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In this paper we introduce an approach of play-based learning within electrical engineering. The proposed methodology

tries to develop a play-based experience by two stages: firstly, the learning by doing theory will teach the ‘rules of the game’

and then, it is completed with a final practice that implements the rhetoric of the learning-through-play theory. Both

techniques have resulted in positive learning outcomes by enhancing the student role in the learning process through

increasing the motivation.

An experimental play-based Wireless Sensor Network (WSN) platform is introduced as an aid in teaching location

techniques based on RSSI (Received Signal Strength Indicator) in the frame of a radiolocation course at graduate level.

The platform is implemented using low-cost commercial modules and one easy-to-use software program.

We deepen in the layout challenges facing instructors in the frame of a play-based learning experience. So, we outline

critical points as the teacher’s role, the time constraint and the trade-off between actual advantages and efficiency.

We propose also one method to correctly evaluate the cognitive and affective dimensions of the play-based settings by

the development of a smart learning route chart that represents a study guidance indicating the flow expected for the

objectives and its evaluation.
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1. Introduction

Higher education has experienced deep changes in
the last decade powered by the demands of different

agents and factors. These changes have been mate-

rialized in the development of new learning and

teaching methods that try to improve the way of

interacting with students. Regardless the selected

methodological approaches, the development of

innovative material as well as new will be a short-

term demand in the new study plans that incorpo-
rate the European Higher Education Area (EHEA)

requirements. Instructors should deepen in the

many options offered in the quest of a winning

teaching/learning formula.

Ausual objective of the differentmethodologies is

to attract and maintain student interest during the

class without losing the cognitive dimension of the

experience. The learning-through-play theory ap-
pears as an acceptable mode of reaching this objec-

tive. It is a fashionable and amazing learning

methodology but it represents also a challenge for

educators that try to implement them in their class-

rooms, especially in electrical engineering. Tradi-

tional methodologies are more extended in this field

than innovative means, and sometimes the play-

theory find reticence among educators that think in
these play-based methodologies only considering

the ‘fun’ factor.

In the design of a play-based teaching experience

the instructors have to balance opportunities, chal-

lenges and risks. The first of them is the teacher’s

role during the game-based learning. The definition

of the play-based experiences leads the teacher to a

secondary role during the realization of the game.

But this passive role can drive the students to failure
and to unsatisfactory feeling. The same can happen

in the instructor that leads to leave seeking innova-

tive means.

We propose in this paper the design and imple-

mentation of play-based experiences through two

successive stages. In an early first stage, the ‘rules of

the game’ must be explained to the students. During

this stage, the students would acquire a set of
theoretical and practical knowledge and skills tar-

geted for covering one or more topics of the course

involved in the learning experience. For this stage,

complementary teaching methodologies can be ap-

plied, as the learning-by-doing theory.

In a second stage a final practice is developed

according to the rhetoric of the play theory. Along

the two stages the teacher’s role changes from a
classical transmitter of knowledge to orchestrator

of the experience and collaborator to support and to

facilitate reflection.

A smart learning route chart has been elabo-

rated containing the successive steps to follow

during the play-based practice as well as the
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learning objectives. This guide is given to the

students so they know a priori the milestones

expected to achieve. The evaluation methodology

is also indicated.

The combination of this double-stage strategy,

the adequate teacher’s role and the smart learning
route chart improve the benefits of the through play

experience. Among other benefits we can mention

firstly, that it helps to summarize the concepts and

skills objective for this block of the course content;

secondly, it allows the student a general scope of the

technique presented that can help to clarify some

remaining doubts. In itself this challenge constitutes

an auto-evaluation of the previously learned con-
cepts.

The play-based methodology has been applied in

computational and engineering teaching field show-

ing a large level of satisfaction, and becoming also

mostly effective at the cognitive level. Related ex-

perimental systems have been previously developed

regardingWSNs [1–2], and they canbe also found in

the field of electromagnetism teaching, computer
science and robotics [2–8]. In [2,6] we can read the

importance of the instrumentation in the radio

courses curriculum and how the RF instruments

and experimentation can help to emphasize signal

and system theory concepts to students within the

line of active learning pedagogy.

Active learning experiences require the acquisi-

tion or development of specific material. In [7–8]
cost-effective solutions are implemented to design

educational modules used in wireless communica-

tion courses showing a good performance. In our

case, a modified commercial kit has been used to

deploy the WSN. The system was completed by

programs developed in MATLAB software. This

allows planning different experiments focused on

the main concepts related to location estimation
based on RSSI technique, as well as routing in a

Zigbee network.

Another not less important aspect to consider

along the development of this kind of learning

methodology is the way of evaluating the acquisi-

tion of knowledge. It is essential to collect informa-

tion in the cognitive and in the affective dimension.

This information has to be analyzed to evaluate a
classical trade-off: the satisfaction level and the

effective cognitive learning.

In section 2 we introduce the theoretical back-

ground of the teaching experience. The developed

teaching methodology is explained in section 3,

including the implementation. Finally, in section

4, we present the evaluation method followed to

infer the progress and success of the experience. In
the last section, we offer the conclusions to this

research work and indicate some ideas for future

work.

2. Active learning in the classroom

Traditional lectures are the more extended teaching

method that can be found in the colleges and uni-

versities. But in the last two decades this traditional

methodology has suffered a clear evolution toward

other forms of understanding the knowledge acqui-

sition [10–11].
The present teaching process is based on the

producer-consumer paradigm [11], with some who

knows and provides the information (producer) and

someone who does not know and listens. This

process has an economical reason that tries to

optimize the resources: more students per teacher,

more students per laboratory . . . In this model

where only economical criteria are considered, the
lecture method is doubtless the more effective form

to transmit the knowledge.

Among the deficiencies that can be found regard-

ing traditional methodologies as lectures we can

mention:

(1) Not learning-centered.

(2) Students not actively involved.

(3) Skill acquisition is not guaranteed.

(4) Negative effect on student’s emotional involve-

ment.

(5) Negative effect on student’s motivation.

(6) Not fair evaluation methods.

(7) Discourage contact between students and fa-
culty.

Themore adequate learning is not that one where

the contents to be acquired are presented in its final

form, either that one introducing the concepts has to

be discovered by the learner that becomes in an

active role either than in the passive role provided by
traditional focuses [12–14].

The learning is an active process where the in-

formation activity process implies that the learner

must build and reorganize the knowledge into his/

her own cognitive structure by means of different

representation levels [12–14]. This means that the

learning is produced when the information is trans-

formed according the rules developed by the own
experience. Hence it is stated the importance of the

experiential learning.

Different ‘cones of learning’ can be found along

the educational literature [15], and although some

controversies exist about the numbers contained in

the different representations, we reprint here two of

them [16–17] inFig. 1. The percentages represent the

average ‘retention rate’ of information following
teaching or activities by the method indicated. The

main message that we can extract is the underlying

idea of that an active experience provides cognition

‘harder to forget’ than other passive experiences.
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The principles, created by [10], include the follow-

ing key practices to improve teaching and learning:

(1) Encourage contact between students and fa-

culty.

(2) Develop reciprocity and cooperation among

students.

(3) Use active learning techniques.
(4) Provide prompt feedback.

(5) Emphasize time on task.

(6) Communicate high expectations.

(7) Respect diverse talents and ways of learning.

So,we can state that education has evolved froma
teaching to a learning focus and the incorporation

of active learning is the way for this transformation

[18]. Active learning has demonstrated to be more

effective than passive learning [14].

The development of material that incorporates

active learning experiences is a challenge for the

instructors that are not usually encouraged to face

this step. Among other reasons, the EHEA process
has determined the university and studies structures

but not the training methodologies that should

consider the use of active methodologies to improve

the student learning process.

But due to the social demands and the require-

ments of industry, the instructors should face the

challenge of considering the inclusion and selection

of an active methodology in the class mainly in
technical disciplines [19].

The development of material considering active

learning methodologies is not free of risks. The

short-term experiences are preferred always, and

themethodology to implement depends on the goal,

the student, the content, and the teacher.
In this section we analyze two main methodolo-

gies that try to incorporate active learning teaching:

learning by doing and learning by play. We have

selected them among other ones due to the suitabil-

ity to our goals and contents.

2.1 Learning by doing

The learning based on the experience, experiential,

factual, ‘learning by doing’ or ‘hands-on learning’ is

generally framed in the active learning methodolo-

gies. This supposes to encourage people to discover

by themselves the principles of operation of the

systems, processes, etc. through the experimenta-
tion and the exploration [20].

By this way, learners would develop an under-

standing of the relationships between specific tech-

niques and generic conceptions of technological

processes, and between specific pieces of equipment

and their functions [19] in an attempt to intercon-

nect the specific with the general and the material

with the abstract, i.e. to connect different kinds of
meaning [19].

An experiential learningmethod is based on three

assumptions [21–22]:

(1) Learning is more effective when people are
personally involved in the learning experience.

(2) Knowledge has to be discovered by the indivi-

dual to have significant meaning.

(3) Personal motivation to learning is highest if the

own learning objectives can be freely set [23].
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This kindofmethodology promotes the construc-

tion of deep cognition and increases the compre-

hensive as well as the effectiveness and efficiency to

put in practice the learned skills [21] according to a

succession of stages as indicated in Fig. 2. This

feature is largely interesting to give the students a

practical view for their imminent professional fu-

ture.
Learning by doing experiences can be faced by

two main approaches:

(1) Field experiences: provides larger motivation

but may suppose expensive investment in ma-

terial.

(2) Simulations: usually known as software-based

methodology, results in less investment and

motivation [24].

2.2 Learning through play

As observed in [25], play is a powerful tool for

learning that becomes fundamental for both adults

and children development [26–28] allowing part of

the evolving human experience once it provides a

way inwhichwe learn by offering the opportunity to

practise and explore in a safe environment teaching

essential skills. This methodology has been widely
applied in computational and engineering teaching

field [29–32] showing a large level of satisfaction,

and becoming also largely effective at the cognitive

level.

But this technique is not free of risks. The main

weak point to take in mind is that students need to

know a priori ‘the rules of the game’. The back-

ground knowledge level plays an important role in

the success of this kind of experiences. It is not

possible to play a game if the rules are not well

understood. If this happens, the loss of motivation

produced on the students can be important resulting

in a failure of the practice. This produces also
discourage on the instructors. Students must learn

the fundamental concepts and the necessary skills

prior to apply them effectively in a game-based

experience.

As the above case, the game-based or through

play methodology can be implemented developing

field practices or PC based simulations. The first

ones involve a large implication of the teacher
during the realization. The second kind entails a

large time out of class to develop the proper plat-

form.

There is the assumption in research literature that

plays in form of computer games are a useful

educational tool because of their effect on the

students’ motivation. Some works [25, 33] question

about this statement and warn about the assumed
motivational potential of their use inHigher Educa-

tion. The study developed by [25] concludes that it

cannot be established a relationship between the

students’ motivation to play for leisure and the

motivation to do it for learning.

In [33] we find a deep analysis of the features that

a game-based experience should present, and even
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this analysis is oriented to computer-based games,

they result applicable to any play experience. The

problem-based learning is presented as the pedago-

gical praxis to encompass the requirements of a

successful game experience from the point of view

of cognitive apprenticeship. This point of view is
shared by [25] who remarks that games/plays fea-

tures should be active, problem-based and colla-

borative in order to become effective learning

environments/experiences, concluding that games

must exhibits the characteristics of constructivist

learning [34].

We agree the statement of that the design of play/

game-based experience should be focused on learn-
ing and outcomes, so enabling the students’ engage-

ment for learning. The affective dimension must be

monitored so we can evaluate and correct the mo-

tivation and satisfaction for learning in an alterna-

tive way represented by the play.

The selection of teacher’s role during the play

becomes an important design criterion. Three roles

can be assumed, and in them we can identify three
main features: the student-student interaction or

group collaboration/dynamics, teacher-student in-

teraction, and reflection facilitating to produce or

correct cognitive learning and to allow surfacing

tacit knowledge through play. These roles are:

(1) Teacher as an external instructor or orchestra-

tor: explains the play and keeps invisible during

the play, waiting only for the final results. The

teacher-student interaction is inexistent until

the end of the game, or even forever if a poster-

ior teacher-student interaction is not planned.
The group collaborative strength should be

large, but the group dynamics can disappear if

the responsibility is not equally assumed by the

group members.

(2) Teacher as a collaborator or team-member: it

provides reference model and strengthens the

teacher-student interaction. It provides an im-

portant feedback about the learning goals ac-
complishment.

(3) Teacher as a provocateur: as an external

watcher, it provides reflection to problems

identified during the game. Here the teacher-

student interaction reaches a medium level.

However, this role facilitates the group dy-

namics due to the ‘watcher presence’ factor.

The above mentioned teacher’s role represent

different approaches in tracking the activity of the

students and controlling the degree of correctness in
learning the objective concepts [35–36]. The role of

team-member provides the most suitable approach

to measure the success in accomplishment of the

learning goals. In the extreme side, we find the

orchestrator role.

Another important design criterion regards the

time constraints. The use of the through-play/games

method can do necessary an additional time (pre-

paration, maintenance, realization) and the evolu-

tion in teaching concepts can seem to result slower.

As we explain in section 4.1, the time is another
variable in the equation to balance risks and bene-

fits: a short time would avoid correct conceptualiza-

tion, whilst long-time produces loss of motivation.

3. Teaching methodology

The experience described in this paper tries to

approach the teaching of one primary location

technique that can be widely found in radio wireless

applications. It is inscribed in the framework of the

graduate-level course ‘Radio determination’ offered

in the last year in the Electrical and Computer

Engineering degree at theUniversity of Vigo, Spain.

This course is optional, so students decide to
select it according to a criterion of the curriculum/

profile that they desire to develop. Usually, students

with specialization in radio select this course, but it

is common also to find students from the network-

ing or electronics branches who present a not in-

tensive background in radio propagation.

Among the criteria that students hold to select an

optional course, the attractiveness offered by the
course and the grade of update showed are factors

playing an important role.

The contents of the course include radionaviga-

tion and radiolocation systems used in aeronautics

and aerospace, as landing aid systems (ILS, VOR),

or navigation aid (GPS, Galileo, GLONASS), and

radiogoniometry. The theoretical contents are given

following traditional lecture classes, and lab prac-
tices have been designed according to a learning-by-

doing methodology.

In the last years, the radio location techniques are

spreading the field of use and they are commonly

found in many dairy applications. Some of these

radio locations methods have become very popular

thanks to the emerging wireless communications in

unlicensed bands, especially the Wireless Sensor
Networks (WSN) case have awaken a large interest

due to their attractive features and simplicity of

implementation. The incorporation of Zigbee pro-

tocol offers additional value and facilities to these

networks.

Along course 2008/09, the subject has incorpo-

rated the teaching of radio location techniques in

the frame ofWSN to complement the third block of
the course contents, with theoretical classes and

practical experiences. In the past, only a documen-

tation work and a survey were required to evaluate

this block due to the difficulties found to implement
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lab practices, mainly from the point of view of the

resources.

But these techniques can be hardly understood if

only theoretical explanations are provided, and

even if software simulations are employed. On the

other side, one objective of the active learning is to
attract the attention of the students and keeping

their motivation. A combination of learning-by-

doing and learning-through play has considered

the optimal solution to join both cognitive and

motivation milestones.

In the following sections we present the resources

that have been used and developed in this experi-

ence, as well as the details of the practical imple-
mentation.

3.1 Resources: the toys construction

Learning by doing experiences based in field experi-

ences imply the use ofmaterial that sometimes is not

covered by the general purpose instrumentation.
The acquisition of specific educational material is

large-cost and not usually affordable.

But many solutions exist in form of development

kits available for the industry and perfectly valid for

academic purposes. It has been our case, and we

proceeded to acquire a ZigbeeWSN commercial kit

with the feature of estimating the power of the

received signal. The core chip used by this kit
incorporates the transceiver front-end as well as

an 8051 core to program the user applications.

In order to implement a radio location system to

estimate the position of a mobile user, three ele-

ments are mainly necessary, so we have developed

specific hardware systems for each one of this ele-

ments:

(1) Reference units (RU) at known positions trans-

mitting a predefined value of power. They act

also as routing elements of the information

transmitted from the mobile users.

(2) Mobile terminal units (TU) with unknown
positions that estimate the power received

from the RUs (Received Strength Signal Indi-

cator, RSSI) and feedback this value to the

master node (MN) using the network of RUs.

(3) Master node: in our case, this node is the

responsible of estimating the TU position by

triangulating the power received from it at the

RUs. The triangulation implies the assumption
of one radio mobile channel, one important

concept of this experience besides the own

triangulation technique. The MN is connected

to a computer via RS-232.

In Fig. 3 we show the three elements above

described, and it can be shown that they share the

same chip board. A brassboard has been designed

for the TUs, containing one led-push button, reset

button and one inclinometer. Sensors can be easily

incorporated for future use.

Additional software elements have been designed

to complete the toys/material required for this ex-

perience. The robust closed-form software tools

developed will facilitate to the students the devel-
opment of the experience helping them to focus on

the targeted concepts:

(1) Compiled C Code for RUs: it includes the
functionalities of network routing and power

message transmission.

(2) Compiled C Code for TUs: it includes the

functionalities of network routing and power

messages reception. Automatically selects the

frequency channel of operation, and it recog-

nizes the ID assigned to each node.

(3) Compiled C Code for MN: it includes the
functionalities of network routing and the serial

communications with the computer.

(4) Student program: implemented in Matlab, it

receives the data needed for the triangulation

according to the propagation model.

The code corresponding to RU, TU andMN has

to be uploaded to the core chip via JTAG program-

ming tool as indicated in Fig. 4. The set of software/

hardware can be seen as the ‘toys’ needed for the

play, in a similar way to other related experiences
that use commercial kits, as LEGO or robots [9].

The student program has become fundamental

for the development of the experience. It provides

functionalities to dimension the network, to assign a

role to a board chip (TU, RU, MN), to fit the

propagation model and to perform correctly the

triangulation. InFig. 5 it is shown themain screen of

this tool.

3.2 Implementation of the experience

As we have introduced, a double-stage methodol-

ogy has been designed trying so to distinguish
between a training period useful to show the play

rules, and the challenge stage implemented as a

through-play experience.

A learning-by-doing methodology has been esti-

mated as an optimal solution to present the modus

operandis of real time positioning systems based on

the estimation of the received signal strength.

Firstly, a set of four short practices introduce the
different objective concepts. One session of two

hours has been assigned to each practice. Students

elaborate one four-page report after the completion

of the each practice.

Followingwe briefly describe themainmilestones

of the initial four short practices:

(1) Dimension the network and assignation of one

role to the chip boards. Some parameters of the
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RUs and TUs as ID, and position (X, Y, Z)

have to be predefined. In Fig. 6 the node setup
menu is shown.

(2) Test of communication: the different elements

are activated and the network deployed in an

actual indoor scenario. Test messages are rou-

ted among the nodes. A mesh topology is

followed.

(3) Fit the propagationmodel: onemain parameter

of the propagation model has to be set: N. It
approximates the power decay curve for the

signal transmitted from one RU and received

by one TU. This propagation model is com-

monly used in indoor scenarios, and as is called

log-distancemodel. The accuracy in the estima-

tion of N is deeply related to more accurate

position estimation. In Fig. 7–8 it can be ob-
served the model fit menu.

(4) Triangulation: students have to implement the

algorithm for position estimation based on the

equilateral triangulation technique of received

RSSIs. In Fig. 9 it can be observed an output

example of this practice.

After this, themethodology is completedwith one

final practice that summarizes all the learned con-
cepts and is valid to put in practice the skills learned

and developed by the students. It is presented in

form of through-play.

As an outcome of the initial practices, the stu-
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dents are in position of estimating the location of

anyTU, aswell as the IDof the availableRUs, in the

deployed network always that the learning process

has been successfully completed. So, in the next step

they have to determine under blind conditions,
which RU nodes of the network are working, how

many TUs are active and also they have to deter-

mine the TUs location.

If the software tools have been correctly fitted,

and a comprehensive cognition has taken place, the

students will pass this challenge with less effort that

if it is planned as a single practice. Once finished the

experience, a survey must be completed.
This double-stage design will result useful in a

double sense: firstly, it summarizes the concepts and

skills object of this block of the course content;

secondly, it allows the student a general scope of

the technique here presented that can help to clarify

some remaining doubts. In itself this challenge
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Fig. 7. Propagation model fit menu (I).

Fig. 8. Propagation model fit menu (II).

Fig. 9. Geometrical disposition of elements in the Zigbee mesh network.
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constitutes an auto-evaluation of the previously

learned concepts. In Fig. 10 it can be observed one

example of the scenario thought for this challenge.

The implementation is completed with the design

of the smart learning route chart that provides a

guide containing what is to be learned, how it is
learned, when it is learned and how it will be

assessed. In Fig. 11 we show the block diagram of

this learning chart.

4. Assessment of the play-based
experience: evaluation of results

Another not less important aspect to consider along

the development of this kind of learning is the way

of evaluating the acquisition of knowledge [37]. It is
essential to collect information in the cognitive and

in the affective dimension. This information has to

be analyzed to evaluate a classical trade-off: the

satisfaction level and the effective cognitive learn-

ing.

As it can be seen in the route chart of Fig. 11, the

evaluation of the subject was divided in two parts.

The evaluation of the theoretical contents follows
an innovative method based on online surveys

provided via a web educational platform that uses

the open source eLearning and eWorking platform

Claroline [38–39]. The surveys include ten short

questions regarding the theoretical part and it is

done after the lab practice. In Fig. 12 we can see the

homepage of thewebsite dedicated to the eLearning

platform. In Fig. 13 we show one question of the
surveys regarding the theoretical part evaluation.

The number of students attending the subject the

course 2008/09 was 70. For the lab practices, they

were divided in groups of two, and later assigned to

one turn controlled by a different teacher. Three

blocks of practices were designed, and the experi-

mental experience regards block #3.

Volunteers were solicited to develop this pilot
experience and a total of 12 students attended the

call. A different task was assigned to the students

that did not participate in the lab pilot group,

consisting in a documentation work to be exposed

at the classroom. Theseworkswere evaluated by the

rest of groups and they concern the same topic as the

lab experience. The non-participating students are

considered the control group.
For the evaluation of the practical contents in the

pilot group a traditionalmethod usually extended in

engineering was used, consisting in the elaboration

of reports regarding the lab practices. In order to
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evaluate the cognitive level, for each practice a set of

questions are included in the memory to be solved

and answered by the group. So, individual scores

cannot be evaluated separately. This can result in an

unfair score for students and does not reflect the

individual effort.
The on-line survey takes place after the lab ex-

perience for pilot group and the presentation of

documentation work for the control group. This

survey is the same for both groups and concerns

about the theoretical contents of the block #3.

In Fig. 14 we have plotted the resulting scores of

lab block #3 using a boxplot representation instead

of traditional scatter plotting [40]. A statistical
analysis based on boxplot results a powerful tool

to analyze the deviation of the individual, group and

turn scores with respect to their respective medians.

This simple analysis offers a good graphical inspec-

tion tool of influence factors as important as: tea-

cher in charge of the turn, difficulty level of the

practices. Students requiring reinforce can be iden-

tified.
Generally, for practical block 3, groups achieved

larger scores in the pilot experience than for the

documentation work as in previous years, as shown

in Table 1. Among the reasons to explain this fact,

we can remark that usually the level of effort is less in

this kind of tasks and also the level of motivation.

We have detected also that some of the works were

identical to the last year. In general, the level of

deepening in the topic assigned is not large and the

students tend to minimizes effort and time. The

result is that a 10% of the students fail this practice

with scores under 5.

The success of the experimental practice can be
explained also by the large level of control that the

experience provides for its development. All the

steps are predefined and the objectives are presented

in a piecewise mode via the learning route chart,

from simple to complex levels, so it results in a

straightforward progress for the student.

The satisfaction level was inferred from the sur-

veys that our institution passes each semester to
every subject. The surveys demonstrated a good

performance in the affective dimension. This can

be inferred also from the results of pilot experience

scores.

4.1 Efficiency of the through-play methodology

Among the criteria to be considered in order to

evaluate the efficiency of the through-play metho-

dology with respect to other different method, we
should consider the following ones:

� resources: the economical investment (r) required

to implement a play-through experience has to be

compared with respect to the cost required for

deploying other methodology.
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Fig. 13. Screen shot of on-line survey using Claroline at faitic.uvigo.es web.



� time: it is needed to distinguish between the time
needed for the preparation of the practice, large

for the first year, the maintenance effort, and the

time required for the realization of the practice in

the lab or classroom. One variable can be as-

signed to each time: tp for preparation-mainte-

nance, and tr for realization.

� results: the results obtained can be measured in

terms of the score achieved for cognitive level (rcl)
as well as for learning motivation and affective

dimension (ra).

A formula can be established to measure the abso-

lute efficiency of the methodology taking into ac-

count all the variables:

effabs ¼ �r� tp � tr þ rcl þ ra ð1Þ

The same equation (1) can be given in relative

value �eff, as the difference between the play-based

absolute efficiency, effabs/play, and the second

method absolute efficiency, effabs/other, as in (2):

�feff ¼ �rþ�tp þ�tr þ�rcl þ�ra ð2Þ

Dimensionless units should be preferred for all
the variables, so they can be scored with respect to

reference values. Weightening the different vari-

ables can be considered if it is needed to remark

the importance of any of them under a particular

situation.

5. Conclusions

In this paper we have analyzed one pilot experience

developed at the graduate level of an engineering
degree. We can state that education has evolved

from a teaching to a learning focus and the incor-

poration of active learning is the way for this

transformation. Active learning based methodolo-

gies have demonstrated to be more effective than

passive learning. We analyzed that the use of active

learning methodologies results largely suitable for

the teaching of technical disciplines such as engi-
neering.

We conclude that simple experimental tests can

facilitate the acquisition ofmost important concepts

that students will need to use and apply as profes-
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Fig. 14. Boxplot of scores for lab practice block #3.

Table 1. Score results for radiogoniometry survey taken by students not participating
in the through-play experience

Year
Students survey/
total

Average
score

Minimum
average

Minimum
average

Average time
used

2006/07 43/46 3.67/5 1.55 5 11min 57s
2007/08 53/72 3.4/5 1.2 4.9 9min 44s
2008/09 42/47 3.67/5 –0.8 5 10min 44s



sional engineers after the graduation. We presented

themethodologydeveloped and thematerial needed

to carry out this practice. The pilot experience

showed a large level of enthusiasm and satisfactory

feeling among students. It demonstrated that the

lack of fun, seriouswork canbedone, timeproblems
The good results achieved encouraged the tea-

chers to repeat the experience next year trying to

introduce some novelties thanks to the developed

and tested methodology and the available material,

as well as the experience acquired by the teachers.

In the evaluation method, it results necessary to

implement a form of differentiating the individual

and the group scores in the lab practices. The design
of individual surveys may be a solution and it is

of easy implementation thanks to the available

eLearning platforms.

In future, the learning route chart hopes to be

incorporated as part of the eLearning platform, and

the Open Source Course Management System,

Moodle [40], seems to be a valid option to imple-

ment this learning management system.
The equation proposed to estimate the efficiency

of the through-play methodology evidences that it

depends of a balance between risks or disadvantages

-basically resources, time-, and benefits, mainly

represented by the learning results.

Even when the student’s motivation principle has

been occasionally hardly questioned, and in [41] we

can read even a claim to leave this point as a
criterion to design new teaching methods, we do

not agree this abrupt claim. However, we consider

that a new definition of student’s motivation should

be discussed not only in terms of affective dimension

but also spreading it to include the learning motiva-

tion. The through-play methodology appears as a

most than suitable instrument for this purpose.

Acknowledgments—This work has been supported by People
Program of 7th FrameWork Programme (2008 Marie Curie
IOF Action).

References

1. Kwon Homin, V. Berisha, V. Atti and A. Spanias, Experi-
mentsWith SensorMotes and Java-DSP, IEEETransactions
on Education, 52(2), 2009, pp. 257–262.

2. J. Frolik and M. Fortney, A low-cost wireless platform for
first-year interdisciplinary projects, IEEE Transactions on
Education, 49(1), 2006, pp. 105–112.

3. A. Carlosena and R. Cabeza, A course on instrumentation:
The signal processingapproach, IEEETrans.Educ., 40,Nov.
1997, p. 297.

4. A.J. Camps, A radar course at undergraduate level: an
approach to systems engineering, IEEE Transactions on
Education, 46(4), Nov. 2003, pp. 497–501.

5. F. D’Alvano and R. E. Badra, A simple low-cost laboratory
hardware for noise generation, IEEETransactions on Educa-
tion, 39(2), May 1996, pp. 280–281.

6. A. J. Lopez-Martin, Teaching random signals and noise: an
experimental approach, IEEE Transactions on Education,
47(2), 2004, pp. 174–179.

7. J. Z. Zhang,R.A.Adams andK. Burbank, The design ofRF
labs using Mini-Circuit modules to improve the quality of
teaching in a course on wireless communications and sys-
tems, World Transactions on Engineering and Technology
Education, 2005, 4(1).

8. E.-M. Järvinen, The Lego/Logo Learning Environment in
Technology Education: An Experiment in a Finnish Con-
text, Journal of Technology Education, 9(2), 1998, pp. 47–59.

9. E. Bilotta, L. Gabriele, R. Servidio and A. Tavernisev,
Learning by Playing. Game-based Education System Design
and Development. Chapter: Edutainment Robotics as Learn-
ingTool. LectureNotes inComputer Science, Springer, 2009,
Berlin.

10. A. W. Chickering and Z. F. Gamson, Seven Principles for
Good Practice,AAHEBulletin, 39(3–7), 1987, ED 282 491. 6
pp. MF-01; PC-01.

11. V. Gámiz Sánchez, Learning by doing, EAH, March 2007.
12. C. C. Bonwell and J. A. Eison, Active Learning: Creating

Excitement in the Classroom, NTFL, 2008.
13. W. J.McKeachie, P. R. Pintrich, Yi-Guang Lin andD.A. F.

Smith, Teaching and Learning in the College Classroom: A
Reviewof theResearchLiterature.AnnArbor:Regents of the
University of Michigan. ED 314 999, 1986, 124 pp. MF-01;
PC-05.

14. J. Bruner.Acts ofMeaning, HarvardUniversity Press, ISBN
0674003616, 1992.

15. W. Thalheimer, People remember 10%, 20% . . . Oh Really?,
on-line available at www.work-learning.com, 2002.

16. E. Dale, Audio-visual methods in teaching, New York: Dry-
den, 1969.

17. National Training Laboratories (NTL) for Applied Beha-
vioral Science, 300 N. Lee Street, Suite 300, Alexander, VA
22314, USA.

18. J. G. Penner, Why Many College Teachers Cannot Lecture.
Springfield, Ill.: Charles C. Thomas, 1984.

19. J. Stevenson, Developing Technological Knowledge, Inter-
national Journal of Technology and Design Education, 14(1),
2004, pp. 55–73.

20. J. Martı́nez Aldanondo, E-learning en Blanco y Negro,
Learning Review, nº02, 2006.

21. D.A.Kolb,Experiential Learning—Experience as the Source
of Learning and Development. Prentice-Hall, New Jersey,
ISBN 0132952610, 1984.

22. C. C. Seepersad, M. G. Green and K. J. Schmidt, Learning
Journals as a Cornerstone for Effective Experiential Learn-
ing in Undergraduate Engineering Design Courses, Univer-
sity of Texas at Austin, ASEE Annual Conference and
Exposition, Chicago (USA), 2006.

23. M. J. Durán, S. Gallardo, S. L. Toral, R. Martı́nez-Torres
and F. J. Barrero, A learning methodology using Matlab/
Simulink for undergraduate electrical engineering courses
attending to learner satisfaction outcomes, International
Journal of Technology and Design Education, 17(1), 2007,
pp. 55–73.

24. L. Anido, M. Llamas and M. J. Fernández, Internet-Based
Learning by Doing, IEEE Transactions on Education, 44(2),
May 2001.

25. N.Whitton,Motivation and computer game based learning,
Proceedings ASCILITE, Singapore, 2007.

26. R. Koster. A Theory of Fun for Game Design. Scottsdale,
Arizona: Paragylph Press, 2005.

27. L. P. Rieber, Seriously considering play: designing interac-
tive learning environments based on the blending of micro-
worlds, simulations and games, Education and Training
Resource and Development, 44, 1996, pp. 42–58.

28. L. P. Rieber, Designing learning environments that excite
serious play,ProceedingsASCILITE,Melbourne, Australia,
2001.

29. K. Elleithy, T. Sobh, A. Mahmood, M. Iskander and M.
Karim. Advances in Computer, Information, and Systems
Sciences, and Engineering. Chapter: ‘Can a Game put En-
gineering Students in an Active Learning Mode? A First
Experiment in Sustainable Agriculture Teaching’. Springer
Netherlands, ISBN: 978-1-4020-5260-6, 2007.

30. Wai-Tak Wong and Yu-Min Chou. Lecture Notes in Com-
puter Science. Chapter: ‘An Interactive Bomberman Game-

Ana Vazquez Alejos et al.548



Based Teaching/ Learning Tool for Introductory C Program-
ming’. Springer Netherlands, ISBN: 978-3-540-73010-1,
2007.

31. R. Lawrence, Teaching Data Structures Using Competitive
Games, IEEE Transactions on Education, 47(4), May 2004.

32. N. B. Priyantha, A. Chakraborty and H. Balakrishnan, The
cricket location-support system, in Proc. 6th Ann. Int. Conf.
Mobile Comput. Netw., 2000, pp. 32–43.

33. T. M. Connolly, M. Stansfield and E. McLellan, Using an
OnlineGames-BasedLearningApproach toTeachDatabase
Design Concepts, The Electronic Journal of e-Learning, 4(1),
2006, pp. 103–110.

34. J. R. Savery and T. M. Duffy, Problem based learning: An
instructionalmodel and its constructivist framework,Educa-
tional Technology, 35, 1995, pp. 31–38.

35. P. Sancho, P. Moreno-Ger, R. F. Fernández, B. Fernández-
Manjón, Adaptive Role Playing Games: An Immersive
Approach for Problem Based Learning, Educational Tech-
nology & Society, 12(4), 2009, pp. 110–124.

36. J. Torrente, P. Lavı́n-Mera, P. Moreno-Ger, B. Fernández-
Manjón, Coordinating Heterogeneous Game-based Learn-
ing Approaches In Online Learning Environments, Transac-
tions on Edutainment II, Lecture Notes in Computer Science
5660, 2009, pp. 1–18.

37. J. Pollard, Problem centred learning-to-research, 33rd An-
nual Frontiers in Education, S4D- 21–4, 3, 2003.

38. eLearning website at University of Vigo, http://faitic.uvigo.
es

39. Claroline eLearning & eWorking platform, http://www.
claroline.net.

40. G. Sindre, L.Natvig, andM. Jahre, Experimental Validation
of the Learning Effect for a Pedagogical Game on Computer
Fundamentals, IEEETransactions onEducation, 52(1), 2009,
pp. 10–18.

41. R. E. Flinn and D. L. Crumbley. Measure Learning Not
Satisfaction in Higher Education. American Accounting As-
sociation, TLC Section, Florida, 2009.

42. Moodle, http://moodle.org/

Ana Vazquez Alejos received theM.S. degree fromUniversity of Vigo, Spain, in 2000. She has completed her Ph. D. thesis

on the radio channel characterization for the millimetre wave frequencies, working in the band of 40 GHz, in 2006. Since

2000, she has been working at the Departamento de Teorı́a do Sinal e Comunicacións, University of Vigo, as research and
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