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Abstract
We present how a virtual learning environment that specifies contents, objectives and metrological concepts, can
provide in-service training to new teachers sharing the course with the authors. Specifically, the virtual environment
gives them the opportunity to get acquainted in advance with the course material, decreases his or her anxiety with
some parts and topics of the course, helps them to participate more fully in it and to tackle the course in a collaborative
spirit which helps students to positively assume their own team work in the lab.

Keywords: Research in physics education, Use of Information technology in teaching science, Active learning of
science.

Resumen
Presentamos como un ambiente de aprendizaje virtual que especifica contenidos, objetivos y conceptos metrologicos,
proporciona entrenamiento a profesores nuevos que comparten el curso con los autores. Especificamente, les brinda la
oportunidad de conocer de antemano el material del curso, disminuye su ansiedad con relacion a algunas partes y temas
del mismo, les ayuda a participar mas en ¢l y a asumirlo con un espiritu de colaboracion, que facilita a los estudiantes a
adoptar positivamente su propio trabajo en equipo en el laboratorio.

Palabras clave: Investigacion en ensefianza de la fisica, Uso de la tecnologia de la informacion en la ensefianza de la

ciencia, Aprendizaje significativo de la ciencia.

PACS: 01.40.Fk, 01.40.Ha, 01.40.gb, 01.40.J-

I. ANTECEDENTS

At the Basic Science and Engineering Division of the
UAMI courses of initiation to experimental work with basic
metrology concepts are offered to pupils of the second and
third trimesters of the Basic Trunk, common to all the
Division curricula. Two professors from different
departments of BSE share the teaching, usually from those
of Physics and Chemistry, modality which started in 1998
and since then we have given some training for teachers to
teach the Experimental Method I and II courses.

The objective of these courses is to offer students an
harmonious work environment where they acquire basic
skills of observation, knowledge and correct use of
measurement instruments, estimation and calculation of the
propagation of  uncertainties, graphical analysis,
determination of empirical models for the studied
phenomena, their comparison with theoretical models and
the determination of relevant parameters derived from the
experimental work, paying special attention to get students
to learn to word technical reports in which they clearly
communicate the work performed, identifying its relevance
and the quality of measurements.
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In the Physics department we are aware that, because
pupils are young freshmen in the university, it is important
for us professors to offer all of our attention and experience
in order for them to achieve their adaptation to the
academic environment and acquire the necessary
knowledge to become successful professionals capable of
solving the problems of their time [1].

Often, in the Experimental Method courses one of the
professors lacks experience in teaching experimentation
and metrology and the course thus becomes a challenge for
the professor with little expertise. In addition to interterm
workshops, these professors usually extend their training by
watching and trying to adapt and support the way topics are
presented by the more experienced professor, through the
interaction with him or her and the pupils, and profiting
from whatever materials are available on the course.

II. BACKGROUND

We follow the cooperative learning approach which is an
educational modality for working, learning and teaching for
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students and teachers which profits from advances in
science such as the Information and Communication
Technology ICT as well as research about mediation
processes in the classroom. Accordingly, the educator’s
work is more professional in the measure in which it relies
on science and counts on a method, since his activity must
be endorsed by science and the scientific method.
Proceeding scientifically allows a better understanding of
what is being done, facilitates communication between
professors sharing the responsibility of teaching and the
pupils who learn, generates confidence in applying
critically and responsibly previously tested material that
diminishes the possibilities of failure, offering alternative
scenarios, contingencies are foreseen and decisions are
made when the accomplishment of educative objectives
may be at risk, increases the control of the whole educative
process and, in each of its parts, helps to systematize the
work done, appraising successes and insufficiencies, and
warrants results according to the conception, method and
strategies used [2, p.11].

We are interested in mediating between the pupil and
the learning content to improve his progress in the
development of his observing, classifying, analysis,
reflection, decision and conclusion making, obtaining skills
through the interaction and interchange with his peers [3].
We try to favor the development of thinking abilities to
discover and study phenomena and to apply creative and
innovative strategies that contribute to transform the
environment of our pupils.

Promoting peer cooperation to achieve learning implies
to direct pupils to act jointly with each other to reach a
common goal. This requires attaining that students take part
in their teaching-learning process [2, p. 42].

To attain a personalized attention in the group we need
to resort to distinct strategies with ways of organizing
teaching that favor each and every pupil in the class. We
search for every student to have the chance to show his
talent in a given moment, which will help him to have a
better self-perception towards studying. Cooperative
learning requires every lesson to be structured with
different moments and teaching strategies to favor using the
whole brain, intensifying and diversifying the participation
of pupils in class [2, p. 51].

The facilitator’s role demands our relation with students
to favor their learning, stimulate the development of their
potential, correct deficient cognitive functions, propitiating
the pass from an initial state of not knowing, not doing and
not being to other qualitatively superior of knowing, doing
and being, i. e., to offer them the required help for them to
reach the zone of potential development. Thus, our
intention must be clear, and we should promote reciprocity
and stress the transcendence of the present moment.

The mediating tasks (facilitation) require to reach a
mutual activity-communication relationship (reciprocity) in
which both mediator and pupil participate actively in search
of learning; having very clear what we want to accomplish
and how (intentionality); help the pupil to find the tasks’
meaning and therefore to make them his or her own
(meaning); project into the future the relevance of the work
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in class going beyond the present; create a new system of
needs that move pupils to later actions (transcendence);
awake in them the confidence that they are able (self-
esteem) and the regulation of impulsivity, so that they
manage to think before acting [2, p. 56].

Cooperation occurs when one of the team members
perceives that he may accomplish the goal if, and only if,
all of them work together and everyone puts his share. As
facilitators, we must promote that the cooperative
interrelation among classmates gives them chances to do,
say and feel; support them according to the needs they
show, growing  expectations, constant  positive
reinforcement; different perspectives on the same topic;
models that they can imitate; development of cognitive,
social and affective skills [2, p. 58].

Learning is a consequence of thinking. Retention or
memory, comprehension and active use of knowledge can
only be accomplished by learning experiences in which
pupils think on and with whatever they are learning [4, p.
104]. Without an emphasis on thinking, reaching a deep
understanding of contents is practically impossible.
Teaching to think, quite difficult task in this stage of life,
underscores the student’s autonomy and independent
enquiry. We also know that the sensations of control and of
competence are essential to motivate students [5, 6].

Since we work towards accomplishing successful
professionals in science and engineering, we are also
interested in helping them develop a critical thought, i. e.,
that they have the ability and disposition to reach
conclusions and to evaluate them based on proofs,
confirming conclusions with facts, identifying the implicit
suppositions, recognizing excessive or too tenuous
generalizations, identifying the relevant and irrelevant
information, as well as biases, stereotypes, clichés and
propaganda to correctly eliminate them [4, p. 107].

We have oriented students in search of autonomous
learning for them to develop competences to face
challenges, solve problems and interact with others [7].

Considering that the cause of failure and difficulties
pupils face to succeed in the experimentation labs is
multifactor, as Marchesi and Pérez [8] assert, we designed
with Moodle some resources of a virtual classroom that
allow us to pay attention to some of those aspects, such as
the professors’ training and incentives, teaching time,
curricular flexibility, continuous attention to the pupils’
needs, improvement of their motivation, expectations and
dedication to work and to offer them the means for self-
assessment of the process throughout the course.

A. Individual work

Teachers’ personal work and commitment are essential to
advise students in experimental work and the course topics,
to clarify doubts, coordinate activities, strategies and
experiments, to support students in discussion forums
proposing topics of interest to all; apply classroom
strategies for solving specific problems; evaluate and verify
the effectiveness of their proposals and teaching strategies,
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share their findings and concerns about the course and
students’ performance with the other teacher.

B. Cooperation

Aware of the importance of cooperation to achieve
meaningful learning in students, a common duty is to
combine efforts, creativity and experience to promote it in
the laboratory [4, 5, 6]. Discussion forums are excellent
means for collective reflection and deepening of knowledge
from the concrete teaching and learning situation in the
classroom and encourage the commitment to become agents
of change in acquiring personal and collective knowledge
of science.

III. VIRTUAL ENVIRONMENT EFFECTS

To complement presencial sessions in the lab, we took
advantage of Moodle’s resources to build a virtual
classroom where concepts are discussed, training is given in
information search and in planning the experimental
activities, in using measuring instruments and carrying out
complete experimental activities, including the numerical
and graphical data analysis, obtaining final results and
comparing them with values reported in the literature and
writing technical reports [9].
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FIGURE 1. Part of the principal web page in Moodle platform
supporting the lab class.

In Fig. 1 the numbers on the left side indicate the session
when topics indicated in the central column are seen. The
rightmost column shows tasks sent by pupils on the dates
and times shown. This information is very useful for the
teachers, allowing us to know which pupils are sending
their work on time and who didn’t. Identifying the
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difficulties that they had to do their work right away allows
us to help them with appropriate directions.

Links to the objectives, contents and way to evaluate the
course are included in the first session, for both pupils and
teachers to be aware of its planning, relevance, and
conduction and evaluation rules. This information turns out
to be very useful for pupils and teachers to organize our
time and get ready to carry forward a neat trimester with a
well defined work method.

Figure 2 shows an example of the contents pages
dealing with measuring instruments, their characteristics
and types.

* L3 capacidad de un instrumento es |z mawima magnitud que podemos medir con é| directamente, Cuando la magnitud por medirse excede la
capacidad del instrumento se requiere usarlo varias veces y esto introduce un error adicional en (2 madida.

» Lz resolucion es |3 minima division de! instrumento.

+ Lz incertidumbre por resolucion s relaciona Ia lectura més fina o pequaia que podemos realizar can un instrumento y s 2 mirima
diferencia entre dos valores que puedsn identificarss como diferentes, asociada con su resolucion

* Lamaremas iaciin 2 |a contribucidn a la incertidumhre que resulta de considerar la incertidumbre por resolucidn y la que intraduce e
observagor, que por o general, puede estimarse igual 2 |3 de Ja resolucion, Sin embargo, debe tenerse cuidada, porgue cuando se usa por
ejemplo un crondmetro de precisian, la incertidumbre que introduce el shservador por su respuesta, es bastante mayor que la de resolucidn del

instrumenta,
+ Lz sesibilidad &5 la respuesta que tiene el instrumento 3 un cambia en el valor meido que depende del mecanisma intemo de operaridn del
instrumento, Las caracteristicas de los instrumentos de medician emplezdos &l medir deben especificarse siempre

Caracteristicas especificas de cada instrumento

» Su mecanismo (algoritma) de operacidn.

» Suutiidad: si es legible, manihrable, adecuada para las dimensionss y caracteristicas particulares dal ohjeto de mediciar
» Lz calidad en su fabricacion

» La magnitud fisica que pueds medir: longitud, peso, valuren, temperatura, ete.

» L3 equivalencia de la medicion.

De |a cafidad de Ja fabvicacian de los instrumentas depende e que se puedan tener medidas equivalentes y compatitles, que concuerdan dentro de
|2 incertidumbre de aprecizcion, Por ejempio, una regla graduada 2| mifmetro producir medidas equivalentes, si el tamafio de |3 regla es estandar y
s sus divisianes comespanden efectivamente al patrn en milmetros. Tambien el estado del mstumenta afecta la mediian, por ejemgin, s por &
uso la regla tisne una zona ilegble, cusndo la medicion estd en esa zona se pisrde la resalucin onginal v no s puede realizar Ja lectura
canrectamente, a menos que se use un procedimiente que permita comegt esa situacian.

El instrument de medicidn indica la magnitud de la cantidad medida por medio de algin sistema indicador y requisre ser calirado. La caiihracidn
cansiste en obtener |z relacion funcional entre |3 magnitud medida y 13 indicacién, mediante |2 comparacién directa o mdirecta con una referencia o
in que engloha, posee o genera una magnitud fija o reproducible de Ia cantidad fisica que se toma como | unidad o hien, Jigdn miitigl o
n de |z unidzd. Entonces, cualquier medhdz puede evoresaree como un ndmero (gue es l2 razon de estas magnitudes) y el nombre de |z

Tipos de instrumentos
En general podemos distinguir dos tipos de instrumentos

» continuos, [0 que permiten rezlizar una lecturz mterpolando entre dos divisiones sucesivas de |z minima escalz, como e metro, 3 balanza
granataria y en general, instumentas analdgicos (multimetro de aguja, etc.).

» discretos, Ios que por su forma de operacibn o de medicien, slo permiten leer hasta una uridad de la minima division d escala, como e
crondmetro (Que avanza en pasos discretos), el vemnier (que se lee elgendo dos divisionss que conciden) y los instrumentos digitzles [cuya
lectura se muestra en la cardtula).

FIGURE 2. View of piece of web page for Measuring
Instruments.

The fact that the contents are on the web site eases the
development of support materials such as questionnaires
and exercises that encourage the students’ meaningful
learning.

In the first week of the trimester a diagnostic evaluation
is applied to students on the items that they should know as
a prerequisite to reach a good achievement in the
experimentation course. Fig. 3 shows some impressions of
students about how they felt finishing it and what they
planned to do to correct their deficiencies.
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. Re: Impresiones evaluacion diagnstica
da Dolores Avala Valizaues - dominge, 22 da mava da 2011, 18158

jones evaluacién diagnética
- midreoles, 18 de mayo de 2011, 11:13

Bueno, la verdad dudo que con este tipo de actividades alguien no se sintio un poco mal consige mismo con respecto a su forma de creer que esta
dando su maximo esfuerzo al estudio; y entonces pienso, que Io primero & cambiar para superar nuestras fallas son esas ideas sobre nuestras
capacidades
saludos
Mostrar mensaje anterior | Editar | Partir | Borrar | Respander
Re: Impresiones evaluacion diagnotica
de Dolores Ayala Vel zauss - damingo, 25 ds mayo de 2011, 19:01
Perfecto, es un buen camino para generar el conocimiento.
Mostrar mensaje anterior | Editar | Partir | Borrar | Responder
Re: Impresiones evaluacion diagnética
de 1024 Alfanzo Lomas Markina: - vismes, 27 de mayo de 2011, 19:57
Me senti mal apesar de que no sali TAN mal en el diagnostico, tratar de buscar més tiempo para repasar las deficiencias de conocimentos que tengo,
aunque es desepcionante que apesar de tener la idea de que e hecho ganas no sali mejor,
saludos.

Mostrar mensaje anterior | Editar | Partir | Borrar | Responder

Na te deprimas, Io importante es que ahora sabes que necesitas repasar algunos conceptos que creias manejar completamnete y todavia te fallan.
Animo
Mostrar mensaje anterior | Editar | Partir | Borrar | Respander

®  Re:Impresiones evaluacion diagnotica
QAL de ESTESAN VAZQUEZ - martes, 51 de mayo de 2011, 01102

Seria b Jontaros para 3.8 s odos podlimos sslucionar s55 Hetallss U6 0% hacen y s odos Aplucionar padta ser na opor®.
-4

FIGURE 3. Sample of forum: Impressions on the diagnostic
evaluation.

Among the views expressed is that of changing their idea of
their capability and to strive to fill information gaps in

order

to be better prepared. Also shown is the

accompanying of the teacher, who helped the students to
overcome their discomfort and take positive steps to
properly correct the situation.

laincertidusmbre de las medidas
de octaulo piscl - martes, 14 de junio de 2011, 11138

Bueno les comento que estos terminos son nuevos, para i i tenia I3 idea que los instrumentos tenian un margen de erfor pero, ahora ya entiendo con mas
detalle lo que son, como se llaman correctamente y varias formas de corregirlo.
Editar | Borrar | Responder

Re: la incertidusmbre de las medidas
de ignacio angel merida nieto - midreoles, 15 de junio de 2011, 15:46
Bues yo tambien sabia que tenian ese margen de error, pero esta complicado eso de sacar y caloular Ias incertidumbres, sobre todo cuando son funciones,
pero ahora se que se tiene tres tipos de incertidumbres:

absoluta: que es Ia minima unidad de medida divida entre dos

relativa se saca 3 partir de Ia Labsoluta entre I magnitud medida

1. porcentual: es la incertidumbre relativa multiplicada por 100

Mostrar mensaje anterior | Editar | Partir | Borrar | Responder

00 342 5 buerc saber e<o de las nceidunbres aurgue es Jn rimera insignficance aarz algunas mecidas y Fecer esa de Jerivadas es iy complczco a
veces y crea que si <& tiene tempe se puede Facer pero cuzndo tenes prsa para rii no s necesaio,

Ecitar | Barrar | Responder

Re: Hacerca de las incertidumbre
e Daloes Ayala Velizuez - juevss, 16 ce o de 2011, 15:31

az3rcz no lzva h
_as ircertidubres le dan cred kil dad a las metda, de maner que te conviens deja- de persa- en ellas como canidades rsicrificartss y desprciabes,

Mostrar mansajz arterior | Editar | Fartir | Borrar | Respcnder
Re: Hacerca de las incertidumbre

e arel garc « emes, 17 da jurio de 2011, 22144

2ues 5 la inzerticLbre puede ser muy pegu2ia pero come dice I3 maestra es lo que 12 dz credibiidac a la mecida es uy ivportant colocara en las
medicas que tengamos

Moscrar rrenssje anterio- | Edtar | Parti | Borrar | Responder

FIGURE 4. Sample of forum: Measurement uncertainty.

Figure 4 shows another example of the students’ exchange
at the forum on the uncertainty of measurements. In this
forum, teachers can recognize in addition to spelling
difficulties, a form of expression with generalities from the
first student and the second one specifying concepts, while

the

uncertainties because he still does not catches on

third shows his reticence to learn the propagation of
its

relevance and a fourth classmate who told that although
small, they are important and encouraged him not to skip
them. This is very useful information for teachers because it
reveals that some students have not understood the
usefulness of determining the uncertainty of measurements,
allowing us to reinforce the concept and its use with new
exercises directed to clearly demonstrate their relevance.
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METODO EXPERIMENTAL
da tania agullar - midresles, 13 de junio da 2011, 15137

-
£1 metsdo experimental consisite en sequir una serie de pasos para recrsar algun fensmeno que nos causs curisidad, s es necesario se lters el ambiente y
las condicionss ds trabsjo,con esto podremos swplicar Sus causas y compertamientos.
£l metods experimental consta de partes esenciales para su proceso como son Ios objetivas, I hpotesis, observaciones, desarrollo, mediciones,
COmparaciones y CaNchisionss, 5 BSt0 reculta CORGTEnts, 56 COMrUEGa y o2 Verdadra, sstos recultades pecan 3 Ser rEVadS por ENpertas y
postariomanta seran publicados.

Edtar | Borar | Responder
Re: METODO EXPERIMENTAL
Tania
A no tienes del todo clara que es el métado experiments, recuerda que este método se fundamenta en o Método Cizntifico y utiiza camo pracssos lagices
Ia indiccién y a deduccion. Consiste en realzar actividades con I3 inaidad de comprobar, demostrar o reproduci Ciertos fendmenos hechos o principios en
forma natural o artfiia, para que 1o s (32) en bice & Sus propias Experiancias puBdan formlar HpGTEsis qus patan a traves del procesd ddicice
conduci a ganeralzacioncs cientificas, que pusdan verifcarss n hechos concretos en I vida diara
Mostrar mensaje anterior | Editar | Partir | Borrar | Responder
‘1 Re:METODO EXPERIMENTAL

D St souterlunes, 27 e de 2013, 1356
MUCHAS GRACIAS MAESTRA MARIA LUISA POR ACLARARME EL CONCEPTO DE METODO EXPERIMENTAL Y ME DA GUSTO QUE COVENZO A INTERACTUAR CON
NOSOTROS EN L PAGINA, PUES SINCERAMENTE NECESITABAMOS CON URGENCIA DE SU APOYO...... SALUDOS!I

Mostar mensaie anverior | v | Pari | Borar | Responder
© Metodo experimental

1 e ESTERAN VRZGUEE - mathe, 14 dejri de 2051, 11,31

| Re: Metodo experimental
D de slejandro rejas - martes, 14 de

i de ESTEBAN VAZQUEZ - miéreoles, 15 de junio de 2011, 21101

Es una clase que sirve para poder desarollar la capacidad de resolver problemas por una mismo, utiizando una manera distinta al pensar, cuestionandonos de
que maners suceden Iss cosas pero 3 I vez algo molesto al no obtener los resultados deseados. &
Editar | Borrar | Responder

experimental
~ martes, 14 de junlo de 2011, 11134

pues yo creo que tienes razon, pero yo creo que es una clase interesante ya que no es lo mismo I teoria, que la actividad experimental
Mostrar mensaje anterior | Editar | Partir | Borrar | Responder

sunio de 2013, 11181

lo primordial de este curso es ol entender los experimentos y abordarlos de una manera que se facilite la actividad, atravez de formas o metodos presisos y
de los cuales se tanga un mejor resultada abordando todos los detalles que podrian alterar los resultados esta facilita nusstra trabajo y sjercicia
Mastrar mensaje anterior | Editar | Partir | Borrar | Responder

Re: Metodo experimental
de Geraldime Bancs - ridreolas, 15 de junio ds 2011, 15141

£ frustrante, como en todo lo que no obtenemos los resultados que deseamoas, sin mbargo para poder evitarlo hay q estudiar sobre todo lo g no
entendemos. y tu Io sabes rifiio

Mastrar mensaje anterior | Editar | Partir | Borrar | Responder
Re: Metodo experimental

Claro tienss razon y con o apoyo entre nasotros lo podemos lograr, gracias por comentar &
Mostrar mensaje anterior | Editar | Partir | Borrar | Responder

FIGURE 5. Sample of forum: Experimental Method.

Since the focus of the course is experimental method, in
Fig. 5 we show a part of the exchange of views on the
subject held by 44 students from two of the groups taught
by the authors. The first part shows the exchange between a
student and one of the teachers of the course, who helps her

to

place the issue more clearly, to which the student

responds very gratefully. In the second part a student
comments on his impressions about the course and his
feelings about not reaching good grades and some
classmates who agree with him on his findings, look for
ways to encourage him and lead him to identify that a

useful means

is the reciprocal support among the

classmates. Notice that the different teachers’ participations

in

the forums of Figs. 4 and 5 are complementary.

15, Para estar al dia y colaborar efectivamente con mMIis Companeros Necesito
# Response.
1 estudiar con anticipacion y tener un poco mas de mente abierta
1 saber que es lo que se va hacer ya teniendo conocimentos previo
16. El orden, la planeacion y la organizacion son importantes en el trabajo experimental porque
# Response.
1 para no errar en los datas y ahorrar tiempo valioso que podemos ocupar en otras actividades.
1 sino se llevan puede causar en desastre o sino por ln menos que no se pueda acabar la actividad en el tiempo estimado
17. En la actividad experimental aprendi
# Response.
1 a trabajar en equipo y a medr
1 que hay que intentar hacer las cosas mas rapido asf como también intentar relajarse y preguntar si se tiene duda en algo al
momento y no esperar
18. El trabajo en Moodle debe ser
# Response.
1 o mas a tiempo y adecuado.
1 ordenado
19. Si investigo los conceptos asociados a los temas del curso puedo
# Response.
1 entender mas a los temas que se veran en clase y tener dudas que en el salon se pueden aclarar.

FIGURE 6. Sample of poll: Personal progress.

http://www.lajpe.org



Other very useful resource of the virtual page are the
questionnaires that can be used as a way of knowing the
students’ opinion about different subjets (polls) or as
formative evaluations of their progress in their learning.
Fig. 6 shows a sample of the first type with the opinion of
two students about what they need to do in order to fullfill
the course rhythm and covering all its aspects and
requirements including working in the Moodle pages and
their own iniciative participating in lab classes. These
answers also contrast the pupils’ comunication styles, one
with concrete proposals and intentions and the other with
more general and vague ideas. This information lets us try
to help the student who deals with generalities to stablish
concrete goals to let him achieve his purposes.

In Fig. 6 one finds that the two students who answered
think that investigating and studying the topics in advance
and having an open mind help them to collaborate; that
planning, organization and order prevent mistakes and help
to finish their tasks on time; that Moodle helps them to be
organized and do a more orderly work.

6. E trabajo en equipo es importante porque

" Response

podemos discutc ideas respecto de lo que se hace en el laboratorio

v peder resolver dudas que surjan en el mamento.

1 Con ello podemos discutir ideas y con el debate llagamos  una idea mas concreta y mas completa

1 Si sa dplica da m

decuada, pueds levarte por un comino mas Ficil, prictico y eficaz al momento de realizar ciarta

actividad. Adem: tuar con nuEstTas comy podemas conocer su punto de vista y ampliar &l nusstro, de
manera que sl uanap en equipo es fundamenta durants coda la vida y &n cualquier kugar.

1 Mejora la comumicacion 3l hacer las actividades de experimentacion tambien para que las actividades desarolladas se reabicen
&n forma coodnada

1 Hace posible reafimar los conec que se individusimente, conacer atros puntas de vista y otras formas de
responder o solucionar un proble

fomenta 3 la cor antre los alumnos, ayuda a que nos cono como parsonas y nos ayuda
cooperacién.Ade fundamental para sl sprandizaje cooper a gran manera de tomar una clase, ya que
Podamat Conocar &l U t VLA e varios COmPAMCS 3CArCS cal tama dBCUBAG

Comparamos resultadas y Con 250 podemos averiguar ermares personales, ademas de qua apoyandanas podemas faciitar vel
trabajo

me qyuda a relacionanme con diferentes personas

pues porque un buen trabajo &n BqUIRC NOS permite Sacarle 3 todos lo que Saben hacer bien y optimizar 1a calidad y el tiempo
de nuestro trabajo.

Se optimiza ef tiempo, se trabaja con mayor pracision, asi misma uno puade comparar resultados con los Compaieros ¥ ver si
hay algin ermor en lo reakzado ademds de darse una retroskmentacion

1 ambas meembros del equip aportamos diferentes ideas y hacemos una mesma, v es mas facil.
T aprendes casas de los demis, y te sientes menos presionado con las actvidades
1 ayuda a desenvalverse en un ambiente 3l que debes estar expuesto 3 las miradas y comentarios de otros colegas

FIGURE 7. Sample of poll: Team work.

Figure 7 shows the opinions at the begining of the course of
11 of the 25 students who answered about working as a
team. All of them coincide in the importance of working
together in order to achieve the goals of the course and of
exchanging ideas in order to get a common one that might
help them solve specific problems and aspects of the
course. Finally, they commented that in the experimental
activity they started to learn to work as a team, to measure,
to speed up their work and recognize the need of self-
confidence to make questions right away in order to clarify
doubts.

A part of the results of a formative evaluation containing
uncertaintites, systematic error and round up is shown in
Fig. 8. The blue text in the third column denotes the right
answers while the red text are the wrong answers. In the
fifth and sixth columns we find the number and percentage
of students who chose either answer. Formative evaluations
such as this are meant to let each pupil identify what he

Lat. Am. J. Phys. Educ. Vol. 6, Suppl. I, August 2012

440

Training to teach experimentation with a metrological physics bias
correctly knows or what concepts or ideas are not clear.
Pupils can repeat them a preset number of times along the
course until ideally he/she is satisfied with the results.
Besides indicating to each pupil if his answer to any
question was right or wrong, these results are very valuable
for the teachers to identify the topics in which pupils need
clarification or additional activities to achieve a good
understanding.

crédito| o | gon | % Facl. indice | Coef.
Prg | Texto dela pregunta Texto de la respuesta parcial | ! * |Correct. | DT | Disc. | Disc.
Incartidumbra ralativa : 0.025
Con una ragla dividida en milimetros se
mide el diametro  de una
(2390]  circunferencia v &0 ancuenira qus 5 =
e 8 arcuantn aue (1,00) | 9/20 |(45%) [ 43% |0,484| 0,70 | 0,59

de m
reiative el ciématra e

0.25 ) | /20 | (5%)
0.08 (0,00) (25%)

0.1 (0,00) | 1/20 | (5%)

Rasolucion instrumental § © £Qué tipo de error se

comete en la medicion?:

© tiempo da I3 caida ds un cbisto en | Cictomatice

1337 un plana inclinado es de

(Fi ? Pl linad 98 1.6 (1,00) |14/20 |(70%) | 43% |0,357| 0,60 | 0,58

Si se utiizé un crondmetro que se
adelanta 0.2 5 en cada minuto

Elvelar correcid dala
@5 1.68 5

ks (1,00) | 8/20 |(40%)

En un segundo se

adalanta: 0.0056 5 4,007 /'5/20" (4300

El valor corregido de ln
medicién exprasadoa | (1,00) | 8/20 |(40%)
las milésimas as: 1.604 5

Redondeado a las
centésimas el adelanto
en un segundo es de
0.01%

(1,00) | 4/20 |(20%)

El valor corregido de la

medicién es: 1,694 €0,00) | 4/20 | (20%)

(0,00} | 2/20 |(10%)

FIGURE 8. Part of a formative evaluation results on instrumental
uncertainties.

We used personal wikis for the pupils to write a diary
describing what they are learning in each of the sessions,
which requires from them a great deal of attention and
effort to recognize. Fig. 9 shows a sample from such a
pupil’s diary for session # 6. He recalls uncertainties,
compatible measurements, repeatability  conditions,
reproducibility, and propagation of uncertainties. Since the
format is completely free, this use of wikis lets pupils point
out, in their own words, what they understood, what they
thought or felt, etc. They are a practical means for the
teachers to supervise their learning or lack thereof and to
act accordingly.

Clase # 6

En esta sesidn aprendi muchas cosas nuevas que son muy importantes a la hora de realizar trabajos que involucren mediciones de todo tipo. Uno de
Ios conceptos mas importantes que revisamos fue el de incertidumbre, que es indispensable al momento de reportar un nmero medido con algun
instrumento de medicidn. La incertidumbre es el intenvalo de ermor que pusde tener una medida. esta varia dependiendo del instrumento que se sste
usando. En general la incertidumbre de cualquier instrumento de medicién se calcula tomando en cuenta su resolucién. la diferencia recae en el tipo
de intrumento que estemas uilizando. Por sjemplo. al usar uno cantinuo dividimos su resolucion entre 2. mientras que con no discreto se toma en
cuenta su resolucién talcual. por o tanto podemos decir que la incertidumbre en de un instrumento discreto es igual 2 su resolucién

A raiz de lo anterior surgen los conceptos de incertidumbre absoluta. que es aquella que se mide o se calcula, la incertidumbre relativa, que se deriva
de la incertidumbre absoluta y la incertidumbre porcentual. que se calcula a partir de Ia relativa pero shora tomando en cuenta al 100%

Otro tema muy importante que vimos fue &l de compatibiidad de medidas. que nos dice que dos o mas medidas son compatibles cuando tienen
al menos un punto en comin dentro de sus intervalos de incertidumbre. Ademas revisamos el tema de medidas directas e indirecta. Las
directas son aguellas que se toman sin exeder la capacidad dl instumento. mientras que las indirectas se obtienen a partir de operaciones
algebraicas

Tambien aprendimos a calcular dreas tomando en cuenta la incertidumbre de las medidas de los lados o el diametro del objeto

\as adelante. abordamos el tema de medidas repetibles y reproducibles. Ias cuales tienen que cumpir ciertas condiciones para serlo. Una medida e
repetible cuando se tiene

« mismo obsenader, mismo equipo. mismos instrumentos, mismas condiciones
 y se repiten en un lapso corto

Para que una medida sea reproducible se necesitan condiciones similares de medicion, pero se realizan con otro equipo, por otro
abservador y en lugar diferente,

Mas adelante entramos al tema de propagacion de incertidumbres, que se da a partir de las medidas indirectas. La propagacion
hace referencia a como se esparce |a incertidmbre desde el inicio hasta el final de un proceso, es decir, si hacemos una operacién
con una incertidumbre asociada lo Iogico es que expresemos el resultado con la misma. Ligado a esto estan la operaciones con
incertidumbres, que son muy parecidas a las que comunmente conocemos ( suma, resta, multiplicacian y division), solo que ahora
tenemos que agregar una delta x, y,etc., 3l valor medido. De igual forma tenemos que encontrar una delta *F* para cada una de
Ias operaciones, es decir, |a la delta F del producto es diferente a la delta F de la suma

FIGURE 9. Sample of a wiki: My Experimental Method Diary.
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Maria de los Dolores Ayala Velazquez and Pablo Alejandro Lonngi Villanueva

Samples of a poll applied to pupils enrolled in an
Experimental Method II group to let teachers identify
pupils’ majoring field and their knowledge or competence
on various items covered in their previous Experimental
Method I courses are shown in Fig. 10. The first answer
shows the distribution of the students’ intended major,
information very useful for teachers to select and direct
class activities. A very important datum for us is that a
large proportion of students acknowledge their imperfect
handling of the propagations of uncertainties, graphing
measurements and applying graphical analysis, which
prompted us to explain these topics in the class whenever
they were to be required.

Esta encuesta nos va a servir para conocemos mejor
1. {Cuél es tu licenciatura?

Response Average TOTAL
mMatematicas —— 327 7
Fisica - 1
Quimica — 115

Ingenieria ——— 4 5

2. {Qué tan satisfecho te sientes con lo que has aprendido en los cursos que has llevado hasta ahora?

Response Average TOTAL
Muy satisfecho —— 50 9

Regular —————— 10

w

Qué tan bien crees haber aprendido en Método I la propagacion de incertidumbres?

Response Average TOTAL
Poco — 22 4
Regular ——— ®
Bien — 5 s

1

Muy bien -

4. {Qué tan bien crees haber aprendido en Método 1 la graficacion de mediciones?

Response Average TOTAL
Poco — 2% 4
Ragular — 3%

Bien —— 5%

w n e

Muy bien — 17

FIGURE 10. Sample of a poll: Personal knowledge and opinions.

In Fig. 11 we show some of the pupil’s answers to the
question “what did you learn in writing this methodological
guide” which comes last in a poll built as a checklist for the
guide’s content. The straightness and frankness of many of
the answers may serve the teachers to recognize the terms,
concepts or parts of that work needing more discussion or
work in class. Some of the comments may refer to the
professors’ observations added to their work in the writing
environment used, for which with the intention to promote
collaborative work among the working team’s members,
the authors had suggested to try the text editor of Google
Docs.
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cormegr algunos vicios da redaccion que tango como faltas ortograficas

E5 extrasordinario la manera de como se abtuva el valor de Pi por ambos métodos, es indispensable Las guias metaddlogicas
ol i gt e s e e A e RSy

s qua nos dija a
ente ai abjet

evitan que vaya
en pesar que es lo que se va a realizar.

He aprendido a seguir un arden, y manipular de una manera mas fluida la informacién que se empleé en ésta sequnda guia
metodolégica.

Una de ellas es corregir arroras ortogrficos, asi com
o on]e{vn o

6 andazar bien las frasas y anunciades, para que tengan dicha ralacion

Pude observar una estructura mas completa de una guia metodologica. .

< da Ia Guia Matodologica slgunas veces cussta il co de trabsjo locakzar o objetivo y as hipotasi, paro una ve:
= p arganizar las ideas y reaizar rapida y consisa I quia

e claro s
metodologica,

Cada inte
es y todos

te del equipo debe paner interes en realizar la actividad expermental para que salga bien. ¥ en nuestro caso asi
rticipamos en ela,
1 aprendi a identificar bien las diferentes fuentes de informacion

ertidumbre como una vanable i wable en datos estadisticos... tambien a aclarar la definician de

e igual manera que la guia metodolégica 1, €sta
comecciones y gracias a eso, en |a prictica no ¢

i6 de mucho, ya que fue en la que los profesores nes hicieron mas
nuchos errores

1 en esta guia fue algo complicado entender como se iba a resolver el problema, pero despues de leer mas y mas sobre el tema
he logrado aprendsr una forma de como calcular &l numero pi @ incerments y reafim mis conocimientos sobre Ia estadistica..

1 en este practica aprendi a realizar y deteminar el valor de pi por el método de la aguja de buffon y
mediante método estadisticos.

1 La guia metadologica nos da el primer paso para conocer como deba estar el experimenta. Ademas nos da la propredad de
estructurar mejor cmo Bevarlo a acabo que formulas se usaran,

FIGURE 11. Sample of poll: Methodological guide.

Very fundamental and relevant topics are approached in the
Experimental Method I course to direct pupils to their first
steps of their professional life, among which writing a
formal report, the items that it should include, and
especially the importance of knowing how uncertainties are
handled, since these are essential to perform a good
analysis on the experimental data. Even if students don’t
clearly visualize how important handling these topics is
because they don’t see them applied in their profession, it is
a good thing that each professor has the enthusiasm to
motivate pupils showing them some of the applications that
the topics discussed in class have in each of the careers.

IV. RESULTS

As results we present a few teachers’ opinions, that show
the relevance and effects on them of this project.

«Teaching the course jointly with a colleague from a
different department and area is very rewarding, in
particular when working with someone who has extensive
experience, especially for someone like me, just a beginer
in teaching. This is the first time that I teach the course with
a person who shows good and creative vision in the group
management, addressing the topics in a dynamic way by
having students learn to reason, reflect, think, analyze,
teamwork and most importantly to discuss in the classroom
about the topics and about what each student seeks or
pretends to achieve as a professional. It's nice to work like
this. I myself, like the students, have learned a lot. Some
other colleagues are dedicated to just giving the topics but
leaving aside the pupils’ awareness of the topics’
importance. With two teachers working together in one
course, there is the risk that one stays aside while the other
transmits knowledge to the students, risk that can be
prevented using strategies to share the handling of the
group. Regarding the platform, it is a useful tool for both
parties, the teacher shares the knowledge with students
giving them useful and very important material for each
topic. It is easy to use, gives feedback on learning and most
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important, one can check the material at any time of day
because the information is always available on the portal».
M. L. L.

«The information in your virtual classroom seemed very
complete to me. The web page about the moments of a
distribution is of an excellent level, perhaps a bit steep for
students but for teachers it is a very valuable reference
material. Likewise the material on least squares, with a
different approach from that presented by Baird [10]. The
material that you developed for the virtual classroom seems
to me much more formal and informative. Regarding the
self-assessment questionnaire, I think it is a very useful tool
to determine the degree of students' understanding of basic
statistical concepts of the course. It would be great to
develop questionnaires of that type for the rest of the
course». J. P.

«Moodle complements our lab work. In a systematic
way, materials in the site help students to be informed about
the course objectives, to read on different topics, to practice
problem solving and improve their communication abilities
with peers and teachers. Students feel free to express their
opinion and to evaluate continuously the course. For
teachers, it is a way of verifying student’s level of advance
in knowledge and attitudes towards their work and to the
others». G. S.

V. CONCLUSION

The use of a virtual environment helps prevent the
reduction of the course to a conventional one, focusing in
the formation of professionals who are able to solve
problems putting together and using the knowledge gained
throughout their educational life. In these courses we
pretend to teach students to create, design, understand,
analyze, discuss and resolve issues in an amusing and
innovative way. In so doing, one has to work very hard and
learn a lot, first, to put the site together and give it
reasonable maintenance, and latter, to be sensitive enough
to respond to the students’ needs that we recognize in the
platform’s various resources and work to fulfill them.
Disponibility of different materials and formative
evaluations of the course in the virtual page, help beginner
teachers to: get acquainted with those materials; to know
students’ needs along the term in order to offer them
opportune personal or groupal attention; introduce changes
and adjustments to the order of presentation of topics; be
flexible and creative; direct students to search for
complementary information and to complete Moodle
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activities and tasks; permanent review of its materials with
the possibility of improving them with links and new
information.
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