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1. Innovation

This work reports on a novel use of Information a@dmmunication Technologies fora pilingual e-book
concepts, methods,
procedures and hands-on
de Instrumentacdo para Medic@o/Laboratories ofunstntation for Measurement” (URL -activity: combines text
and sketches, animations

http://paginas.fe.up.pt/~trestivo/EUNIS/LabIM.pdf) deals with concepts, methodsﬁgure&Videosalnd

composing an electronic book on the measuremddt fidne bi-lingual e-book “Laboratérios

procedures and hands-on activity and it combinescskes, figures, animations, videos arigmote and virtual labs
remote and virtual labs on the measurement argéegrating many types of multimedia

within the written material. The complete electformat used is inspired in the Confucian

wisdom, “what | hear, | forget; what | see, | mamember; what | experience, | know for

life”, Confucius (451 B.C.).

Concepts are normally presented and describeddksbdn the present e-book, contrarily t(ghiske'kmo'“’s traditional
00KS

what is traditionally used for presenting concepley are mainly treated by exploring

Experiments reproducible

in any lab, anywhere

also possible to reach experiments at FaculdadEndgnharia da Universidade do Porto

Free access to remote and

virtual labs

dedicated experiments. Those are entirely descuineldso, reproducible in any lab but it i

(FEUP), remotely available and specially develofeedhis purpose.
By accessing remote and virtual labs at FEUP theak users will be also in contact with

) . ) ) ) ) Contact with “hard” Tl
this particular type of Information and CommunioatiTechnology (IT) and will become
aware of the experiment instrumentation requireséat allowing this interaction — at least
of some of them!
The present e-book has been conceived and desigyetie authors in a Task Based,, paseq Leaming
Learning (TBL) approach. In TBL the tasks are canto the learning activity and studentgpproach and Bologna

scopes

may also be developing a remarkable range of @iffieskills, which is aligned with Bologna

goals. In fact, materials are integrated with ladsssons within Instrumentation for

Measurement courses in engineering or sciences,arsag the structure based in: TBL structure adopted
. To introduce the topic (main objectives and impatrizoncepts) and to the task —
(pre-task);
. To perform the task and to plan an oral reporturifd) task);
. To present to other colleagues and to discusstgesijend-task);
. To synthesize and to think deeply using open qolesti (after task).

For helping this last stage a set of related opegstipns is available, following each Chapter
final synthesis.

The option for a TBL instead of a PBL (Project Basearning) approach is related with the
present teaching/learning activity with large céesss

The e-book is written in the authors native langubgt it also has a version in English. So,

Its lingua franca version
being useful for native students it is also sugafur students in general or in a mobilitynakes it useful for

process. In fact, switching into thiegua franca version is very simple, and so just a “click® Yo"

is required if the Portuguese speaking user desirdge familiar with the technical subject

terminology for later searching.

In what concerns its electronic navigability, théak has been conceived for offering, agectronic navigability

regarding similarities to
much as possible, a similarity to a traditional kol is also important to add some othefaditional books
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comments on the electronic type of navigation thlothe e-book. In the first contact the
book offers the title in both languages. By selggtbne of them the user is conducted to the
corresponding version: in Portuguese or in Enghsg, 1.

Once in the chosen version the user has to clickherarrows at the bottom of each page,
near the page number. With four clicks the indexeached. Here it is possible to decide
where to go: preface, prologue, foreword, acknogdsdents, chapter index or bibliography.
From now on in addition to the navigation arrowsrthis a top menu. Within each chapter
different sections are associated to distinct t@gmunlevels, which offer a very easy way of

swapping over from section to section, Fig. 2.

LABORATORIOS DE
INSTRUMENTAGCAO
PARA MEDICAO

3.4 Experimental characterization of a
potentiometric transducer

istic of the
potentiometric transducer, having the incremental linear encoder as working
standard

m Select i the signal concentrator the output comresponding to the
potentiomatric transducer. Selectthe 2V range in the voltmeter.

On the transducer setup 3, displace the siding panel bringingit as
close as possible to the transducers, Writs down the value read

‘on the voltmeter comesponding tothe potentiometric transducer
voltage output,

Setthezero of the incremental encoder, using the 'C” and X" keys
ofthe respective position display. The position is presertted in
millimetres,

Fig. 1 — The e-book cover Fig. 2 — Navigation: topnu levels and double arrow

At each new level there is always a double arrotherlower left corner for switching to the

first page of the higher level subject. The stremtiunavigation tries to recreate the fast way

readers use in order to find a specific subjech traditional book.

With daltonic individuals in mind the navigationing the top menus relies not only on th%a'toni? i”g“’id“a's and
€ navigation

color but also on a numbering base.

The adoption of a completely electronic format,edfig a more efficient and harmoniou%f. : :
icient and harmonious

integration of a wide range of contents, also f@&tés the production of new editions, evehtegration of contents

. . o . . . . _and edition cost benefits

when including additional materials. It is the argi intention to further explore other topics

within Laboratories of Instrumentation for Measusst So the electronic edition is the ideal

option for easy and economic updating, as well @supdating or adding new remote

experiments.

It is the authors' intention to further explore athtopics within Laboratories of

Instrumentation for Measurement. So the electreuiition is the ideal option for easy and

economic updating, as well as for updating new termexperiments and their technical

updating requirements.

The free access for any user to remote experinsreEUP, completely integrated in some -
unique characteristic

of the e-book topics, gives todtunique characteristic
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2. Pedagogy

Objectives within
The educational objectives of the present workieiins of Bloom'’s taxonomy principles,Bloom’s taxonomy
are: principles
e to convey metrology concepts and terminology;
- to offer a basic background in laboratory and imdais measurement principles,
metrology and procedures;
» to practice the evaluation of error analysis andsnesments;
« to promote ‘hands-on’ laboratory activity;
« to develop the students’ capacity for analyzintgrpreting, criticizing and reporting
results;
e to encourage student initiative and imagination;
e to make student familiar with new technologiesrimote access;
e to reinforce students teamwork skills, personapoesibility, self-organizing and
conflict-solving capabilities;
« to improve students autonomy according with Bologr@mmendations;
« to provide self-assessment of the student masterfirsyibjects by proposing open-
ended questions based on the given materials.
< to intensify active/collaborative/cooperative laagactivities;

e to attempt to teach how to learn.

Nowadays printed technical manuals are often com@fted with the inclusion of a CD-Electronic format allows
o . . . . an easy integration of

ROM, which is not used very often. In the preseasteg taking into account the diversity fany types of contents

multimedia components easily available, the compjetlectronic format allows an easy

integration of a wide range of contents: text, iemgsketches, videos, animations,

simulations and remote and virtual experimentstiidse multimedia materials are integrated

in order to invite the user to explore them.

Moreover, given the contributions of neuro-lingisigtrogramming to education, the authorgeyro-inguistic

consider that the format adopted is adequate taliersity of psychological and learning""ution

profiles of the large target audience used by thestbped materials.

According with the different Kolb's learning stylemd his learni | ts theoroo o Ko
ccording wi e different Kolb's learning stylemnd his learning cycle concepts thg ' oo

authors believe that the format adopted is adeqieathe diversity of psychological and

learning profiles of large target audiences. Asidosity, figure 3 shows the learning styles

of the first student group that has used this ekboo

For avoiding dispersion readers attention hypeéihkext is not used. Hyperlinks are only

used at the Bibliography (Generic and Specific Biplaphy) level.
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Estilos de Aprendizagem de EM0036 - Electrdnica e
Instrumentacéo (2008/2009 - 1S)

Fig. 3 — Learning styles for the first course uding present e-book

This e-book comprises 13 modules (or chapters)h bae presents a clearly defined learning

objective, the essential concepts and a step-lpy-gtiede for performing the experimentak-book structure
activity, various types of complementary multimedantents and a final synthesis. A set of

open questions that closes each module is intetadgvide formative assessment.

These open-ended questions aim to encourage the tasendertake their own analysis and

further elaboration of additional questions as acelient way to achieve deeper learning™a!"e assessment
Formulating questions and finding additional prodemay be the single most important tool

in facilitating the learning process.

The e-book also aims to contribute to the dissetiinaof experimental activity in Experimental aciiviy
engineering and science education areas and tditdteci the conception, tuning andiissemination
exploration of experimental systems for laboratimayning. The full technical description of

the equipment is provided to make the setups easjbyoducible. In addition access to

remote experiments has been made available.

At FEUP, several experiments have been developethanfield of Instrumentation for Remote abs
Measurement to be available for everyone, everysyldth/day, 7days/week. Some of them

specifically regard metrological concepts and meagu methodologies such as the

calibration procedure of a temperature systemstraghtness evaluation of a surface, and

the system for mechanical material characterizatioAll are available at

http://remotelab.fe.up.ptfigure 4, and are totally embedded within consegtd activities

along the e-book, figures 5, 6 and 7. In addittbr, Michelson interferometer (as an example

. . . . o . Michelson interferometer:
of system traceability for the SI unit of lengthritetrological laboratories) is also avaﬂablgﬁrtﬁ;ol;')nf;rffgzme e

and a simulator of the real system, with higherrdegof flexibility and more interactivity download
than the remote interferometer itself, is accessibfor free download at

http://remotelab.fe.up.pt/otherexperiments.html

The authors believe that on-line experiments ar@@able complement in a blended-learningontribution to a blended

approach; they should never substitute the realdan activity supported by well conceived?a™nd approach

experiments.
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e Remote experiments
L1 e T T integrated with
E

measurement concepts
access to remote experiments 1 et = celibaation and proceedures

procedure of a Pt  transmitter

system

BB Tempeia e callbation procecre

Figure 18- Control grantecl message.

Fig. 4 — LIM remote lab web site Fig. 5 — Temperatcalibration procedure

2 Straightness evaluation Mechanlc_al rr-laterlal
characterization

ANIMATION . System for straightness evaluation

ANMATION - System for mechanical mater ial characterization

AHATION . Strsightness evalustion ANMATION . Bending beam satup

Straightness evahustion =

RBMOTE
e i

Mechanical material characterization

When your on-line sessien starts, your browser should present a user interface

When your on-line session sta) ur browser should present a user interface
similar to that in figure 23: o s, yo! P

similar to that in figure 26:

Mechanical Material Ch
T :EI
nim p A ¥
e
5

Figure 23: "Control granted” message

The "Control aranted" message confirmis that you have control of the
experiment. You may now statt by introducing the test parameters:

Figure 2& Contiol granted mesage

am =

Fig. 6 — Straightness evaluation Fig. 7 — Mechdmeterial characterization

The students may revisit any of the on-line experits, any time they intend to do sog\\;::;agfeanytime for
explore and/or repeat them, as a complement tadahkecore of the present experimental

course in Laboratories of Instrumentation for Meament. A booking system is available to

permit convenient personal booking timetable. Al tremote experiments include a IiV(\a/ioleo o better realism
video feature to help to overcome the remote sdnaf he video is particularly important, as

in the present experiments, where there are giemtind systems time varying responses, as

well as movement of mechanical parts.

Bearing in mind some of the Bologna recommendatmmshe enhancement of engineeringe e aps/autonomy
education, the access to remote experiments mayhale to improve students’ autonomy?2nd Bologna

inciting them to acquire the ability to do the enpents by themselves, and so contributing

to stimulate “student centered learning”. FinaBjudents have the opportunity to become

familiar with this technology and their possib#isi.

In any case, there is no doubt about the pedadogalae of remote labs when wellregimony of pedagogical

integrated in a course content, as can be confirbyethe testimony of students included?ve
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below in the usefulness and benefits section.

The authors believe that this work conception dbates in an important complementaryie|ps to improve either
group or individual
activity

skills of each element in a group, and for b-leagnapproach, by using remote and virtual

way for both the hands-on approach generally irugractivity, improving the individual

labs or open questions for formative assessmemiyistting the work at the individual level.

The formative materials along all the work shouldvyide a personal barometer. Individual barometer

3. Technology

This e-book is in a PDF format, maybe the most poermat. In fact all platforms are ablePDF documents

to gain access and read PDF documents. It reqgthieeficrobat Reader but this software is

usually available in the computers and, if notab be freely downloaded. PDF is also really

good at preserving the appearance of a documerfoapdinting out the pages of the e-boolqzrre;ﬁ:ggg the sppearance
As in any traditional book, any owner is legallyoaled to use a photocopy of it for his/her

use. In this copy or even in the real book, manysfise to write notes or comments. In this

case, once the e-book is recorded in the owneopalpc, using a functionality of Adobe

Acrobat it is also possible to record personal maskd comments within its materialsRecording personal marks
Printing the e-book pages will also allow the useget a pretty paper format of the e-bool?,nd comments

which has been proved to be still important for ynpaople, even young people.

In PDF documents it is possible to include all theltimedia contents, as animationg,inks to all mulimedia
COfnponents and extra

simulations, videos, remote and virtual labs, al agother pdf documents as is the case of .

appendixes to the different issues. Figures 5,d67aare examples of pages where the access

to animations and remote experiments are available.

The e-book has also Adobe Flash applications tlawdhe “interaction with the contents”;zi';zr:;tri‘;enrs““"e
those are embedded in a html page and so a brisugsuired. Figures 8 and 9 are examples

of two interactive simulations.

The remote experiments accessed through the edredktegrated in a Moodle platform and

they use a web server based on LabVIEW, a videgesdor providing as much realism as

possible and a booking system developed as anstateof the Moodle platform. _ ,
Simulation examples

Temperature measurement with a k-type thermocouple

Digital tachometer based on a barrier- type optical detector

uuuuuuuuuuuuuuuuuuuuuuuuuuu

6000 rpm == @ 6000 rpm

Fig. 8 — Barrier type optical detector Fig. 9 —ype thermocouple measurement
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4 Usefulness and benefits

Undergraduate
The present e-book has been tested with undergeaduechanical engineering students as:chanical engineering

. . . . . . tudent
well as with postgraduate students from other dffié fields of science and engineering. slucents

A dedicated questionnaire has been prepared amdoselhthe registered students (121). The
. Questionnaire and free
answers sample is of 45. On the free comments lilagg referred the work as very wellomments

structured, synthesized and a valuable conceptaahing material, as a very good support
for training hands-on activities, thinking critibgl analyzing, evaluating, predicting and
solving problems in an innovative and autonomoug.\Wéey considered this e-book as a

good support to relate information to their own em@nces and previous knowledge, to

. . _ Students interest in
promote understanding and even to help long-tertent@n. The access to onlingemote labs — free
Bmetable and contact
with new technology
the flexible 24-hour a day, seven days a week laility as the user desires and providing

experiments has also been considered of interetiidgossibilities offered, especially due t

contact to all of them with new technology. Somsules based on the grade mean value for a

set of selected questions is now included, Table I.

TABLE | Examples of questions
STU DENTS QUESTIONNAIRE RESU LTS and results — mean value
Question about ... Mean value
The e-book as a valuable learning material 95%
The use of different multimedia contents on clanifyconcepts, 91%
methodologies and practices
The e-book structure: chapter organization 92%
The open-ended questions on the correlated issues 3% 8
The electronic navigation 88%

Considering the statistics of Instrumentation foeddurement course since its first editiogudents performance
(1999/2000), which are really impressive, it is gibke to conclude that the failed student&ved
percentage decreases to 0,8%, figure 10, for tee dourse using the e-book (2008/2009),

from the previous mean value of 6%.

2008/2009 Assessment

028,93 [ 70,25

m0,83

@ Approved
| Failed
0O Gave up

Fig. 10 — Course results

As a note, it should be clarified that the highgeetage of gave up students is due to the
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current free scheme of course registration.

From the pedagogical point of view this work wom tB-learning in Practice 1st place ni'ii?é“j' and international
“Supporting Materials for On-line Learning” categoof the 5th Competition within the
International Conference ICETA 2008, Slovakia. Hdhalso the 1st place Multimedia
Contents category in Prémio ZON Multimedia, Crimtade em Multimédia, December 2008,

Portugal.
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