corner is 10.0.24.3/24.

Figure 4. Logical grid involved in activity 2, set up in orthogonal coordinates.

However, the layout presented to the students was not as straightforward, because the
grid was tilted and skewed a bit, thus resulting in a system of skew coordinates, as shown in
Figure 5. This type of perspective made things a bit harder for students to clearly visualize
the scenario, as the references to top, bottom, left and right sides in the picture were not
represented in the usual manner.

Figure 5. Logical grid involved in activity 2, set up in skew coordinates.
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Furthermore, the type of routers deployed throughout the grid is not uniform, as differ-
ent models of routers have been used. This is not a trivial issue, as links must be established
between a pair of neighbor routers within the grid, and the type of interface available in a
particular router determines the type of link established. In other words, a router within
the grid being part of the path from source to destination need to set up two links, namely
one to its predecessor and one to its successor along the path, which involves the setup of
different LAN or even WAN connections.

Eventually, a further condition was imposed in the path construction from source to
destination, as it was requested to find a path passing through all even routers on the way
from the PC to the Server. Hence, it was not compulsory to find the shortest path joining
both end points and including all even routers on it, though it became really convenient
to search for it, as the lower the number of routers, the less time would be involved in
configuring them. In this way, considering the path going through all routers distributed
along the structure would be valid, although it would represent a suboptimal path.

In summary, the resolution of this activity may be divided into six steps:

(a) Find the shortest possible path from source to destination where all even routers
are included.

(b) Set up the interfaces for all routers belonging to that path.
(c) Identify the networks involved throughout that path.
(d) Assign the proper addresses to the interfaces of each router.
(e) For each router within that path, configure the IP addressing in the interfaces

involved and the static routing needed. Moreover, it is recommended to configure
the hostname of each router for clarity purposes.

(f) Execute a tracert command from the source PC to reach the destination Server
successfully, where the different hops to move end to end will be shown.

How to Carry out Activity 2

To start with, the first step requires to spot all routers with even identifiers and try to
find the shortest path between source and destination, namely between the PC and the
Server, although longer paths are also permitted. Router identifiers range from 0 all the way
to 24, where the former is attached to the source and the latter is attached to the destination,
hence the path must traverse all remaining routers with even identifiers, which are just
eleven. Figure 6 displays all even routers within the logical grid layout proposed.

Figure 6. Logical grid involved in activity 2 with all even routers highlighted.
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Many combinations have been found to move end to end, where simplest one goes
through all twenty-five routers, although it is possible to obtain some combinations with
only nineteen routers, such as the one shown in Figure 7.

Figure 7. Shortest path proposed to carry out activity 2, where only 19 routers are involved.

After that, the second step is to set up the interfaces within this path. There are some
key points to take into consideration for this task. To start with, the routers used in the
layout topology are all commercial Cisco routers, although different models have been
deployed across the grid. Hence, as each model was released at different times, then the
types of Ethernet interfaces implemented are different as well, whereas the interface names
also depend on the model.

On the other hand, there is a certain degree of freedom to choose the kind of interface
to link two given routers, as well as the particular interface selected for each link. Regarding
the former, it refers to Ethernet, Serial or any other guided media, and furthermore, Ethernet
interfaces might be of different kinds, such as FastEthernet or GigabitEthernet, depending
on the model of router chosen. With respect to the latter, it relates to the order of the port
identifier selected, which can be port 0, port 1, and so on. Additionally, the interface names
also depend on the model of router selected, as they can be just 0, or 0/0, or 0/0/0. In
summary, all those features need to be considered when configuring each router.

The easiest way to link routers through guided connections in Packet Tracer is by
means of Ethernet ports, regardless of the speed they work at, as those type of ports are
available in all commercial routers within the application. There are other kinds of guided
interfaces, offered as spare ports in those routers, such as Serial or Fiber ones. However, they
need to be installed as external network modules, which requires to first switch the device
off, then connect the appropriate network card into the proper slot in the device, and finally,
switch the device back on. Additionally, unguided connections are also available in Packet
Tracer, such as Wi-Fi or 5G, though this activity specifically asks for guided connections.

Hence, Ethernet ports are preferably used to build up the links throughout the network
topology, although the specific type of Ethernet port depends on the model of router.
Furthermore, two interfaces are needed per router in order to build up the sequential path
from source to destination, where one of the ports points out to its predecessor in the path
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and the other one points out to its successor in the path. Therefore, the fastest way to obtain
a sequential path in Packet Tracer is to use two Ethernet interfaces per router, as no extra
network cards are required.

Moreover, two types of Ethernet cables are available in Packet Tracer, such as copper
straight-through and copper cross-over, where the former is depicted as continuous black
lines and the latter is exhibited as discontinuous black lines. If both ends of a link are
GigabitEthernet ports or ports with higher speed, then the former can be used, no matter
which device is located at each end. However, if any of the ends of a link is a FastEthernet
port or a plain Ethernet port, then the latter must be used when interconnecting two devices
of the same kind, or if an end device is connected to a router, whereas the former is used to
connect a switch to either an end device or a router. In order to simplify the activity, all
Ethernet interconnections between any pair of routers are going to be considered as copper
cross-over cables.

However, special attention must be paid when dealing with two specific kind of
routers. First, the 2620XM model only presents one Ethernet port by default, so an ad-
ditional network card need to be installed. Different options are offered, although the
most appropriate one in this case is the NM-1FE-TX, which is a network module with
one FastEthernet interface for twisted pair. Second, the 819HGW model presents four
Etherswitch ports, which are fit for layer 2 connections, although they are not suitable for
establishing links in a daisy chain fashion. Hence, the only two guided interfaces fit for
establishing a sequential path are a GigabitEthernet port and a Serial port, and consequently,
the router on the other side of the link with the Serial port must have a Serial port as well.

In summary, Table 9 displays the types of interfaces available in each router within the
sequential path. Nonetheless, the interface identifiers shown in each router are orientative,
although they need to be taken into consideration when configuring the interfaces of each
router. These interfaces have been assigned in an ordered manner, such that the one with
the lower identifier points out to the predecessor router and the following one points out to
the successor router. However, this rule of thumb has been broken when a new interface
was added, such as in the 2620XM model, or when a serial interface was needed to connect
to the serial interface of a 819HGW router being located as the direct predecessor.

Table 9. Types of interfaces used in each router within the path.

Router ID Router Type Default
Interface Type

Interface to
Predecessor

Interface to
Successor

Router0 1841 FastEthernet FastEthernet0/0 FastEthernet0/1

Router2 1841 FastEthernet FastEthernet0/0 FastEthernet0/1

Router5 1941 GigabitEthernet GigabitEthernet0/0 GigabitEthernet0/1

Router7 2811 FastEthernet FastEthernet0/0 FastEthernet0/1

Router14 2620XM Ethernet Ethernet1/0 FastEthernet0/0

Router18 1941 GigabitEthernet GigabitEthernet0/0 GigabitEthernet0/1

Router13 819HGW
GigabitEthernet

& Serial GigabitEthernet0 Serial0

Router6 2901 GigabitEthernet Serial0/0/0 GigabitEthernet0/0

Router3 2621XM FastEthernet FastEthernet0/0 FastEthernet0/1

Router8 2901 GigabitEthernet GigabitEthernet0/0 GigabitEthernet0/1

Router4 2621XM FastEthernet FastEthernet0/0 FastEthernet0/1

Router9 2811 FastEthernet FastEthernet0/0 FastEthernet0/1

Router10 2911 GigabitEthernet GigabitEthernet0/0 GigabitEthernet0/1
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Table 9. Cont.

Router ID Router Type Default
Interface Type

Interface to
Predecessor

Interface to
Successor

Router15 1941 GigabitEthernet GigabitEthernet0/0 GigabitEthernet0/1

Router12 819HGW
GigabitEthernet

& Serial GigabitEthernet0 Serial0

Router16 1941 GigabitEthernet Serial0/0/0 GigabitEthernet0/0

Router20 2911 GigabitEthernet GigabitEthernet0/0 GigabitEthernet0/1

Router22 2911 GigabitEthernet GigabitEthernet0/0 GigabitEthernet0/1

Router24 1841 FastEthernet FastEthernet0/0 FastEthernet0/1

Figure 8 shows the links used to deploy the sequential path, though the interface
identifiers are not shown. It should be noted that, in Packet Tracer, the Ethernet links
exhibited in both the source LAN and destination LAN are considered as copper straight-
through cables, which are drawn as continuous lines, whereas the Ethernet links displayed
between any pair of routers are considered as copper cross-over cables, which are displayed
as dotted lines. This distinction is not necessary when dealing with GigabitEthernet links,
although it is needed when dealing FastEthernet or Ethernet links. However, all connections
between routers have been presented as cable cross-over cables just for clarity purposes.
On the other hand, Serial links have been depicted as red rays, without specifying which
end is establishing the clock rate needed for these links.

Figure 8. Links involved in the shortest path proposed to undertake activity 2.

Afterwards, the third step is to identify each of the networks involved along the whole
path. In order to standardize the way of assigning the IP addressing for the particular
network defined by the connection of any pair of routers, a definite addressing scheme
has been applied. In this way, if a connection is horizontalwise, then the four octets of
the IP network address is “10.left.right.0/24” In this case, the word ‘left’ indicates the
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router identifier located on the left end of the link, while the word ‘right’ indicates the
router identifier situated on the right end of that link. Analogously, if the connection was
verticalwise, then the IP network address is “10.up.down.0/24” In that case, the words ‘up’
and ‘down’ relate to the router identifiers located on the upper and lower sides of that link,
respectively.

In order to summarize the IP addressing of all the networks involved, Figure 9 repre-
sents the different routers and networks within the grid. Specifically, each router identifier
is highlighted in yellow, whereas the different network addresses between any pair of
routers within the grid topology are exhibited as well.

Figure 9. Network addresses involved in the topology layout involved in activity 2.

Additionally, Figure 10 presents the path chosen to move from source to destination
with the different routers being traversed, along with the network addresses assigned to
each of the networks between any pair of routers. Therefore, the red line stands for the
path selected to move across the grid from router 0, in the lower left corner, to router 24, in
the upper right corner.

Figure 10. Network addresses involved in the shortest path to carry out activity 2.

At this point, the fourth step is dedicated to assign the corresponding IP address to
all interfaces involved in the path. In order to simplify the procedure, a definite scheme
has been implemented to assign the fourth octet within each of the networks shown
above, which depend on whether the link which defines a network is horizontalwise or
verticalwise. In case the link is horizontalwise, the last octet on the left end of that link will
be 1, while it will be 2 on its right end. On the other hand, in case the link is verticalwise,
the last octet on the upper end of that link will be 1, while it will be 2 on its lower end.

For instance, Figure 11 exhibits an example to assign IP addresses to the interfaces
of both links involved. Focusing on the vertical link in the picture, router 49 is located on
its upper end, and router 50 is located on its lower end, meaning that the network joining
both routers has the network address 10.49.50.0/24, according to the IP addressing scheme
proposed above. Hence, the IP address of the vertical link of router 49 is 10.49.50.1/24,
while the IP address of the vertical link of router 50 is 10.49.50.2/24.

On the other hand, taking the horizontal link in the picture, router 50 is situated on its
left end, whilst router 51 is situated on its right end, meaning that the network connect-
ing both routers has the network address 10.50.51.0/24, according to the IP addressing
scheme described above. Therefore, the IP address of the horizontal link of router 50 is
10.50.51.1/24,while the IP address of the horizontal link of router 51 is 10.50.51.2/24.



Educ. Sci. 2024, 14, 721 17 of 31

UP   .1

DOWN   .2

49

50 51

10.50.51.0 / 24

.1          .2 
LEFT        RIGHT

10
.4

9.
50

.0
 / 

24

Figure 11. Values of the fourth octet for horizontal and vertical links.

Once the addressing scheme is completed, the routers being part of the sequential
path have to be configured. This can be performed in a systematic way for each router,
as all routers need to have the following items configured:

• Optionally, configure its hostname.
• Configure the IP address on each interface involved in the sequential path.
• Configure static routing to reach source and destination hosts by quoting the next hop

address.

The relevant configurations for all routers involved in the shortest path proposed are
presented in Appendix A.

After the configuration has been carried out in all routers involved, the last part is
to execute a ping from the PC to the Server in order to check out if there is end to end
connectivity, where the whole path established in Figure 12 is traversed.

Figure 12. Logical network topology with the shortest path proposed to carry out activity 2.

Alternatively, the execution of the command tracert from the command line interface
(CLI) of the PC to reach the IP address of the Server represents as many hops as the number
of routers included in such a sequential path, as shown in Figure 13.
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Figure 13. Final tracert executed from the PC towards the Server in activity 2.

3. Results

These TBL activities were scheduled in three sessions overall. Basically, during the
first session, all teams had to undertake both tasks included in activity 1, and at the end of
that session, each group had to fill in a small report relating the results they obtained. Then,
the second session was dedicated to carry out activity 2, where another small report had to
be filled in with the results achieved at the end of that session. Additionally, in the third
session, each team had to make a pitch presentation in order to present what they did and
how they did in both activities.

Furthermore, after each presentation was made, all students had to evaluate the work
of the corresponding team with a specific construct on a peer review basis as an active
evaluation method. This construct was composed of two items related to the first task of
activity 1, another two items for the second task of activity 1, and four items for activity 2.
The items or questions proposed are displayed in Table 10.
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Table 10. Questions organized by dimensions to assess the results obtained, associated with digi-
tal competence.

Dimensions Tasks Questions

1 Activity 1
Task 1 Q1: Methodology to calculate the digits.

Q2: Degree of completion.

Task 2 Q3: Methodology to calculate the digits.
Q4: Degree of completion.

2 Activity 2 Task 1

Q5: Establishment of the shortest path.
Q6: Interconnection of devices.
Q7: Configuration of the devices.
Q8: Degree of completion.

The questions of this construct were assessed by a panel of four experts, where two
dimensions were evaluated, such as the construction and the clarity of each item. Table 11
exhibits the validity of the experts’ judgment, calculated by means of the Aiken’s V test in
a four-point Likert type scale, whose values are 1 for strongly disagree, 2 for disagree, 3 for
agree and 4 for strongly agree.

Table 11. Validity of the construct obtained according to Aiken’s V test.

Construction
Dimension

Clarity
Dimension

Overall
Value

Average marks 3.781 3.843 3.812

Aiken’s V test 0.927 0.948 0.938

Regarding the results obtained by the students, those were collected with a construct
with the eight questions previously assessed by the panel of experts, which had to be
individually assessed with a five-point Likert type scale. Therefore, the possible grades for
each question ranged from 1 to 5, where 1 was assigned to strongly disagree, 2 was tied to
disagree, 3 was attached to neither agree nor disagree, 4 was linked to agree, and 5 was
assumed as strongly agree. It should be noted that each country has its own grading
system, and so does Spain, where academic marks go from 0 to 10 [56,57]. Hence, the marks
obtained by each group were multiplied by 2 in order to adapt those scores to the Spanish
grading system, because the top mark in the construct is 5, while it is 10 in the Spanish
grading system. Table 12 displays the most common centralized and dispersion statistics
applied to the outcome obtained.

Table 12. Centralization and dispersion statistics related to the results obtained.

Related to
Activity 1

Related to
Activity 2

Overall
Construct

Average 4.66 4.01 4.33

Mode 5 4 4

25th percentile 4 4 4

Median 5 4 4

75th percentile 5 4 5

Variance 0.24 0.46 0.46

Standard Deviation 0.49 0.68 0.68

Coefficient of Variation 0.11 0.17 0.16
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Furthermore, the reliability of these results has been measured with the Cronbach’s
alpha, as shown in Table 13.

Table 13. Reliability of the results obtained according to Cronbach’s alpha.

Related to
Activity 1

Related to
Activity 2

Overall
Construct

∑ σ2(Xi) 0.964 1.728 2.692

σ2(Y) 2.033 3.757 7.264

Cronbach’s Alpha 0.701 0.720 0.719

Additionally, at the end of the session dedicated to presentations, another construct
was presented to the students in order to measure their level of engagement during both ac-
tivities. This was performed through the ISA engagement scale, composed of nine standard
questions which are evenly distributed among three dimensions, such as intellectual, social,
and affective [58]. Those questions are standard in the ISA engagement scale, so there is no
need for them to be validated [59]. Each question or item is rated in a seven-point Likert
scale, such that the average scores for each dimension and overall must be higher than 6,
which is the value corresponding to agree in the ISA engagement scale.

Table 14 shows the dimensions evaluated in the ISA engagement scale, along with its
corresponding items. On the other hand, Table 15 displays the statistics corresponding to
each dimension and overall.

Table 14. Items organized by dimensions to assess the level of engagement attained.

Dimensions Questions

1 Intellectual
Q1: I focus hard on my work.
Q2: I concentrate on my work.
Q3: I pay a lot of attention to my work.

2 Social
Q4: I share the same work values as my colleagues.
Q5: I share the same work goals as my colleagues.
Q6: I share the same work attitudes as my colleagues.

3 Affective
Q7: I feel positive about my work.
Q8: I feel energetic in my work.
Q9: I am enthusiastic in my work.

Table 15. Centralization and dispersion statistics related to the level of engagement.

Intellectual
Dimension

Social
Dimension

Affective
Dimension

Overall
Construct

Average 6.60 6.63 6.64 6.62

Mode 7 7 7 7

25th percentile 6 6 6 6

Median 7 7 7 7

75th percentile 7 7 7 7

Variance 0.44 0.35 0.32 0.37

Standard Deviation 0.67 0.59 0.57 0.61

Coefficient of Variation 0.10 0.09 0.09 0.09

In addition, the reliability of these results has been assessed with the Cronbach’s alpha,
as seen in Table 16.
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Table 16. Reliability of the level of engagement attained according to Cronbach’s alpha.

Intellectual
Dimension

Social
Dimension

Affective
Dimension

Overall
Construct

∑ σ2(Xi) 1.356 1.056 0.982 3.394

σ2(Y) 3.200 2.921 2.340 9.689

Cronbach’s Alpha 0.864 0.957 0.871 0.731

4. Discussion

The evaluation of these activities was performed through an active learning approach,
which required the use of three different constructs. First, of all, a construct with a proposal
of questions was sent out to a panel of four experts for them to judge the convenience of
those questions. This construct originally had eight questions, where half of them were
dedicated to assess activity 1 and the other half were devoted to activity 2. Furthermore,
as activity 1 was composed of two tasks, then half of the questions assigned to activity 1
were associated with task 1, whereas the other half were linked to task 2.

Each of those questions were assessed from two different points of view, also known
as dimensions, such as the construction of the question and its clarity. This construct to
evaluate the validity of the questions proposed was rated with a four-point Likert-type
scale, and the average scores obtained in each of the dimensions established were 3.781
for construction and 3.843 for clarity, which resulted in an overall average of 3.812. Then,
those values were used to calculate the Aiken’s V test in order to check the validity of the
construct, which accounted for 0.927 and 0.948 for each dimension, and 0.938 overall.

Hence, as this values are higher than the cutoff mark proposed by Aiken, which was
0.87 [60], then the construct proposed was validated and no question had to be dropped
out. Other common cutoff marks in the literature are 0.70, quoted by Charter [61], or 0.50,
cited by Cicchetti [62], which allow for more discrepancy among judges, though in this case,
the Aiken’s one was adopted, which is more restrictive. Therefore, the questions proposed
were considered to be valid to measure the results obtained by the students.

Once the construct was validated by the panel of experts, it was ready to be presented
to the students, which took place in the session dedicated to pitch presentations. Students
had to rate the questions within the construct for the presentations, where each question
was rated with a five-point Likert-type scale on a peer review basis. The centralization
statistics obtained overall reached an average of 4.33, along with a mode of 4 and a median
of 4 as well. Considering that the value 4 represents “Agree”, then the results obtained
prove that students ’agreed’ with the activities.

However, focusing on the values obtained for each activity, the first one received better
marks than the second one, most likely due to the difficulty of the latter, as commented
by the students as well. Regarding the dispersion statistics, the values related to the first
activity offer lower variability than those of the second one, whereas the overall values
are closer to the second one than to the first one. This also occurs with the coefficient
of variation, although the overall value of 0.16 is considered between low and moderate
variability of data, which is an accepted value.

Furthermore, with respect to the reliability, the Cronbach’s alpha for activity 1 was
0.701, whilst it was 0.720 for activity 2, whereas the overall value was 0.719. All values
were slightly above 0.7, which is the benchmark for an acceptable value [63], so the val-
ues obtained denote internal consistency [64], whereas it also shows that there is a high
correlation between the results obtained in both activities.

Eventually, the assessment of the level of engagement provided values above 6 for all
dimensions, which is considered as the cutoff mark for high engagement [65]. Actually,
the intellectual engagement attained was 6.60, whilst the social engagement was 6.63,
and the affective engagement was 6.64, thus leading to an overall engagement of 6.62.
Hence, these results indicate that the engagement level is high, as the value of 6 represents
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“Agree”. Furthermore, the dispersion statistics were quite low, leading to coefficients of
variation around 0.1, which is taken as low variability of data.

Additionally, the reliability of the construct for measuring the level of engagement
resulted in a value of 0.864 for the intellectual dimension, 0.957 for the social one, and 0.871
for the affective one, which are located in the area between good and excellent internal
consistency of data. Moreover, the results for the overall construct presented a value of
0.731, which is considered as acceptable.

In summary, the results obtained meet the goal of presenting attractive digital com-
petence learning tools and verifying their effectiveness. Regarding the outcome obtained
in the peer review assessment, this is clearly linked to the digital competence objective,
as communication, collaboration, and problem solving are key aspects in the completion of
the activities proposed. With respect to the outcome referred to the level of engagement,
the high average scores on the ISA engagement scale are relevant as they indicate that the
activities are indeed engaging.

As a side note, with regard to the Cronbach’s alpha, it makes more sense to calculate it
in the peer review assessment, as some students may perform better than others, whereas
in the engagement level assessment is much less relevant, since it could imply that there
are participants who scored consistently high on some items whereas scoring consistently
low on some other items, while the activities should cause high levels of engagement
among all participants. Nonetheless, the same statistical treatment has been performed in
the results of both the peer review assessment and the engagement level assessment for
methodological reasons.

It should be noted that, at the end of the Section 1, it was stated that engagement is
involved when applying TBL in any educational area. In this regard, some recent references
from the literature were provided where the level of engagement is defined as the driving
force of academic performance in different fields, such as chemistry [50], business [51],
medicine [52], mathematics [53], law [54], or computer science [55]. However, none of those
references offer any quantitative measurement of the level of engagement involved, hence
it is not possible to make comparisons with those previous research papers.

Moreover, there is no control group in this research, as each group was free to become
organized independently from the rest. The setup of a control group may be taken into
account for future Team-Based Learning activities in order to be able to better establish
the effect of methodology on the students’ commitment and performance, as the results
obtained could simply be related to their personal characteristics.

Furthermore, both activities proposed have different approaches to sort them out,
so the optimal solutions for both activities have been given in detail in the Section 2 in
order to facilitate the reproducibility of such solutions. However, as happens in many
engineering issues, there may be more than one way to fix them, where some of those ways
could be optimal, whereas some others could be suboptimal. On the other hand, many
mathematical issues usually have only one solution, even though there may be alternative
ways to complete it.

Focusing on the two tasks contained in activity 1, they are based on the mathematical
background behind network subnetting, so they both have a unique solution. Hence,
each step within both tasks are solved by applying the appropriate arithmetic calculations,
though there are different approaches to complete it.

Therefore, the solution proposed in the Section 2 is the optimal one, although there are
alternative solutions, which may be suboptimal. In this sense, during the pitch presenta-
tions made by the different teams, four groups preferred the use of powers to obtain the
network addresses required, while one group chose to used multiplications, and another
one performed it by means of sums. Eventually, all groups agreed that the use of powers
is the optimal way, though some of the groups felt more confident by using alternative
methods as multiplications or sums instead.

On the other hand, focusing on activity 2, it is based on engineering, so different solu-
tions are allowed to be designed in order to solve the issue proposed. Hence, the two first
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steps of activity 2 allow for different solutions because they are related to the engineering
design of the solution. However, the other steps are related to mathematics, thus the
same results will apply for the same design, though these results may be obtained in
different ways.

For instance, regarding the first step, the shortest possible path is preferred, as it
provides a lower amount of hops throughout the path. However, there are different
alternative paths with the minimum length of 19 hops, which were quoted during the
pitch presentations. Additionally, other solutions with 20 and 21 hops were also proposed,
though they are suboptimal.

With respect of the second step, most of the groups chose to use the lowest Ethernet
interfaces, although one group selected the highest ones. Nonetheless, it does not affect the
optimality of the solution in any way. Moreover, one group chose to use Serial interfaces
with the 2620XM router, though that solution is suboptimal because any Ethernet interface
is faster than a Serial one.

5. Conclusions

In this paper, two TBL activities were proposed in the context of a course within
an engineering degree at university. The course was dedicated to learning the basics of
networking engineering, and two activities were designed to be undertaken in groups and,
in turn, each team had to present to the rest of students as a pitch presentation. After each
presentation was completed, then all students had to assess the work carried out by the
corresponding team with a construct composed of eight questions or items, which had
to be rated with a five-point Likert type scale. Half of the questions within the construct
were related to the first activity, whereas the other half were bound to the second activity.
Furthermore, after finishing all presentations, a further construct was delivered to the
students in order to assess their level of engagement during the activities.

To begin with, the questions within the construct for the students’ results were previ-
ously validated by a panel of experts by means of the Aiken’s V test, which considered two
dimensions for each item, such as construction and clarity. Then, the results obtained by
the students presented quite high values, though the first activity were rated significantly
higher than the second one, which can be explained by the fact that the latter had more
difficulty, as it required more technical skills to complete it. This point is also supported by
the greater dispersion statistics attained in the latter. With respect to the reliability of the
results achieved, which has been calculated through the Cronbach’s alpha, both activities
obtained acceptable values. Additionally, those values indicate the internal consistency of
the data collected, as well as the high correlation between the results in both activities.

Eventually, the level of engagement was measured by means of the ISA engagement
scale, where all dimensions included, namely intellectual, social, and affective, achieved
really high values. This fact supports the idea that students were really engaged during
the activities. Furthermore, the coefficient of variation attained in all cases indicate low
variability of the values collected, supporting the point that most of them were highly
motivated. On the other hand, the Cronbach’s alpha was used to calculate the reliability of
the engagement level measurements, resulting in an acceptable overall value. In this sense,
the diverse dimensions involved obtained moderate to excellent values, which reinforces
the idea that students became motivated in the activities. Overall, the results obtained
show that the activities developed are both highly engaging for the participants and allow
to test the digital competences achieved by the participants.

As a reminder, the goal in this research is twofold; the first one is to develop digital
competence by means of engaging learning tools, and the second one is to assess the level
of engagement achieved. As has been described in the introduction, there are reports in
the literature stating that active learning methodologies portray engagement due to the
level of involvement experienced by students, which usually acts as the driving force for
improving academic performance.
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In this context, TBL is an active learning methodology which requires students to
apply not only technical skills in order to solve complex problems, but also soft skills
in order to establish an internal self-organization among the team members, as well as
an efficient communication system among them. Hence, TBL requires a certain level of
involvement for students in order to become integrated into the team and follow the team
dynamics, so according to the previous paragraph, it ends up portraying engagement.

Therefore, the activity set presented in this manuscript allows students to acquire the
digital competence expected in relation to the course on network administration, as the
activity set is aligned to course objectives. On the other hand, the TBL format implies a
certain level of involvement for students, which lead to engagement. Hence, joining both
arguments, the first goal was met because digital competence is acquired by means of
engaging learning tools.

Regarding the second goal, the measurement of the level of engagement has been
carried out by the ISA engagement scale questionnaire. The outcome obtained has shown a
high level of engagement when undertaking the activity set on a team basis, as the overall
average level was above 6, which is the benchmark value. Hence, the second goal was
also met.
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Appendix A. Annex I

The relevant configurations of the routers involved in the sequential path selected as
the shortest path to go from source PC to destination Server are displayed here:

hostname Router0
interface fa0/0

ip address 10.0.0.1 255.255.255.0
no shutdown
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interface fa0/1
ip address 10.0.2.1 255.255.255.0
no shutdown

ip route 10.0.24.0 255.255.255.0 10.0.2.2
end
————————————————————–
hostname Router2
interface fa0/0

ip address 10.0.2.2 255.255.255.0
no shutdown

interface fa0/1
ip address 10.2.5.1 255.255.255.0
no shutdown

ip route 10.0.0.0 255.255.255.0 10.0.2.1
ip route 10.0.24.0 255.255.255.0 10.0.5.2
end
————————————————————–
hostname Router5
interface gi0/0

ip address 10.2.5.2 255.255.255.0
no shutdown

interface gi0/1
ip address 10.5.7.1 255.255.255.0
no shutdown

ip route 10.0.0.0 255.255.255.0 10.2.5.1
ip route 10.0.24.0 255.255.255.0 10.5.7.2
end
————————————————————–
hostname Router7
interface fa0/0

ip address 10.5.7.2 255.255.255.0
no shutdown

interface gi0/1
ip address 10.7.14.1 255.255.255.0
no shutdown

ip route 10.0.0.0 255.255.255.0 10.5.7.1
ip route 10.0.24.0 255.255.255.0 10.7.14.2
end
————————————————————–
hostname Router14
interface e0/0

ip address 10.7.14.2 255.255.255.0
no shutdown

interface fa0/0
ip address 10.18.14.2 255.255.255.0
no shutdown

ip route 10.0.0.0 255.255.255.0 10.7.14.1
ip route 10.0.24.0 255.255.255.0 10.18.14.1
end
————————————————————–
hostname Router18
interface gi0/0

ip address 10.18.14.1 255.255.255.0
no shutdown
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interface gi0/1
ip address 10.13.18.2 255.255.255.0
no shutdown

ip route 10.0.0.0 255.255.255.0 10.18.14.2
ip route 10.0.24.0 255.255.255.0 10.13.18.1
end
————————————————————–
hostname Router13
interface gi0

ip address 10.13.18.1 255.255.255.0
no shutdown

interface se0
ip address 10.6.13.2 255.255.255.0
clock rate 64000
no shutdown

ip route 10.0.0.0 255.255.255.0 10.13.18.2
ip route 10.0.24.0 255.255.255.0 10.6.13.1
end
————————————————————–
hostname Router6
interface se0/0/0

ip address 10.6.13.1 255.255.255.0
no shutdown

interface gi0/0
ip address 10.3.6.2 255.255.255.0
no shutdown

ip route 10.0.0.0 255.255.255.0 10.6.13.2
ip route 10.0.24.0 255.255.255.0 10.3.6.1
end
————————————————————–
hostname Router3
interface fa0/0

ip address 10.3.6.1 255.255.255.0
no shutdown

interface fa0/1
ip address 10.8.3.2 255.255.255.0
no shutdown

ip route 10.0.0.0 255.255.255.0 10.3.6.2
ip route 10.0.24.0 255.255.255.0 10.8.3.1
end
————————————————————–
hostname Router8
interface gi0/0

ip address 10.8.3.1 255.255.255.0
no shutdown

interface gi0/1
ip address 10.4.8.2 255.255.255.0
no shutdown

ip route 10.0.0.0 255.255.255.0 10.8.3.2
ip route 10.0.24.0 255.255.255.0 10.4.8.1
end
————————————————————–
hostname Router4
interface fa0/0
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ip address 10.4.8.1 255.255.255.0
no shutdown

interface fa0/1
ip address 10.9.4.2 255.255.255.0
no shutdown

ip route 10.0.0.0 255.255.255.0 10.4.8.2
ip route 10.0.24.0 255.255.255.0 10.9.4.1
end
————————————————————–
hostname Router9
interface fa0/0

ip address 10.9.4.1 255.255.255.0
no shutdown

interface fa0/1
ip address 10.10.9.2 255.255.255.0
no shutdown

ip route 10.0.0.0 255.255.255.0 10.9.4.2
ip route 10.0.24.0 255.255.255.0 10.10.9.1
end
————————————————————–
hostname Router10
interface gi0/0

ip address 10.10.9.1 255.255.255.0
no shutdown

interface gi0/1
ip address 10.10.15.1 255.255.255.0
no shutdown

ip route 10.0.0.0 255.255.255.0 10.10.9.2
ip route 10.0.24.0 255.255.255.0 10.10.15.2
end
————————————————————–
hostname Router15
interface gi0/0

ip address 10.10.15.2 255.255.255.0
no shutdown

interface gi0/1
ip address 10.15.12.1 255.255.255.0
no shutdown

ip route 10.0.0.0 255.255.255.0 10.10.15.1
ip route 10.0.24.0 255.255.255.0 10.15.12.2
end
————————————————————–
hostname Router12
interface gi0

ip address 10.15.12.2 255.255.255.0
no shutdown

interface se0
ip address 10.12.16.1 255.255.255.0
clock rate 64000
no shutdown

ip route 10.0.0.0 255.255.255.0 10.15.12.1
ip route 10.0.24.0 255.255.255.0 10.12.16.2
end
————————————————————–
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hostname Router16
interface se0/0/0

ip address 10.12.16.2 255.255.255.0
no shutdown

interface gi0/0
ip address 10.16.20.1 255.255.255.0
clock rate 64000
no shutdown

ip route 10.0.0.0 255.255.255.0 10.12.16.1
ip route 10.0.24.0 255.255.255.0 10.16.20.2
end
————————————————————–
hostname Router20
interface gi0/0

ip address 10.16.20.2 255.255.255.0
no shutdown

interface gi0/1
ip address 10.20.22.1 255.255.255.0
no shutdown

ip route 10.0.0.0 255.255.255.0 10.16.20.1
ip route 10.0.24.0 255.255.255.0 10.20.22.2
end
————————————————————–
hostname Router22
interface gi0/0

ip address 10.20.22.2 255.255.255.0
no shutdown

interface gi0/1
ip address 10.24.22.2 255.255.255.0
no shutdown

ip route 10.0.0.0 255.255.255.0 10.20.22.1
ip route 10.0.24.0 255.255.255.0 10.24.22.1
end
————————————————————–
hostname Router24
interface fa0/0

ip address 10.24.22.1 255.255.255.0
no shutdown

interface fa0/1
ip address 10.0.24.1 255.255.255.0
no shutdown

ip route 10.0.0.0 255.255.255.0 10.24.22.2
end
————————————————————–
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