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INntroauction

In the last decade, the application of
the Inquiry Based Science Education
System (IBSE-SEVIC) in Mexico has been
made possible by the collaborative
work of the Mexican Ministry of Educa-
tion, state governments and Innova-
tion in Science Education (INNOVEQ),
a nonprofit organization. As a result of
this joint effort, there have been many
opportunities for teachers, educational
authorities and specialists, to discuss
within a national and international pers-
pective, the formative value of Inquiry
Based Science Education.

One outcome of the discussion has
been a shared consensus onthe need to
analyze the new educational assessment
trends and paradigms, the challenges
they face and the procedures required
to determine how they contribute to
students’ formative processes under
the inquiry approach.

Inquiry Based Science Education
Systems emphasize that students

attending elementary and secondary
schools should both understand
natural phenomena and develop the
scientific attitudes and skills needed
to successfully perform in the 21st
century. Therefore, these educational
programs are considered a valuable
tools for achieving a quality education
that reinforces not only academics but
also civic values in students, enabling
them to make decisions that will help
improve theirindividual and social well
being.

Within this framework, it is important
to design new assessment models
that are able to measure the level of
understanding of concepts as well
as the development of the students'
skills and attitudes. This trend has
become a priority to both Mexican
and International educational systems.

The 7th International Conference
"Science Learning Assessment: Trends
and Challenges”will be a forum for the
discussion and analysis of experiences

and new proposals for assessing,among
other things, the level of understanding
and creativity achieved by students; the
development of their critical thinking;
theirability toapply acquired knowledge
in problem solving; their ability to work
collaboratively, their skills for addressing
scientific oriented questions, their
ability to design and conduct research
and to interpret evidence and draw a
scientific conclusion. In other words,
an assessment that encourages their
academic development without
detracting from their joy for learning or
negatively impacting their self-esteem.

Therefore, those who work with IBSE-
SEVIC programsare sure that the Seventh
International Conference, presented
here, will greatly contribute to the
creation of better assessment processes
aligned with quality education.
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On behalf of the Board of Directors
of Innovacién en la Ensefianza de
la Ciencia (INNOVEC, Innovation in
Science Teaching), | am very pleased
to welcome you most cordially to our
7th International Conference on Inquiry-
Based Science Education.This year the
title of the event is "Science Learning
Assessment: Trends and Challenges”.

Now, | wish to recognize the members
of the Board of Governors of the
National Institute for the Assessment of
Education andits chairperson, Ms. Sylvia
Schmelkes delValle, for her enthusiasm
and commitment to our initiative to
discuss this important topic.

| also want to recognize our Minister
of Education, Mr. Emilio Chuayffet,
and the Undersecretary of Elementary

Education, Ms. Alba Martinez Olivé,
who very favorably responded to our
request for institutional support from
the SEP (Ministry of Education), not
only to organize this Conference, but
also with funding that will allow us to
continue working on our program in
several states of the country. Thank you
indeed for your support.

For more than ten years the efforts of
INNOVEC in Mexico and the world have
been devoted to fulfilling children’s
legitimate right to quality scientific
education; and assessment is key to
INNOVEC, not only becauseitis always
important to pause and assess the
impact, results and scope of our work,
but also because science itself should
provide us with evidence of our progress
or of our weaknesses.
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Jaime Lomelin Guillén
President of the Board of INNOVEC

Opening Ceremony

“INNOVEC believes that the evaluation of education
should be conceived as a common and routine process in

Therefore, INNOVEC believes that the
assessment of education should be
conceived as a common and routine
process in schools. As a part of society
we are especially interested in the
assessment of learning as a way to
improve teaching through the work
of teachers and by designing and
improving educational systems.
Businesses, for example, value proactive
involvement of their human capital
to identify faults, recognize mistakes
and suggest solutions to make right
whatever isn't working well or does
not satisfy client needs. Measuring
our performance and effectiveness is
part of our daily activities in any part
of the productive chain. As consumers
this is why we prefer quality products
and services that satisfy our needs and
tastes.

In assessment we need other models,
of course, because we are educating to
provide conditions that are optimal for
human development; conditions where
knowledge in and of itselfis held by our
civilizationasa preciousvalue,and where
science, technology, art and humanism
come togetherto attractevery manand
woman because they are all entitled to
agood education.INNOVEC educates to
promote an education that will provide
Mexicans with more opportunities for
employment and development.

To accomplish this we need effective
assessment processes that will account
forwhatwe've learned while recognizing
the great diversity of circumstances,
contexts and challenges we face as
we teach. In a country like Mexico we
cannot use the same bar to measure

our educational diversity, but we must
establish minimal standards to track
our progress.

I wish a very pleasant stay in our country
to our colleagues from abroad. With
that, | encourage us all to have a very
productive meeting.

Thank you very much!*

schools. As a part of society we are especially interested in
the assessment of learning as a way to improve teaching”

*Transcription
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“...we should learn to evaluate the results of our efforts
not only to determine if they are working, but also to
optimize them. We must learn what is working best in
order to disseminate it among ourselves, and also to
understand the problems that need to be tackled.”

hankyou foryourkind welcome and

the opportunity to welcome you all
to thisevent.|want to especially extend
this welcome to all of our guests who
have traveled from afarand to all of the
teachers, and distinguished members
of the presidium.

We all know that education is hugely
important to our societies. Practically
every country in the planet has
recognized this, as of course we have
done so in Mexico. We understand,
however, that it is not enough to say
we want more education, nor does it
sufficetoallot education an appropriate
budget to make it operational. Indeed,
thatis all very significant, but quality in
education is even more important. For
that reason in Mexico we have been
working on our experiential and inquiry-
based science education systems (SEVIC,
is the acronym in Spanish). They are
part of an international program

supported by the Science Academies
of many countries, and therefore afford
a unique opportunity, a revolution
in education itself, because these
new pedagogies truly bring about
extraordinary improvements in the
quality of education.

Speaking of Science Academies, | would
like to recognize Dr.Lee Yee Cheong who
came all the way from Malaysia, and is
very closely involved in this through the
science education program of the Inter
Academy Panel. This Panel carried out
the original studies into how we learn,
how children learn and how society can
also learn more effectively. Dr. Cheong
also chairs the International Science
and Technology Innovation Center for
South-South Cooperation, under the
auspices of UNESCO.

Itis of paramount importance that we
benefitfrom these new pedagogies,and
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fully tap into the potential for excellence
these new systems have to offer. | will
now refer to what we are doing herein
Mexico. Many of our visitors perhaps are
not aware of this, but our country has
just reformed its educational system.
One of the salient characteristics
of this reform is the introduction of
assessments.

Itisinspiring the enthusiasm and huge
gratification of the many teachers
involved in the SEVIC program, when
they realize that their students are truly
learning. They are greatly gratified to
watch children’sinnate curiosity at work
as their students develop reasoning
skills to learn, and enjoy science. There
can be no greater satisfaction for a
teacher! I myself have been a teacher
for many years, so | appreciate the
extraordinary feeling of watching my
students understand something.

Naturally, teachers involved in these

Dr. Mario Molina

Vice President of the Board of INNOVEC

programs (as perhaps many of you
are), have no quarrel with evaluations
because we understand how important
itistoassess notonly the teachers, but
the system as well.

Hence theimportance of this meeting,
because if we understand the enormous
potential of these pedagogies, we
should learn to evaluate the results
of our efforts not only to determine if
they are working, but also to optimize
them. We must learn what is working
best in order to disseminate it among
ourselves, and also to understand the
problems that need to be tackled. One of
these difficulties for many countries, for
example, consists in providing science
training to the teachers.

| consider, therefore, such assessment
and evaluation systems extremely
important, because conventional
evaluations focus on conventional

teaching which basically consists in
memorization. The teacher merely
recites concepts that the students
must memorize, whether or not they
understand them, whether or not they
are bored by them, and how much
students memorize is easily measured.
Thechallengeliesinmeasuring student’s
understanding. This challenge is not
just vastly important to elementary
education, because new pedagogical
systems are beginning to significantly
influence other levels of education, all
the way up to the universities, where
it might be easier to measure how well
students are learning.

There are now a whole series of
experiments that have shown
extraordinary results, including actively
participating students, children
experimenting and writing up their
own reports, and discussing them with
their classmates; children acquiring

values and understanding what really
matters to our society. We must be
able to evaluate and measure all of
this. Hence the major significance of
this event you are all participating in.

With that | will conclude my remarks
wishing you the greatest success in
the work you do here. We hope to
document the steps necessary to
evaluate, measure and use the results
from these assessments to further
optimize these extraordinary science-
teaching methods, which | believe are
not just for science but will also have
great repercussions on teaching in
general.

Thankyou very much foryour attention.*

*Transcription
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Avery good morning to each and
every one of you.lam very pleased
to share the inauguration ceremony
of the 7th International Conference
on Inquiry-Based Science Education
devoted to assessing the learning of
science, its trends and challenges with
such a presiding group of personali-
ties and with all of you. I am also very
happy to welcome the Undersecretary
for Planning at the Ministry of Public
Education. Kindly convey our regards
to the Secretary, Mr. Emilio Chuayfett.

How fortunate to find ourselves here
with somebody who fills us Mexicans
with pride, and that is Dr. Mario Molina.
It is very significant that a world-wide
recognized scientist of his stature should
devote his time, intelligence, skillsand

—

will to a matter such as the one that
brings us here today. Thank you very
much, Dr. Molina. | also want to thank
the chairman of the board of INNOVEC,
Mr. Jaime Lomelin, the representative
of the Director General of CONACYT,
the chairman of the National Council
for the Assessment of Education, the
Director General of the SEP, and engineer
Ferndndez de la Garza.Thank you all for
joining us, and our special appreciation
to those who have traveled to be here.
Thanks to all the teachers with us today.

Indeed, at the end of any educational
process we require that permanent
pairing that has accompanied the
development of educationalinstitutions
throughout history: the students and
their teachers. Happily today we see
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José Narro Robles
Rector of the National Autonomous
University of Mexico

among us teachers interested and
motivated by the topicat hand: science
learning assessment.

In our so-called knowledge society we
must not only convey knowledge, but
also use the processes that generate
it, to apply it and bring about both
technological and societal innovation
in every field. This is relevant here,
because in our country we most
certainly have to work to transform
our current educational process.
Such a transformation should be
comprehensive.

I don’tthink thatanybody in their right
mind in this country or any other can
believe that everything has been done
and that it has all been done well. The
educational process itself teaches us
that we must promote change, because
if we remain where we are, we'll fall
behind. If we don'tadvance at the right
speed, we will lag behind. Now we in
Mexico need to change.We must further
develop our incipient Reform, because
nobody can believe that our Reform
ends with afew constitutional changes
and secondary legislation. Of course
not! We need to review everything
concerning the process. We have to
review how teachers are trained and
kept up-to-date, our methods, and the
conditions under which education is
given and developed. We need to find
out if we have the space we require, if
our programs and curricula are flexible
enough. We need to embark upon a
full examination of public education

in our country and in fact, rethink it
and come up with a new version for
the 21st century.

| am fully convinced that our public
education system has greatly
contributed to the development of
Mexico. Our country would be very
different and certainly not better if
Mexico hadn'thad those systems, those
facilities, that infrastructure and those
publiceducation curriculain elementary
school, middle school and, of course,
higher education schools. Nevertheless,
together with our analyses and
consideration for our progress, we must
recognize that today we are no longer
producing the results we want, nor are
we truly insuring the right conditions
for a change in the years to come. We
need to revise this.

Today, in the fields of science teaching
and learning we have a very good
opportunity to do so. | say opportunity
becauseinorderto solvethe problemwe
must first recognize it exists, and once
we recognize that, we need to know
what the problem consists in, where
we fail, what needs to be corrected,
how we can improve or solve these
deficiencies. This is why we should
commend INNOVEC, its board, president
and members, and the Public Education
Ministry authorities for supporting this
International Conference. If we are to
change we need to start very soon. If
we are to improve in this field we must
begin with elementary education. As
Doctor Mario Molina mentioned we

“...In our country we most certainly have to work to
transform our current educational process. Such a
transformation should be comprehensive.”

must make use of children’sinterest and
conviction, their joy, creativity, freshness
and spontaneity by providing them
with facilities and stimuli to insure that
they can develop the skills they are
endowed with. | undoubtedly believe
that if we do all this, we will improve
very substantially.

Any evaluation we review, whether from
the World Economic Forum, OECD data,
PISA tests, and our own analyses show
we are not doing well, and that we have
a huge opportunity to improve. Any
problem should be viewed with double
vision: the difficulty at hand and the
huge potential to solve it. When things
are the poorest, we have the greatest
opportunities to make progress very
rapidly. lam not going to provide data
here, all I will say is that we have great
potential to improve.

Iwanttoinvite the entire audience, every
participant to pursue that endeavor. |
am absolutely certain that if we work
together in an articulated manner,
coordinating our efforts and wills we
can make progress. | trust that the
work done during this 7th International
Conference will help our children, our
youths, and our institutions.

You all know that the National
Autonomous University of Mexico is a
very large institution with more than
335-thousand students, including 12
-13 year old teenagers incorporated
through our 6-year junior high and
high school system and our doctorate

students. The challenge is huge. We
have undergone a self-critical analysis
andrecognized that we have not been
efficientin our teaching of science and
that we have to transform our programs,
infrastructure, laboratories, and make
use of new technologies.

| will now conclude by inaugurating
this 7th International Conference
wishing you the best success in your
deliberations and assessment, so that
we can learn from such an evaluation
and recognize successes and failuresin
order to make proposals to correctand
move forward. The Mexican children
and young people will thank you for
it. Thank you.*

*Transcription
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of the National Institute for the
Assessment of Education (INEE)

There are three problems in the educational system in Mexico: the first one is
coverage, the second one is inequity and the third one is quality. We know those
problems because we have evaluated the educational system for several years.But
that it is not enough, evaluation itself do not solve the problems. An evaluation can
truly be used to solve problems but requires educational policy mediation. In other
words evaluations serve to indicate what education policies need to do to improve.To
make the right desitions we need to build an evaluation culture.

DEVELOPING AN ASSESSMENT CULTURE

ery good morning to everyone. |

want to cordially thank all of the
institutions organizing this event for
the honor of having been invited to
open it with this presentation. | will not
be discussing the evaluation of science
teaching, nor will | speak about the
National Institute for the Evaluation
of Education (INEE). | will attempt to
provide a context for your discussions
during the next two days and thatis the
need for a culture of assessment and
evaluation, and the way to build one.

THREE PROBLEMS

First of all I'd like to point out that when
we speak about the need to improve
the quality and equity of education
in our country, we must necessarily
begin by recognizing that we have

problems, in our case of three kinds.
I will highlight them, as | believe they
are the most important ones in our
national education system. The first
problem is coverage, which we hardly
recognize because international
indicators assigned to our elementary
school coverage only look at school
children between six and eleven years
of age. Mexico has fewer problems
there, because our coverage of children
between six and eleven is quite high,
around 97-98%. This keeps us from
realizing that we still have problemsin
our elementary school coverage. Infact,
there are 3.9 million children between
3 and 14 who are out of school. Most
of them are pre-schoolers who should
be in first grade of pre-school, in other
words, 3 year-olds. They do not go to

WHAT FOR?

school because none is available; for
the most part first grade pre-school
does not exist in the poorest and most
remote places, inhabited by indigenous
peoples. In these areas there are 1.7
million children who do not attend
first grade preschool despite the fact
that it is mandatory since 2008. Even
though most unschooled children
belong to this age group, there are
still 407-thousand children between
6 and 11, and 548-thousand children
between 12 and 14 who do not go to
school.These figures add up towhat I'd
say isan alarming total for our country:
3.9 million children who should be
attending mandatory elementary
school and are not.
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When INEE began to analyze why these
children don’t go to school, we realized
that the problem is not always lack
of availability. Except for first grade
pre-school, schools do exist where
these children live, and supposedly,
they have teachers as well. Therefore the
phenomenon has to do with external
factors, and desertion is an important
one of them; children who once went
to school but dropped out for various
reasons, including poverty and the need
to work, or for disability reasons. This
means that many children with some
kind of disability do not have access to
school. Also, a significant number of
children, especially secondary school
students, find school meaningless and
that it does not provide them with
something useful for their lives now
orin the future.

Inequity is a second problem. In my
opinion it is one of the most serious
problems because inequity in the
educational system means that
education is not fulfilling the very
important role of generating equal
opportunities for a quality life. In Mexico
we face significant inequity issues that
reflect the inequity in the country, which
as you know, is one of the greatest in
theworld.This can be seen in education,
and is linked to whether children live
inan urban or rural area, to the degree
of marginalization in the region where
they live, to whether or not they speak
anindigenouslanguage and, obviously
to their household income level. This
is noticeable in how much schooling
they get, and unfortunately is also
apparentinactual learning as measured
by current methods, which consist in
knowledge tests.

This inequity can be partially explained
by the fact that Mexico has yet been
unable to offer the same educational
quality to all of its children and youths.
We are notinvesting the same amount
in every child, much less are we making
up for social-economic differences. |
don’t like to use other countries as

examples, but | find what | am about
to say particularly illustrative. In other
countries, schools are allotted a budget
equivalent to the average cost of a
child in a given grade, multiplied by
the enrollment. This insures an equal
amount of resources for every child
in the country. That is not equity but
equality, which makes equity possible.
Additionally, in many of these countries,
extra money is provided to schools
recognized as in poverty or where
students speak a language other than

the official language, or where they
accept children with special educational
needs or children with disabilities. This is
because those countries recognize that
such conditions make it more difficult
to attain desired results, and therefore
require additional resources. In Mexico
we're not doing this; quite the contrary,
we give less to those that need the
most. Let me quote some old figures
from the past administration. | heard
this from the former director of the
National Council for the Promotion
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of Education (CONAFE). He said that
under community courses, a modality
we use to serve children in scattered
rural communities, the annual cost per
childis 7 thousand pesos, whereas the
average annual cost per child in an
elementary schoolis 37 thousand pesos;
that is 5 times more. From a different
perspective, the cost of teaching a
CONAFE student is 5 times less. This
should give us anidea of how instead of
firstinsuring equality and later insuring
equity, we are doing the opposite. This

explains why the problem is so serious.
Anotherreason why we have inequity is
thatin Mexico wefollowahomogeneous
model. Our curricula are identical for the
entire country, and the organization
of schools, at least theoretically, is
also identical for every one of them.
This model weakens as it reaches the
remotest regions. For example, instead
of having six teachers, one for every
grade, there are classes that include
multiple grades, or even unitary schools
in which case the principal who is in

charge of managing the school must
also take on teaching duties, because
very tiny communities are not thought
to merit having more teachers. Thus,
when the principal has to leave the
school to carry out administrative
formalities, the children miss class.
That is an example of a theoretically
identical model that becomes weaker
as it reaches these communities.

And yet we have this homogeneous
model despite the great diversity in

our country: 10 % of our population
(depending on how it is measured,
but 10 is the average number) belong
to an indigenous group. 7-million
speak an indigenous language, but
15-million describe themselves as
indigenous from one of 68 perfectly
differentiated ethnical and linguistic
groups. This is in addition to other
cultural and geographical differences
in our country. North and South are
different, while living ina mountainous
area is not the same as living on the

coast. Despite all of this diversity we
deal with differences in exactly the same
way, so some benefit from the model,
while others suffer for it because they
do not fit in with the characteristics of
the model, which explains inequity.
Regionally speaking we also find a
strong correlation between the gross
internal product of the states and
the level of schooling completed by
their populations. There is a strong
relationship between cultural, social-
economic conditions and achievements

in schooling and learning. This is the

second problem | wanted to talkabout.

Athird problem is quality, which tends
to get more attention. We overlook
providing the same access, and
concern ourselves relatively little over
equity, but quality is discussed much
more frequently. Somebody already
mentioned we are unhappy with what
our children are learning. We have PISA
datathatare based upon aconception
of what students need (15-year old
students specifically), to respond to
the demands of modern society in the
shortterm.We have these in addition
to theresults of our own tests. In both
cases, we have very high percentages
of students whose outcomes are
below the baseline, or below the
baseline defined as necessary to face
the demands of modern life. Even in
secondary school mathematics, the
figure is 52% in our own tests, and a
very similaronein PISA data. Obviously
in the case of sciences, data do not
differ significantly. Anotherthingto be
observedinthis processis thatingeneral
terms when we look at the historical
evolution of our students’performance
in different kinds of tests, we see a
certain improvement in elementary
school, butin secondary school reality
becomes more static making it more
difficult to attain important increases
in secondary education.

Looking beyond what affects school
childrenit’'simportant to consider that
we have a population over 15 termed

“adult”population thatlacks elementary
education.Indeed, a third of our national
population does not have elementary
school education, and that third of
the population represents half of the
individuals 15 years old or more who
haven'tfinished elementary schooling.
In other words, this constitutes another
important challenge we tend to forget
because we assign very few resources
to adult education, and this challenge
needs to be recognized. Thus, in
secondary education our inefficiency
amounts to 21%. That is, for every 100
children who start school, 79 finish three
years later and 21 are left out.

"Inequity in the
educational system
means that education
is not fulfilling the
very important role
of generating equal
opportunities for a
quality life. In Mexico we
face significant inequity
issues that reflect the
inequity in the country."

SCIENCE LEARNING ASSESSMENT: TRENDS AND CHALLENGES 19




CAN ASSESSMENT SOLVE THE
PROBLEMS?

[thinkitis very important to clarify that
assessment on it's own will not solve
problems.Infact, during the past decade
Mexico has been using a very intense
assessment. It has assessed students
and teachers over and over again, and
yet this has not been used to improve
education, but rather for accountability.
It has been used to reward teachers,
which is the same as punishing them,
because teachers who are not rewarded
are necessarily punished. Thus, the
fundamental purpose of this test has
not been improvement.

Assessment and evaluation do not solve
problems, they provide a dimension
of the problem while educational
investigation explains it. So assessment
and evaluation can truly be used
to solve problems, but it requires
educational policy mediation. In other
words evaluations serve to indicate
what education policies need to do to
improve. Assessment and evaluations
alone cannot solve problems and
the mediations they call for refer to
improving working conditions. A teacher
cannot be assessed and be successfull
if he is working environment does not

provide the minimal conditions to
teach.

He cannot be expected to pass afurther
test or evaluation with noimprovement
if his working conditions. That would
be unfair. It is necessary to modify and
improve working conditions, and to
consider the context. A fairassessment
will consider the context recognizing that
it poses problems that affect schooling
and learning. | find it important for
us to understand that the issues at
the root of educational problems call
for inter-sector intervention, and that
they have to do with context: children
having to work, who do not have proper
nutrition, children who have some kind
of disability and can’t start school. These
are the conditions we have to modify.

A fundamental mediation, which is
perhaps the most important one of
all lies in teacher training, especially
training in service, although early
training continues to be important.The
kinds of mediations necessary for truly
better curricular quality and education
equity include the manner in which
resources are distributed, modifications
to curriculaand educational materials,
ahomogeneous vision of the programs,
and the need to make them flexible.
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Of course, programs and policies must
be designed according to identified
causes of the problems and ways they
will be tackled. This in turn will lead to
determining what requires innovation;
i.e. what we need to do differently
in order to get different results. So,
assessment leads to knowing what has
tobeinnovated at schools, in classrooms
and, obviously in educational systems.

FAIR AND RELIABLE ASSESSMENT
Now, not all assessment can support
decisions about educational
improvement. Assessment that
can really become instruments for
improvement should have certain
characteristics: they must be essentially
formative in their proposal. This means
apurpose of the assessment should be
improvement, an intention, an explicit
will behind every assessment. It should
focus on known problems. For many
years now, we have been involved in
education and evaluation research.
We know what the problems are, so
we must focus: on evaluating access,
quality and equity in education. In
order to obtain evidence of the causes
of these problems we must evaluate
the main components of the education
system that are known to impact
the problem and the basic players.
Next, we must assess the students,
teachers, institutions, programs and
policies.We evidently need to promote
the development of education and
evaluation research that will allow
us to look deep into the causes we
must tackle, because assessments and
evaluations alone are not enough.

Additionally in order to further
improvement, assessment and
evaluation must be credible and
therefore, as technically sound as
possible, by this | mean that in technical
terms we are not yet fully developed
either. We are improving upon
assessment and evaluation techniques
that will make it increasingly possible
to actually measure what we want to
measure. However, we must strive to do

soasreliably as possible with available
techniques and methodologies.

It is also necessary to begin with the
complexity of the act of education.
Evaluating education is complex
because education is complex and
cannot be simplified nor analyzed
with an assessment that simplifies for
example, by means of a single tool. We
know that complexfacts and problems
are multi-factorial, so we must consider
all those factors that have a bearing on
the outcome: context, cultural diversity,
are highly relevant data.

Foran evaluation or assessment process
to be credible, it must be fair; and if it
is to be fair it must insure it is neither
awarding nor punishing without
evidence. We must be certain this can
be communicated, that because our
decisions are properly supported we
can indeed convince. Diversity must
be recognized and considered so
that an evaluation will let everyone
improve. Assessments cannot become
just another homogenization tool,
but should start from recognizing
that our reality is diverse and requires
differentiated processes in order to
deal with problems. They should also
recognize ourinter-cultural relationships
and enhance them.Those of us working
in intercultural education must make
a distinction between inequality and
diversity. The formeris something to be
tackled, while the latter is something to
be enhanced and promoted because it
enriches us all. From that perspective
inter-cultural relationships should be
enhanced to avoid the natural tendency
of any evaluation to homogenize. It
is necessary to prove our ability to
promote decisions, programs and
policies that actually offer to improve
a known educational reality.

RISKS

Also important to recognize is that
assessments have their limits. These
natural limits are imposed by the
development of theory, methodology
and assessment techniques. Indeed, at

thistime noteverything can be assessed.
We'd like to evaluate everything
and oftentimes we can come close
to evaluating as much as possible,
but must recognize beforehand that
there are things we are not certain
we can evaluate; values, for example.
Our methodologies to assess values
are still weak, so there are limits and
it's important for us to recognize
them. It is also important to consider
that assessments pose risks, and an
evaluation culture (which I'm about
to discuss) entails recognizing and
consciously avoiding risks such as the
inappropriate consequences leading to
perverse outcomes that assessments
can sometimes bring. Here I'd like
to refer to how the ENLACE test was
used. In the early stages of its design,
the test was intended to assess our
national education system and identify
where there were problemsin order to
provide feedback to schools, teachers,
students and their parents. All of a
sudden someone thought it should
be used to assess teachers, and this
inappropriate use lead to the perverse
effects known by all: tests were sold,
fraud, teaching for the test, children
permanently doing exercises from the
ENLACE tests, and so on. We forgot
what truly mattered. For example, since
multiple-choice tests do not measure
writing, we forgot to teach it. These
perverse effects are precisely due to
evaluations, and therefore constitute
a risk we must conscientiously seek
to avoid.

Measuring what can’t be measured
will necessarily lead to discretional
decisions. If we attempt to use an
instrument to measure something
that technically cannot be measured,
then our decisions will be subjective,
discretional and hence become a risk
to be avoided.

Therrisk of reducing education to what
can be assessed; that is, assigning
importance only to what can be
measured would be a very dangerous.

Assessment should not become an
informal or hidden curriculum of
any education system. This would be
terrible because teaching only what
can be measured, and as | have already
mentioned, homogenize for the sake
of simplification would lead to a banal
interpretation of the complexity of the
universe, and this would be a terrible
mistake.

THE CULTURE OF ASSESSMENT

Now | will turn to the topic | was
asked to address today: the culture of
assessment. | will begin by defining
our understanding of culture in this
context. It is not an anthropological
definition, but understands culture as
a socially shared way to envision and
understand a reality in order to judge
and act in consequence. This refers to
culture in general, not an assessment
culture, which, in my own terms, is our
socially sharing the fact that assessment
must be technically sound and fair,
for only sound and fair assessments
allow individuals and groups alike, to
make better decisions and understand
the problems at hand, what needs to
be solved, or what practices need to
be changed or improved. That is an
assessment culture. It must be shared
socially, otherwise it is not a culture.
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Therefore we must share the conviction
that an evaluation must be technically
sound and fair.

On the other hand, an assessment
culture is also understood as one that
recognizes that a technically sound
and fair assessment constitutes a tool
to insure everyone’s right to quality
education, which consists in learning
whatever is necessary to lead a dignified
life. When I say everyone lamincluding
the concept of equity. Here | want to
quickly refer to the 4A’s that assess
the right to education: Availability,
which means that there is a school
with a teacher, and that availability is
insured; Accessibility; this means that
once there is availability we must not
impose barriers upon demand and
the population who want access. Of
course there are physical barriers for
children with motor disabilities, but
there are other barriers like financial
barriers.These comein the form of fees,
or mandatory uniforms, or excessive
amounts of school supplies that end
up imposing financial barriers to school.

The other two A’s refer to quality.
Adaptability goes against curriculum
homogeneity and common modes
of imposed school organization. It
fundamentally has to do with an
education that is meaningful, relevant
and pertinent to different population
groups in their currentand future lives.
Thefinal Ais Acceptability, which defines
quality from the students’perspective:
their liking school because they know
they are learning and feel respected,
welcome and safe. Schools should be
acceptable to learners otherwise they
cannot be as well disposed to learn.

Thus, we should hold this great
framework of the right to an education
as something we truly want to improve.
We mustinsureitis fully complied with
using assessment and evaluation as a
tool to accomplish this.

An assessment culture demands certain
things. Assessment must be necessarily
public,otherwise howarewetogenerate
the shared awareness that assessments
actually work? Making them public
means making known the purposes
of our assessments, why we design
assessments, and respect for private
information when individual outcomes
are not called for.This affords a great deal
of certainty. Personal information is not
released when results are made known,
and such personal data are added only
when necessary such as in the case of
a university admission examination. In
this case such information is released to
theindividual only. Not all assessments
make it necessary to release data
on individuals, so privacy must be
respected.

Assessments must also be transparent.
This means that they can be dissected to
find out what was done, and determine
the process. Finally, assessments must
be subject to appeal. Evaluators should
not have the final word. People who
are assessed have a right to know their
results, challenge them if need be and
request verification. In other words, a
true assessment culture requires this
from an evaluator so an assessment can
be considered fair and its virtues shared.

An assessment culture must be built.
It cannot be generated by decree.
It's impossible to change a culture
by decree. So an assessment culture
must be built and strengthened as
assessment effectively proves its ability
to bring about improvement. Indeed,
thatis the condition that will allow us to
effectively build an assessment culture.

A balanced assessment culture implies
respecting reliable assessments and
rejecting those that are partial or unfair.
Such a culture also requires assessments
research to learn the causes of the
problems discovered and described
by assessments.Which calls for research
to complement them. A constructive
assessment culture involves recognizing
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that assessmentsin themselves do not
bring aboutimprovements but lead to
demanding necessary mediation.That
is part of an assessment culture: the
notion that assessments are nota magic
wand to improve quality, once again,
because they alone will notimproveiit.

RINDS OF ASSESSMENTS

As you know we have two kinds of
assessment: summative assessments
that measure individuals at the end
of certain processes, and formative
assessments that provide feedback
and improve the quality of those
processes. Summative assessments
are necessary because they are used
to make significant decisions, so we
may build upon the credibility at the
foundation of an evaluation culture.
Summative assessment designers
should guarantee the highest degree
of validity and reliability that they
are using every tool necessary to
calibrate for multi-factorial problems
or facts. The users of the outcomes, for
example decision-making education
authorities, need to accept diversity and
transparently consider the conditions
of the context. They are also supposed
toresponsibly decide the formative use
of these assessments for second and
third opportunities. Also important is
that assessments should not be merely
viewed as cold figures that allow us to
make a decision in any context because
contexts must also be considered as a
process.

Assessments should allow for second
and third opportunities while providing
feedback so outcomesin those second
and third opportunities can actually
be better. Subjects of summative
assessments are supposed to accept
that the best decisions resulting in
consequences for them are based
upon objective and fair assessments.
This means the outcomes (in final
examinations, admissions exams,
teachers exams) must also be accepted
responsibly. We must come to accept
that a technically sound and fair

assessment is the best way to make
those decisions.

Formative assessments, on the other
hand, focus on processes and are
intended to give feedback to improve.
Designers of these assessments should
insure that they are endowed with the
greatest potential to give feedback
that will bring about improvement.
The recipients of these results
(once again, education authorities,
classroom teachers, and others), from
external assessment must have the
assurance that these assessments
are guaranteeing the mediations
necessary for improvement, because
the assessments will not provide for
improvement. Subjects of assessments
should accept any support derived
from formative assessments and take
any measures necessary to commit to
subsequent changes.

WHAT ASSESSMENT MEANS FOR
THE DIFFERENT PLAYERS

So what does this mean for every one
of the playersin the education process?
For students it necessarily means that
they understand the purposes of the
education process in question;in other
words what they want to do with their
education, what needs to be assessed.
They must also accept the decisions
derived from valid and fair assessments.
Because these assessments are
formative, students must be willing
to follow the recommendations derived
from their outcomes so that they are
indeed used for improvement. That
is part of the culture in which one
expects students to say,“I'm glad! This
assessmentis giving me feedback and
telling me what I need todo toimprove.
When teachers evaluate their students
they are expected to clarify the purposes
of their teaching, design assessments
that give feedback, not pop quizzes for
mere scoring. If teachers are to assess,
it will be for feedback purposes, and
perhaps moreimportantly to accept the
feedback from their students results,
because it will tell teachers whether or

not they are being effective, whether
they are achieving what they set out
toaccomplish, whether they are being
effective with all students, and if not
that they need to correct what they are
doing in order to improve it.

When teacher assessments are fairand
valid, they must be recognized as a
means towards professionalization.
Teachers should accept what
assessments entail with regards to
training and preparing for innovation.
The idea is for teachers to change the
way they do things in order to get
better results.

Schools or educational institutions are
expected to use the outcomes from
assessments of the students, teachers
and of the institutions themselves to
identify problems, plan a collegiate
solution to the most important ones,
and commit to make any necessary
changes, monitor and evaluate progress

and, thereby begin a new cycle of
improvement.

It is very important that as a result
of assessments, educational systems
establish appropriate mediations to
deal with the problems discovered
and estimated through assessment,
especially those | consider to be
crucial: access, inequity, lack of quality
in education. And, how is this to be
accomplished? Well, by means of
supportand accompaniment processes,
by training teachers, teaching teams,and
principals, by modifying their working
conditions, as well as the conditions that
affect schooling in specific contexts.

There are alsoimplications for society at
large, because societies must become
interested in knowing the results of
assessments, and these assessments
need to become tools to strengthen
our democracy.Therefore, society must
put pressure on authorities to generate
mediations and correct the causes of
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any deficiencies detected. Naturally,
society must do its share to contribute
to improvement processes.

To close, | want to point out that |
believe a balanced assessment culture
understands that assessments are not
infallible. They can make mistakes
and should be revised. | think this is
absolutely essential because at times we
tend to turn assessments into fetishes
granting full credibility to mere tools.
Assessments are not infallible. They
can be mistaken and can be perfected. H OW I S SC I E N C E L EA RN I N G B E I N G
They will never give us ultimate answers,
so we must continue to advance our

conceptual, methodological and ASSESSED IN BOTH NATIONAL AND

technical ability to assess what we
want to assess. This of course requires
evaluating assessments themselves I N T E RN AT I O N A I. CO N T EXTS
for their effects, impact and ability to
predictand provide solutions to known
problems, as well as those identified

through assessments and, obviously
make all of this public.

Thank you very much.*

e Eduardo Backhoff Escudero
* Shelley Peers

* Alejandra Gonzalez
 Ulrika Johansson
* Louise Hayward

e Carlos Mancera

*Transcription
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Cognitive models in science
education assessment

This paper is intended to justify the use of cognitive models to assess student learning, especially
science learning. It will describe the importance of assessing learning both inside and outside
the classroom, exemplify the use of cognitive models to assess sciences, and characterize science
tests made by the National Institute for the Assessment of Education (INEE) and the PISA test
of the OECD. Finally I wish to conclude on the need to move towards computer-managed tests

supported by cognitive models.

ssessments of school achieve-

ment provide useful information
so that teachers, principals, students
and parents can make decisions that
will improve learning. The intended
use of an assessment will determine
the components required for each
stage in its design, preparation, and
interpretation.

KINDS AND PURPOSES OF
ASSESSMENT

Inside a classroom, good teachers
use different methods to assess their
students; for example: tests, student
observations, written homework,
conversations with students, and other
instruments to understand what they
have learned. Since the purpose of this
kind of assessment is to help pupils
learn, itis called formative assessment.

It has been well documented that
students learn more when they
receive feedback on the particulars of
their schoolwork, which is one of the
important premises. However there are
other kinds of evaluations. Summative
assessmentsin classrooms also serve to
make educational decisions. Basically
they allow teachers to determine
if a student has attained a certain
level of competence after having
completed a stage in his education.
These assessments are also known as
achievement tests. Some of the better
known forms of summative assessments
used by teachersin their coursesinclude
year-end examinations, institutional
examinations or mid-term exams.

There are other assessments made
outside the schools and classrooms.
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They are usually large scale in their
use and application and are given
by external staff. They also provide
institutions relevant and comparative
data on student achievement, which
classroom-exams are unable to do.
Third-party exams are far between and
results are provided at later dates. They
rarely provide timely information to
teachers and students that can be used
to make classroom decisions. They do,
however, provide valuable information
to institutions and national education
systems.

As you may have seen recently in the
press, decision-makers are beginning
to consider large-scale education
achievement tests a powerful tool to
change what goes oninside classrooms
and schools. In fact, all over the world

evaluations are now seen not only
as a means to measure performance
but to change it. There are examples
of this in Mexico such as the ENLACE
test (National Assessment of Academic
Achievementin Schools) and PISA test
(Programme for International Student
Asssessment), among others.

Even when the criteria of an assessment
are met, care should be taken to avoid
generalizing results and arriving to
conclusions that are not supported by
assessments. For example, a teacher
whose students score high on a test, is
not necessarily better than one whose
pupils get lower scores. The same thing
can be said about schools, the quality
of inputs such as student backgrounds
and available educational resources, all
of these should be considered when
interpreting assessments or their results.

VALIDATION OF ASSESSMENT

A crucial feature of an assessment is its
validity. Assessments of learning must
be valid, reliable and equitable if they
are to be useful. However we have yet
toreach a universal agreement on what
validation is, and that is fundamental
to assessments. | will now share two of
the most widely used interpretations or
definitions.The first one comes from the
United Statesand says thatforsomething
to be valid it must be supported by
empirical evidence, and by the theory
that backs up the interpretations of the
assessment results. In other words, the
interpretations and uses of assessment
are emphasized. There is a very well
known European school from Holland
thatsays thatatestis valid tomeasurean
attribute - for example, a competence,
literacy orknowledge —ifand only if that
attribute exists to begin with, and the
variations in measurements are causally
produced by variations in attributes. This
means that if an attribute exists and it is
reflected in the assessments, itisa sign
that the tests are valid. Validity is a core
issue that is often overlooked, but it is
very important and will be highlighted
throughout this paper.

ASSESSMENT AS EVIDENCE

Once again, an assessment is a tool
designed to observe student behavior
and generate useful information in
order to conclude what they know and
what they can do. An assessment tells
us what kind of evidence is available
to explain the competencies of the
individuals examined. Our beliefs about
the nature of learning will impact the
kinds of evaluation data pursued and
the inferences that can be made.

Peregrino et al. provide a very important
model, which | find fundamental in
this proposal. He says there are three
elements he terms the assessment
triangle. I've included this as a model
to make it clearer for you that there
should first be a cognition model that I'll
define later, then an observation model
and finally aninterpretation model. The
cognition modelencompasses the other
two elements, while the observation
model encompasses the interpretation
model.

A student cognition model should
containtwo levels of specificity:ageneral
model on how learning occurs and
another to explain learning in a specific
domain; for example, understanding
fractions. An observation model
should seek and be based upon the
beliefs and assumptions on the kinds
of evidence of student competencies
an evaluation should provide. In other
words, an observation model must be
in line with the cognition model, while
the interpretation model should serve
to find meaning in the information
provided by the assessment, and
appropriately interpret it within the
context of the model we have previously
specified.

The cognition component, that is,
the intellectual part in the design of
an assessment refers to a theory or
group of beliefs about how students
represent their knowledge. Assessment
will become more effective if its
designer begins with a very explicit

"An assessment tells us
what kind of evidence
is available to explain

the competencies of the
individuals examined.
Our beliefs about the
nature of learning will

iImpact the kinds of

evaluation data pursued

and the inferences that
can be made."

SCIENCE LEARNING ASSESSMENT: TRENDS AND CHALLENGES 27




FIG.1

Backhoff Escudero, E. PPT. November, 201 3.

http://innovec.org.mx/home/images/

PresentacionesVlIConferencia/backhoff.pdf

and clearly conceptualized cognitive
model of learning— something that
rarely happens in assessments. Such
a model should reflect the most
plausible scientific explanation of the
way students represent knowledge
and become expertsinagiven domain.

[ find the following example very much
represents what I'm saying. In the 1970’s
Siegler examined how people develop
an understanding of the components
underlying the principle he called
“torque”, which I'm about to explain.
He showed children of different ages
the kind of balance in the figure below.
It includes a rotating support called a
“fulcrum’,which allows the balance toftilt
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toone orthe otherside. This experiment
says that the balance can tilt to the left
orrightorremain level according to how
the weights are arrangedinthe pins.The
task of the students was to predict if the
arm of the balance would tilt to one side
oranother. In this case the variables that
influence the results are very important:
the amount of weight on each side, and
the distance from the fulcrum. Solving

these problems requires knowing how
to proportionally combine weight and
distance. This is a widely known physics
experiment.

In his investigation Siegler found four
veryimportantrules.The first one says: if
the weightis the same on both sides, the
forecast is that the balance will be level.
If the weight is different, the forecast is
the balance will tilt on the heaviest side.
This rule is practically common sense
and many students use it.

The second rule says that if one side
carries more weight, the prediction is
that the balance will tilt on that side.
If both sides have equal weights, the
balance will tilt on the side where the
weightis furthest from the fulcrum. This
isanother simplerule students usealot.
Finally there are two or three rules more.
To save time | will tell you the next to
last rule: If the weight and distance
are equal, the prediction is that the
balance will remain level. If one side
has greater weight or distance, and both
sides are equal in the other dimension,
then the forecast is that the balance
will tilt to the side where the unequal
dimensionis greatest.'ll leave it at that,
because the important thing to note
is that Siegler’s experiment produced
four well-defined rules that can explain
students’ answers in the experiment
or their language proficiency. For that

A current demand that will require greater innovation is to reconcile large-scale student and teacher
assessments with evaluations in the classroom. More importantly, these evaluations have different
purposes and therefore different approaches. If a large-scale evaluation wants a snapshot of an
education system it will necessarily be different to a class evaluation since the purpose of the latter is to

understand what students have and have not learned.

In many cases evaluation, science development and teaching have followed very different paths. There
are scant experiences (although the ones that do exist are highly interesting), in which scientific experts
for example in biology, physics or chemistry, have at the same time advanced in the teaching and
evaluation of scientific learning. Therefore, we lack well-developed theories as to how students learn
that could be taken to classrooms in order to derive important information from any assessments made
by the teacher to correct anything students’may have not learned in time.

purpose he designed six problems.The
problems were basically defined and
designed to determine which of the
four rules students will use.

Here they are:

This is the balance and these are the
problems posed by Siegler:
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He observed that when students
followed the first rule, they usually
succeeded in all balance problems.
They succeeded in the weight problem,
but not in the distance problem. They
succeeded in the weight conflict

FROBLEMS DESIGHNED TO OBSERVE
THE RULES USED AT THE BALANCE
2

5. Prphiems of corfict of Gatancs; & side wih mane
wasght o B obher micke with mone dislancy, and the
balynce eare on the side Wi e gredier daiance.
& Protiems of corfict of ring the sl corfiet

Eatween wesghl ared datsncy, whers Fam s
0 sk i U blancy,

problem, but not in the distance and
balance problem. The table shows
that students who understood the
relationship between weight and the
distance from the fulcrum were able
to solve all of the problems posed
regardless of conflicts or different
weights at different distances.

I will quickly show you an example.
An item at the Excale test, by the
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EXCALE EXAMPLE: ADVANCE LEVEL

A woman who has a regular manstrual cyde stared

her cycle on September 4th,

Appeoximately, on which day will he ovulation pecur?
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National Institute for the Assessment
of Education (INEE), says that ifawoman
with a regular menstrual cycle began
menstruating around September 4,
what day will she ovulate? The test
provides a calendar and students must
determine and select the approximate
dates when ovulation will occur.

Another very different example is a
sciences item that appearsin PISA and
reads:“The statues known as Caryatides
were built more than 2,500 years ago.
They were carved out of a kind of rock
called marble, which is made of calcium
carbonate. In 1980 the original statues
were corroded by acid rain.” This is
the basis for the questions. One says:
Normal rainis slightly acid because it has
absorbed some carbon dioxide from the
air. Acid rain is more acid than regular
rain because it has also absorbed gases
such as sulfur oxide and
nitrogen oxide.Where do
these nitrogen and sulfur
oxides in the air come

different from Siegler’s when he states
early that, “learning occurs this way,
a student may or may not assign, or
have one of the four rules investigated
previously, and therefore any student
who has one of these rules and uses it
will be able to solve such problems.”

To conclude, the strengths of
assessments rest on their adhesion
to learning theories. Their limitations
become apparent in that they are not
able to capture the vastness and wealth
of the competency being assessed. This
iswhat evaluations are usually criticized
for: they do not capture the important
things. Thereisaconcern as to whether
currently used assessments capture
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EXAMPLE OF PISA
MATURAL SCIENCES QUESTIONS

from? This question is

much more complexthan Emmhn:mnm-ha rock remed "
the one before. ASYOU 380 tha crigrs satises eers being comodes by cd
can see, itis not multiple rain.

choice, so students must
write their answers and
use their cognitive skills.
These two items differ
widely one from the
other, and both are very

The Mexican Academy for Science has a program called Science at Your School (Ciencia en tu Escuela)
devoted to the professional development of teachers. For ten years, our evaluation culture has not been

COMMENTS

easy nor fully understood by everyone as it has established itself with time (...) For example, inquiry-
based learning requires discussion. Language forms thoughts, so it is important for us to discuss and also

to learn to listen, observe and develop patience.

The program assesses materials and advisor performance. Advisors in turn assess teacher learning
activities and provide a summative assessment through a project. (...) Another thing we evaluate are

teachers’ attitudes towards sciences and mathematics by means of a questionnaire used before and
after interventions. The results have been surprising. For example, there are teachers who tell us they
find it very difficult to approach mathematical problems or science challenges and therefore hold tight
to their textbooks. At the end of the interventions, teachers tell us their perception has improved and
that they feel better equipped to approach problems and devote more time to experiment.

today’s emphasis on the complexity of
learning: levels of learning, reasoning,
comprehension, application or higher
levels of application. Regrettably many
evaluations do notfocus onthe cognitive
aspects indicated by investigations.
They are not designed to capture critical
aspects of understanding in students’
learning.

Finally, despite the great differences
between PISA assessments, and the
assessments of the National Institute for
the Assessment of Education (the former
are notaligned to curricula, whereas the
latter are) neither one of the examples
| showed you uses explicit cognitive
models such as the ones proposed by
Siegler.

The use of these explicit cognitive
models would require:

1. Adopting an effective cognitive
model to assess each one of the
scientific competencies of interest;
and, 2. Move beyond the pencil and
paper model to a computer-based
model that would make it possible to
evaluate cognitive skills in both small-
scale and large-scale applications.Today
we have what we call automatic test or
item generators that make it possible
to produce examinations based on
cognitive models. This would represent
considerable progress in science

assessment. This time, however, | will
not go into explaining automatic item
generators, but if you invite me next
year, I'll be happy to. Thank you.*

*Transcription




How is science learning being
assessed in both national and
international contexts.

Primary Connections case - Australia

An investigation made in 2012 on the results of the Primary Connections Program for the
Teaching of Science in Australia, showed that inquiry-based science education had a positive
impact upon elementary school teacher and student performance. Engage, Explore, Explain,
Elaborate and Evaluate are the names of the five stages in the effective model known as the 5E’s.

hankyouvery muchtothe organizers
for their invitation to be here and
share this conference with you.

My program sits within the Academy of
Science. This will give you some context
of schooling in Australia that might help
you interpret what | am going to talk
to you about today.

There are eight states and territories,
and most of the people live in the
coastal areas, and most of them live
on the Eastern seaboard. There are just
under 8 thousand primary schools; 126
thousand primary school teachers, and
on average there are 30 students per
class.

The program that | am director of is
called Primary Connections Linking
Science to Literacy, and this is the aim
of the program:

"Toimprove student learning outcomes
for primary school students in science

and literacy, by developing professional
learning programs supported with
quality curriculum resources, toimprove
their confidence and their competence
for teaching science."

The program has been going now for
about eight years, and it has two main
parts, which is very similar to a lot of
programs in other parts of the world
for scientific education. We have now
developed a professional learning
program that has ten modules for
working with teachers and facilitators.
There is also now a suite of 31 units of
work that cover all the first six years of
primary schooling.

This has been developed with Australian
government funding of $11.2 million
dollars over those years. Because we
are using taxpayers’'money, it has been
a requirement that we monitor and
evaluate the program. So there has
been a program of commissioning
independent, external evaluation
and research, and there are over 20
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research reports that can be accessed
in English on our website: https://
primaryconnections.org.au

Today what | am going to talk about is
one of those major pieces of research
that was done in 2012. The graph on
next page shows the uptake of our
program in Australia.

You can see over the period that teachers
have embraced the kind of approach
that we have been working with them
and that now is used in one way or
another, more soin some schoolsthan
in others, in 62% of Australian primary
schools.

But this is what | will go through. |
will talk to you about why we did this
particular piece of research. It is based
around the learning and teaching model
that underpins our program called the
5Es. | will talk briefly about what that
is. | will talk about what the research
did, what we found, the conclusions,
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Fig. 1 Peers, S. Primary Connections case — Australia. PPT Presentation.
http://innovec.org.mx/home/images/PresentacionesVllConferencia/peers.pdf

and then some implications from that.
First of all, why did we commission this
particular piece of research? This report
was commissioned so that we could be
accountable for what we were doing.
We had spent alot of money,and more
importantly from my perspective, a
lot of energy working on developing
this program, and we needed to
continuously monitor the impact that
we were having; and also to continue
to improve teaching.

We had a very large amount of data
from the process we used in developing
the program. Our 31 units of work once
developed were always trialed in schools
across Australia. As part of the trialing
process, the teachers provided to us
written feedback about each one of
these units of work. This was then used
to modify the materials. So we had this
huge amount of feedback that gave
greatinsight about our teacher practice.
We approached to a researcher from
Southern Cross University in Australia

to do a review of the impact of the
5Es learning cycle that we used as the
underpinning of our program.

So that you can understand some of
thefindings, I'll very quickly go through
what the 5Es model is.

THE 5E MODEL

The 5Es is an instructional model—a
sequence of planning learning that is
designed to assist students with their
reasoning to help them develop better
understanding. Roger Bybee in the
United States of America developed
the original 5Es model. We had worked
somewhat with that over the eight years,
and we'd done an enhanced model
of it, but there is too much in that to
getinto it today. So to know the 5Es is
sufficient. | believe that here in Mexico it
iscommon to use a model that has four
phases,and there are many such models
that are based on inquiry approaches.
This just happens to be the one we use,
but as you will hear, we found it quite
effective.

ENGAGE students’interest

EXPLORE hands-on activities
EXPLAIN using science ideas
ELABORATE conduct student-planned
investigations

EVALUATE students’learning outcomes

The key thing to remember about this
and to interpret some of the feedback
from the researchers is to know this
was explained in this sequence.You see
that EXPLAIN isin the middle and most
importantly, that ENGAGE comes first.
So ENGAGE, EXPLORE, EXPLAIN before
students can acquire what they’ve been
learning, to do some ELABORATION and
then there is EVALUATION.

From this model, we have various
expectations about what it is that
teachers and learners will talk about
and do in their classrooms, and our
research is about it.

THE RESEARCH

The research questions: We wanted
to know what teachers were
understanding of the 5Es model, how
did they implement it? And were there
any factors that either obstructed it or
helped them in carrying out effective
teaching?

What the researchers did was a rather
major piece of work. They undertook
a qualitative content analysis of
this written feedback from over 200
teachers that had been compiled over
seven years, from 2005 to 2012, of 16
particular units.This consisted of almost
3 thousand teacher statements, so this
was quite a major task.

They used multiple lenses for the
analysis. There were three main ones
infact.We looked at the purposes of the
phasesin the 5Es that | talked about just
before.We then looked at the teacher-
learner roles that we expectinaninquiry
approach and that is based on some
work by Wynne Harlen. And the third
frame of reference was to look at the
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feedback from the teachers in relation
to what we had come to know as the
components that support effective
teachingand learningininquiry-based
approaches.

FINDINGS

As well as looking at this document
analysis there was also a fairly small
survey done of about half of the teachers
that had been involved in providing
this analysis, but | won't go through
that bit today.

The research was reported in these five
categories, so | will look at each of those.

I. General implementation of the
5Es model

Il. Implementation of the purposes
of the phases of 5Es

Ill. Perspectives on teacher and
learner roles (Harlen, 2009)

IV. Components of effective learning
in science (Sis Tytler 2003)

V. Other issues arising

Thefirstone:thegeneralimplementation
of that model for inquiry instruction.
What | will do is that in each of these
five ways of reporting | will look at what
was happening that was going well,and
what were the things that we found
teachers were finding challenging. |
hope that will help you get some insight

into the challenges that we had with
inquiry approaches.

Ok, for the general implementation
we found that the structure of using
a framework for teachers to do their
planning worked very positively and
certainly encouraged a lot of student

“I think it is important
that we learn far more
from the challenges than
we do from the successes.
And | encourage my staff
to look at the positive
feedback once, and the
negative feedback nine
times.”

autonomy in undertaking their learning.
In fact we even found that in some of
the classrooms that the students were
able to tell the teacher that“No, this is
the engage phase. I'll be doing what
you want later on.I'm going to engage
fornow."So the students started to take
control over their learning.

There were also a lot of cases where
the teachers took this planning model

from their science teaching and used
it in other areas of the curriculum (So
it was good to see), and they started
to develop an appreciation that for
effective science learning being”hands
on”and being engaged to learn is not
enough.

Next | will talk about the challenges we
found but first | would like to make a
comment. | think it is important that
we learn far more from the challenges
than we do from the successes.
And | encourage my staff to look at
the positive feedback once, and the
negative feedback nine times. So for
every ten times we looked at their
feedback, we had more to learn from
what the teachers told us wasn’t going
well, than we did learn from what gone
very successfully.

But of course, as writers of the units
there’s a strong temptation to nine-
times read what went well and what
the teachers thought was great, and
only once look at what went wrong.
And perhaps even then say, “Well the
problem lies with the teacher”. Sowe had
to encourage our team to flip that the
other way. If ever there was a negative
piece of feedback we endeavored to
change whatever it was that they did.

Ok. The challenges that we found
were the time that it took teachers to

In the media in Australia, frequently there are statements: “The problem with school’s science
education is we’ve got to get the students interested in science.” The problem isn’t students’interest in
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science. It’s what we do to the kids when we teach them science in schools. And clearly the problem gets

worse as the students go through school.

There is quite a large study by the Institute of Engineers in the UK. Massive numbers of engineers
were interviewed about when they first developed an interest in science. And there were some quite
substantial studies to show that unless students get switched on to the idea of science as a disposition
and a way of thinking by the time they are eleven years of age, they probably never will. And by the
time they hit fourteen years of age it is too late. So | think you can see from this how critical it is what

we do with students in the elementary years.

implement these units.The first units we
ever wrote, we ended up cutting them
in about in half. And what happens in
modern science units? Frequently, very
passionate people put in everything
they think is important about science,
and the teacherin the classroom cannot
cope with that. So we learned a very big
lesson in our first year: that everything
we did had to be achievable, and it had
to leave the student and the teacher
with a sense of success.

The other thing that we found was that
when teachers got under stress they
started omitting phases of the teaching
and learning model.There is quite a bit
of research that the learning is not as
effective when that occurs.

The next thing that was looked at was
the implementation of the purposes
of the phases.

Now the things we were doing very, very
well were that teachers were very good
atengaging students and students were
very good at being engaged. Students
were very good at exploring. They love
to tinker, have a go at things. Also we
found that in the EVALUATE phase,
students were very good at reviewing
their understanding.

However the things that were less well
done were in the ENGAGE phase. It’s a
case in which teachers must raise the

questions from the students. Teachers
found it very hard. From the feedback
we learned that it was because they
were afraid of what they had to do
with those questions if they got them
from the students. But it's a key part
of inquiry that when students feel an
ownership over the question that their
learning is far deeper.

The other thing that we found was
that students found it very difficult to
compare their ideas with the ideas of
other people; and of course that’s an
essential part of learning. If you want
to improve what you think, you need

to compare what you currently think to
someone else. And the students needed
a lot of support for that.

Ok, the third one, Perspectives on
the teacher and learner roles. From a
constructivist perspective we found
that there were high levels of active
learning, but there were low levels of the
students providing evidence for their
reasoning. We found that this was due
a lot to the fact that teachers weren't
sure how to do this as well. So we had
toincrease the amount of support that
we provided to teachersinthatarea.The
otherthing we found was that students
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found it very difficult to modify their
ideas in the light of new evidence. They
would have an idea before they would
doatest.They would carry out the test
and the results would not confirm their
ideas. But they would say “I'm must’ve
done it wrong” and they found it very
difficultto entertain the idea that maybe
their original idea wasn't right. Which

again is the basis of learning. So, we
improved the amount of scaffolding we
would give to teachers, so they could
help students engage with those ideas.

From the perspective of an inquiry
perspective, we found this was a strong
ethos, but the negative side was that
there were far more teacher-guided

investigations than there were student
directed investigations. And we find it
takes teachers two or three years before
they have a level of comfort to engage
with that.

Another perspective is a language
perspective. Australian kids love to talk.
They didn't have any problem with
this. But of course it’s about the quality
of talk. There was a strong focus on
students expressing themselves, but
what was less well done was listening
to others about theirideas to help frame
their learning.

And finally, from an assessment
perspective, we found we had some very
good results. However, the results were
inconsistent. A very important one was
that teachers have a lot of confidence
in assessing concept outcomes, about
the content; but they were doing less
wellin assessing students inquiry skills
or the processes of science.

Also, using informative assessment.
Teachers were very good at assessing
where the students were at, but they
didn't know what to do with that
information. So, again, we built that
very explicitly into the units of work
we will provide.

And, the components of effective
teaching and learning. The strong
ones to be found were that students

I will tell you about a European project that has been very successful for NTA in Sweden. It is called
Fibonacci.:http://fibonacci.uni-bayreuth.de/
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chosen:

One outcome from this project was a booklet called “Tools for Enhancing Inquiry in Science Education”.
From these tools we developed a teacher-training course that we are trying now in Sweden.
The teachers participate in three meetings and they start with these three questions that we have

- How do I collect the pupils’thoughts and experiences?

- How do | work for the pupils to realize and see how they will observe when they are doing
experiments?
- How can the pupils show their learning and feel confidence in learning?

We worked with these questions in collaboration learning. One thing that we have in mind is to try to
focus on teachers to ensure that pupils are at the center of the process all the time. We try to foreground
delivery methods to go from that foregrounding professional knowledge and skills, and meet the double

were actively engaged with ideas.
They were starting to be engaged
with ideas about evidence. Also, they
were developing deep understanding,
so there was a move away from just
doing things to actually learning. And
in one way or another all the elements
of the framework we use about effective
learning and teaching were found to
be evident.

About other issues arising: teacher
beliefs impact on the way that they
chose to operate in a classroom. We
found that this resulted in teachers
modifying the approach, before they
understood the approach. We found
that they would abandon or adapt
lesson steps, or even lessons; or that
they would switch around the order
of the phases.

Once teachers understand the model,
we think that it's part of the teachers’
professionalism that they must take
control of the teachingin the classroom.
But teachers were doing this without
fully understanding while they were
making these choices. So, the quality
of learning was less.

Another very surprising thing we found
was that teachers expectations of which
of the activities their students would find
interesting was frequently wrong, both
ways: things that the teachers thought
the students would find boring and

laborious, the students would love. And
things that teachers expected students
would find exciting, they found boring.
So we had a lot to learn from that too,
about the way we constructed the units.

CONCLUSIONS

Moving on now to conclusions: overall
from this study what we found was that
primary teachersin Primary Connection
using this 5Es model had had a very real
and positive influence.

The other thing we found was how
important language was as a tool of
learning, both in terms of the students
representing what they know and
for them to learn things as well. For
developing the resource materials,
(we found) very strongly that learning
science needs to be more than doing
activities. Also, the amount of work that
we expect needs to be confined. We
found that a unit of work that took more
than ten hours, the teachers started
leaving things out, saying that they
just couldn’t get through that volume
of work. And the other thing you could
see it from the earlier comments. The
purpose of the phase in which the
learning is occurring must be very clear
and must come out in the literature.

MESSAGES FOR PRINCIPALS AND
FOR EDUCATION SYSTEMS

All our research the only area that we
found as being a challenge has been
principals, because principals don't
have time to engage in exactly what it
is that we are trying to help teachers
do, they don't appreciate how much
time it takes nor how much support
teachers need.

The other thing is they focus more on
literacy and arithmetic, so there is quite
deal of work that needs doing to help
principals understand about inquiry
approaches. | think it needs time. They
need a chance for professional learning.
They need time for preparation and they
need time to reform their practice. So
the message for principals and systems
is that initiatives need to be sustained
and they shouldn’t be run off and they
shouldn’t stop and start. That doesn’t
help teachers.

MESSAGES FOR TEACHERS

You need to encourage quite a range
of science inquiry skills, and you need
to provide support; especially for fair
testing from the initial stages. Students
have a strong sense of what is fair. A very
young child can tell you what's fairand
what'’s not fairwhenfoodis being served
atthetable.Their sense of fairnessis very
strong. So what that meansin a science
contextis teacher support. And thereis




the need to explicitly introduce thisidea
of evidencein away thateverybody can
use in order to make decisions.

Learning through programs like Primary
Connections, or perhaps there is a
program in your country as well is,
number one: we need advocates, we
need champions, we need leaders in
schools. Because it is hard work we
need those people to drive initiatives
forward.

We need funding, and the funding must
be ongoing. We need to know who all
the key players are in the positions of
power,and we need to know their needs,
and we need to help them understand
exactly whatitis we are trying to do.We
need to be able to communicate our
vision so people understand what we're
trying to do and bring all the players
along with you. We need to plan for
reform as a conscious improvement.
It's hard work but it’s very rewarding.
Keep in mind that tackling student
engagementis perhaps the easiest part.
They have an innate curiosity about
the world; however it's teachers who
need the support. And alot of research
has shown that teachers are the single
mostimportant school-based factor to
impact on students learning.

I'll say that to you again because | think
that it’s really important. Teachers are

the single mostimportant school-based
factor to improve student learning. So
the focus needs to be on teachers.

IMPLICATIONS FOR MEXICO

[ think the challenge for all our Mexican
colleagues will be how you are going
to synthesize all the information you're
going to get at this conference, and
how will you decide a plan of action
that will transform science education
for you. What can you learn from both
the successes and failures of others?
What's holding you back from your
goals? Do you know what your goals
are and where you want to go? And
will you be able to work out how you
are going to get there?

Thanks for the opportunity to share
with you.*

*Transcription

| think the trends and challenges that | saw in former presentations are partly different, but we have a
common goal in mind. What | thought was interesting was listening to people as learning to live with
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complexity, rather than finding simple solutions.

In terms of what we've learned in Scotland, there like you and like many countries internationally,
Scotland has been involved in major curriculum and assessment reform. We call our reform Curriculum
for Excellence. The model we used this time was successful mainly because of three issues. The first of
these is that innovation has to have educational integrity. People have to believe that innovation is

about what matters. Is about giving children better opportunities in learning. The Reform has to have
professional integrity. So, it has to matter to the teacher. It has to deal, for example, with something
matters to the teacher. It has to be done with people not to people. And the third part that matters is
that is has to have systemic integrity. We believe that education innovation is like a watch: if one wheel
doesn't move, everything stops. So everyone has to be part of that process and work together.

"Learning through
programs like Primary
Connections, or perhaps
there is a program in
your country as well
Is, number one: we
need advocates, we
need champions, we
need leaders in schools.
Because it is hard work
we need those people
to drive Initiatives
forward.”
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Strategies for using Assessment

for the Improvement of Science

Learning Outcomes

This paper is concerned with the use of assessment to help inquiry-based learning in science. As

we will see, the goals and practices of assessment used to help learning (formative assessment)
relate closely to those of inquiry-based science education (IBSE) and this relationship can help
the understanding and implementation of IBSE. The paper begins by looking at the collection of
pedagogical strategies that make up formative assessment and then consider their application to
IBSE. Throughout it is important to clarify the terms being used, so we begin with the meaning of

assessment.

ASSESSMENT PURPOSES AND USES
Assessment is the word that is used
to refer to processes of generating,
collecting interpreting and using
evidence to make judgements about
students’ learning for a particular
purpose. In some countries and
languages this is called ‘evaluation),
but generally the word ‘evaluation’
is used, as by the OECD, to refer to
‘judgements on the effectiveness of
schools, schools systems and policies’
(Nusche et al 2012). Where there is
likely to be any confusion we refer to
student assessment or assessment of
learning outcomes.

Student assessment in education serves
several purposes, which fall into three
main categories:

[1] to help build students’
understanding (formative assessment)
[2] to provide information on

students’ achievements to parents, to
students’ next teacher as they move
through the school orinto high school,
and (at the end of high school) to further
and higher education institutions and
employers (summative assessment)
[3] to hold individuals and
institutions to account (assessment
for accountability).

The concerninthis sessioniswith thefirst
of these - the use of assessment to help
learning, particularly in inquiry-based
science education (IBSE). Assessment
used in this way is called ‘formative
assessment’or‘assessment for learning’
Itinvolves the on-going monitoring of
students’ progress towards learning
goals in order to provide feedback
both to the teacher and the students.
Assessment for this purpose is not
undertaken at one particular point in
alesson or series of lessons on a topic -
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asis the case for summative assessment
which summarises achievement for
reporting at certain times — butinvolves
gathering and, where possible, using
data about learning as it takes place.

FORMATIVE ASSESSMENT AS A
RECURRING CYCLE OF EVENTS

The actions and decisions involved
in formative assessment can be
represented as a cycle of events (figure
1, based on Harlen 2006). ‘A’ ‘B’ and
‘C’ represent activities related to the
goals of the lesson or series of lessons.
The goals determine what evidence
to gather. This is then interpreted,
used in deciding how to improve
learning, leading to action in the form
of subsequent activities. The processes
are best explained through an example
shown in the green box of next page.

In Figure 1 students are at the centre
of the process, since it is they who do
the learning. The two-headed arrows
linking students to the various parts
of the assessment cycle indicate that
students both receive feedback fromthe
teacherand also provide informationin
what they do and say as feedback into
teaching.They participate in decisions,
where appropriate, through self- and
peer-assessment

Of course, the processis not as tidy and
formal as this representation appears
to show. The actions indicated by the
arrows in figure 1 are not ‘stages’ in
a lesson nor necessarily the result of
pre-planned decisions made by the
teacher. They represent the thinking
involved in focusing on what and how
students are learning and in using
this to help further learning. In some
cases it may be possible for teacher
and students together to decide on
immediate action. In other cases, the
teacher may take note of what help is
needed and provide itata later time.In
this way, using assessment formatively
can ensure that there is progression
in learning and that students are

about next steps

In a typical class of 10 year olds, an inquiry relating to condensation and evaporation
starts from the observation that moisture forms on the outside of a drinks can just
after it is taken out of the fridge. The goals of the lessons in which this phenomenon
is investigated might be for students to use inquiry skills to find out about what this
moisture is and where it comes from. In activity A they might plan to test their initial
ideas about what the moisture is (many expect it to taste like the drink inside). Having
decided it is water, another question is posed — where does it come from? They plan
and conduct a test of their ideas about this (very frequently they expect it to come
from the liquid inside, filtered by the metal of the can). The teacher observes what the
students do, encourages them to discuss with each other, listens to their discussion,
probes their thinking using open and person-centred questions (questions that ask
for what students’ideas not for ‘the right answer’).

The teacher interprets this evidence in terms of where they have reached in relation to
the goals, both in theirideas about the phenomenon being investigated (the presence
of water vapourin the air) and the skills they are using in attempting to find an answer
to their question. This informs decisions about the next steps to be taken. Perhaps the
students have some knowledge of water vapour in the air, but have no idea about
when and why it turns into water on the cold surface. So further questions are raised,
leading to activity B and the cycle of data gathering and interpretation is repeated.
The effects of decisions about next steps are assessed in the on-going process, which
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results in some progress in relevant ideas and in skills.

developing understanding of what is
involved, notjustin these activities, but
in learning, and are beginning to take
some responsibility for it. But does this
actually improve their achievement?

There is a growing accumulation of
evidence that formative assessment
does lead to improvement in levels
of achievement (eg Black and Wiliam
1998; Black et al 2003; Brookhart 2007;
Hattie and Timperley 2007; Shute 2008;
Wiliam 2009; Minner 2010).

Many of the studies of the impact of
formative assessment on learning
highlight the central role of students
in their own learning.The involvement
of students in assessment of their own
and each others’ work is among the
approaches that are most successful
in raising achievement. There are
examples of successful strategies for
involving students from the age of five
upward in assessing their work.

As well as empirical research, support
forinvolving studentsin decisions about
theirlearning also derives from theories
of learning.

Current views reject the notion of
learning as a matter of absorbing
information and ready-made
understandings from the teacher or
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"IBSE means students
progressively developing
key scientific ideas
through learning how
to investigate and build
their knowledge and
understanding of the
world around.”

textbook. Instead, learning is seen as
involving the active participation of
learners in using existing ideas to try
to make sense of new experiences.
There s also recognition of the value of
doing this with others so thatideas are
constructed in the course of sharingand
collaboration. Nevertheless, learning
goesoninside students’heads and they
must be willing to undertake it and to
make the nereachjcessary effort. This
being so, the way to help learning is to
give the students as much opportunity
as possible (appropriate to theirage and
stages) to know what they are aiming
for in their work and how to go about
it. This does not, of course, mean telling
students the answers, but helping them
to understand the questions. It is the
difference between saying‘follow these
instructions to compare X and Y" and
‘find out the best way of comparing X
and Y’ This may seem an obvious point
but it is in fact quite uncommon for

students to be able to articulate what
the teacherintendsthem to learn from
a particular activity, as opposed to what
they are supposed to do.

In order to assess their work students
need to realise what’‘good work’means.
For example, what makes a good plan
foraninvestigation? What makes a good
report of an inquiry? There are many
ways of helping this understanding
without imposing standards that may
seem arbitrary and meaningless to
students (Harlen and Qualter 2014).
One approach is through groups of
students brainstorming the reasons for
considering onereport to be better than
another.Bringing togetherideas fromall
groups leads to a list of criteria which all
agree areimportant. This creates a useful
checklist for self-assessment of their
reports. Such a list seems reasonable
and understandable to the students
because they produced it.

In summary, the key practices of
formative assessment are:

- Students being engaged in
expressing and communicating their
understandings and skills through
classroom dialogue, initiated by open
and person-centred questions.

- Students understanding the goals of
their work and having a grasp of what
is good quality work.

- Feedback to students that provides
advice on how to improve or move
forward and avoids making comparisons
with other students.

- Students being involved in self-
assessment so that they take part in
identifying what they need to do to
improve or move forward.

- Dialogue between teacher and
students that encourages reflection
on their learning.

- Teachers using information about
on-going learning to adjust teaching
so that all students have opportunity
to learn.

FORMATIVE ASSESSMENT AND
IBSE

Formative assessment will only benefit
inquiry-based learningin science if what
is assessed, how it takes place and how
theresults are used reflect the principles,
practices and goals of IBSE. As arecent
OECD review of assessment practices
recommends, assessment should be
aligned with the learning goals set out
in the curriculum (OECD 2013).

What should be assessed?

The learning goals of IBSE are implicit
in this definition:

IBSE means students progressively
developing key scientificideas through

It is important to be clear what the objectives of teaching are. However, we must
be careful that these objectives should not simplify learning in a lists about
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them.

"what should be" and "what not". Learning is broad and diverse, is a process
that even though you must be driven by objectives, should not be limited by

From my perspective, one of the main differences between formative and
summative assessment is as follows: the formative evaluation reviewed how
a learning process is occurring in the moment in which it takes place; While

the summative evaluation tends to look back in time, intends to see what the
student has managed to learn, or not. Both share the goal of identifying what
was learned or not, or that part of the learning process that was effective or not, in order to find the
points that have to be strengthened to reach the learning objectives. Both types of evaluation provide
the teacher valuable and complementary perspectives.

Wynne
Harlen

learning how to investigate and build
their knowledge and understanding
of the world around. They use skills
employed by scientists such as raising
questions, collecting data, reasoning
and reviewing evidence in the light
of what is already known, drawing
conclusions and discussing results.
This learning process is all supported
by an inquiry-based pedagogy, where
pedagogy is taken to mean not only the
actofteaching butalsoits underpinning
justifications (IAP2012).

In more explicit and operational terms,
when they are learning through inquiry,
over a period of time, students will
be undertaking actions and practices
listed in Box 1.

Of course, there are aspects of
learning science, such as knowledge
of scientific vocabulary, conventions
and use of equipment, that are best
learned through direct instruction and
assessed through short classroom tests
and quizzes devised by the teacher at
appropriate times.Thus not all science
teaching and not all assessment will be
concerned with the specific outcomes
of learning through inquiry. However,
when understanding is the aim, inquiry
has a key role in students’ science
education and it is necessary to face
the challenge of assessing the actions
and practices listed in Box 1.This brings
us to the question of how such evidence
can be collected.

How is evidence collected for forma-
tive assessment in IBSE?

As mentioned earlier, evidence can be
collected during classroom activities
by the teachers through observing,
questioning and interacting with
students. This is likely to involve:

- Asking questions of a particular
form — questions that probe students’
understanding, ideas and reasoning
(Whatareyourideasabout...?Whatdo
you think is the reason for...? What do
you think will help you to find out...?)

Box 1. Key students actions and practices in IBSE

« Gathering evidence by observing real events or using other sources.

« Pursuing questions which they have identified as their own even if introduced by the

teacher, and raising further questions.

« Making predictions based on what they think or find out.

- Suggesting ways of testing their own or others’ideas to see if there is evidence to support

these ideas.

- Using and developing skills of gathering data directly by observations and measurement

and by using secondary sources.

« Working collaboratively with others, communicating their own ideas and considering

others’ideas.

« Assessing the validity and usefulness of different ideas in relation to evidence.
- Reflecting self-critically about the processes and outcomes of their investigations.

- Encouraging discussion, dialogue and
argumentation, in which students have
to give reasons for their statements and
claims and use evidence to support
their conclusions.

- Observing students, since for young
students particularly what they think
isexpressed in what they do. (Noticing
what variables students change in an
investigation and whether appropriate
variables are controlled; listening to the
words they use and whether they use
scientific words correctly; etc.)

Data collected in this way have to
be interpreted in terms of progress
towards the goals, which requires
teachers to have an understanding
of how students progress in their
conceptual development and in the
development of inquiry skills. With this
understanding teachers use the data
about the students’ideas and skills to
decide how to proceed — what are the
next steps and whatintervention, if any,
isneeded. This brings us to the question
of how to use the results.

How are the results used?

The purpose of formative assessment
is to inform any action that is needed
(and action may not be necessary) whilst
learning is taking place. This is where
feedback comes in - feedback to the
students and feedback to the teacher.
Feedbackto students has beenidentified

as‘one of the most powerful influences
on learning and achievement’ (Hattie
and Timperley 2007) but whether or
not it has a positive effect on learning
depends on several factors. Feedback
is most obviously given by teachers to
students orally or in writing, but also,
perhaps unconsciously, by gesture,
intonation and indeed by action, such
as when assigning tasks to students.
Research (Butler 1988) shows that
written feedback is most effective
when it is in the form of comments
which indicate what students need
to do to improve their work. Marks or
grades don’'t do this and when both
grades and comments are given, the
students seize upon grades and ignore
any comments that accompany them.
When grades are absent they engage
with what the teacher wants to bring
to their attention. The comments then
have a chance ofimproving learning as
intended by the teacher.

In relation to the content of feedback
the evidence from research and
practice indicates an important
difference between feedback that
gives information about next steps
and how to take them, and feedback
that is expressed in terms of how well
the student has done (this includes
praise as well as criticism) rather than
how well the work has been done.This
applies to feedback given orally as well
as in writing. By all means praise good
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work, but recognise that this does not
help further learning.

Just as important as giving effective
feedbackto studentsis that the teacher
uses the data about how students are
tackling theirinquiries to feedbackinto
their own actions and plans. Teachers
have to plan their lessons in advance
and make decisions that may not always
turn out be the best in practice.

Using formative assessment provides
the information needed to revise and
change teaching decisions if necessary.
In so doing the teacher can adjust the
challenge of the students’work so that
so that there is the right mixture of
the familiar and the novel, so that the
students are neither bored by work
that it too easy nor confused by too
great a challenge. It may be necessary
for a teacher to change plans when
students are struggling rather than
risk a sense of failure. In this way the
feedback enables teachers to regulate
teaching to maximise learning.

STRATEGIES FOR IMPROVING
SCIENCE LEARNING OUTCOMES
The practices of formative assessment
relate tolearning in any domain and will
not tell us what action to take in relation
to developing scientificunderstanding
and science inquiry skills. For this we

need to turn to what is known from
experience and about how learning
takes place. In the case of inquiry skills
some general strategies are summarised
in Box 2, while Box 3 indicates some
strategies for helping students in
developing scientific ideas.

Box 2. Some general strategies for helping progression in inquiry skills

A. Provide opportunity to use inquiry skills in exploring materials and phenomena at
first-hand.

B. Ask question that require the use of the skills (and allow time for thinking and answering).
C. Provide opportunity for discussion in small groups and as a whole class.

D. Encourage critical review of how activities have been carried out.

E. Provide access to the techniques needed for advancing skills.

F. Involve students in communicating in various forms and reflecting on their thinking.

Box 3. Some general strategies for helping development of scientific ideas

- Extend experience so that non-scientific ideas are challenged.

- Scaffold the introduction of alternative ideas for students to test.

« Give opportunities for new ideas to be applied in different situations.

- Develop reasoning about changes that are being judged only from appearances.

- Develop inquiry skills so that relevant evidence is used in drawing conclusions.

« Create links between events with a common explanation, making ideas ‘bigger".

« Discuss with students the meaning they are giving to words related to science
concepts.

Every evaluation involves communication. We are not used to seeing this, but it is present all the
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time. When you ask a question, a student answers and you react to that answer, that is a process of

communication.

There is not much research on formative assessment among populations with cultural and linguistic
diversity. (At Boulder University) we are trying to find key aspects in formative assessment that could
fail if teachers lack better training for such diversity.

What we have found up until now is that many teachers definitely either do not speak to their students

or do not speak to all of them in the same way. Many teachers speak more often to students they know

will give the right answers. But they need to focus more on the students who do not participate, because
it is more valuable to know if students actually know something and if not, understand why not.

IN CONCLUSION

Formative assessment and IBSE are
approachesto teaching that have much
incommon. Both start from the existing
ideas and skills that students being
to the classroom, formed from earlier
experience both within and outside
school. Both promote students’active
learning - not just physical activity
in manipulating objects, but mental
activity. Both focus on progression in
learning and both are underpinned by
a view of learning as constructed by
studentsin the company of and through
interaction with others. But they are
notidentical and each has a particular
contribution to make to effective science
education. Formative assessment, whilst
not concerned with students gathering
and testing evidence, contributes
important points about feedback and
student self-assessment. Thus the
implementation of IBSEhas muchtogain
from simultaneous implementation of
formative assessment. We need both.*
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COMMENTS

| reccommend teachers to develop a chart for children self-assessment, in order to identify how they

develop different skills that are very important in IBSE. Each child should have a chart with skills like

this:

IBSE UNIT

SKILLS

Class
Session

Class
Session

Class
Session

Class
Session

Class
Session

Class
Session

Conduct investigations

Observe

Measure

Compare

Select and classify

Interpret

Collaborate with other students

Record/fill up personal note
book

Explain to others /Discuss

At the end of each class session students mark with a green dot the skill they developed
the most successfully, with an orange dot does that are on its way, the ones that are
not perfect yet, and red to mean that they were not successful on this. The interesting
thing is that at the end of the Unit all the red dots become orange, and the orange dots
become green. So that kind of chart gives a very positive feedback to the student. Even
if you have many children in your classroom there is a track that you can follow and
see how each individual student is doing. If you use in IBSE a chart like this, it can show
the parents what has been done during the class. It means that as a teacher you had
been working on skills that are very important like collaborate with other students,
explain to others and discuss. Even if the learning goal is not achieved at the end of a

class session, it would come at the end of the Unit. lhope this assessment resource can be
useful to you.




Formative Assessment as means
to induce reflection and the
generation of positive learning
environments

ROSA DEVES

We will address formative assessment as a process that is able to support learning processes
through: i) the stimulation of evidence-based reflection on what we learn and how we learn
and ii) the generation of environments that can favor learning by promoting dialogue and
collaborative work. Both dimensions are particularly relevant to science education because,
reflection on learning and fruitful interactions with others, are core elements of the scientific

practice.

These two aspects of formative assessment will be analyzed from the evidence gathered

in the course entitled "Scientific Inquiry at the School", which is offered to students of
different programs at the University of Chile. The course aims to familiarize students with the
fundamentals of inquiry-based science education and to provide opportunities for them to link
this knowledge to their own learning processes. In particular, in this presentation we give an
account of the effect of formative assessment in the learning outcomes of the students and the
increased understanding of the teaching team about the formative process.

THE COURSE ENTITLED
"SCIENTIFIC INQUIRY AT THE
SCHOOL"

The course was developed as part of
a General Education program and has
been offered four times during one
semester since 2010.Bothits conception
and execution are closely linked to
the Inquiry Based Science Education
Program (ECBI) that has been applied for
adecadein elementary public schools
in Chile. The teaching staff consists of
one academic and three specialists
from the ECBI program, that work in

collaboration with classroom teachers
from seven schools.

In its first two versions, the course
was offered only for undergraduate
science students and in following
years the composition of the group
has progressively diversified, both in
terms of discipline, and the level of
study. In 2013, the class was formed by
eight undergraduate students enrolled
in Biochemistry (2), Biology (1) Dentistry
(1) Early Childhood Education (4) and
by two students of the Ph.D. Program
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"There is an abundant
evidence that the use of
formative assessment
can be an important
facilitator of learning for
students as well as for
teachers"
(Wynne Harlen, 2013)

in Biomedical Sciences (a medical
doctor and a medical technologist).
Undergraduate students were at
differentlevels of their careers from 2nd
to 5th year, five of them were women
and five were men.Therefore, the group
of students in the 2013 version (that
is analyzed here) was highly diverse.
This condition was understood as an
opportunity to generate a more fertile
andinteresting learning environment
for the development of all students.

In the course the students face
the challenge of creating and
implementing aninquiry sciencelesson
at the elementary level, while they
learn about the bases of the inquiry
approach, its objectives, its pedagogy,
and the systemic challenges involved
initsimplementation. Since the course
is not specifically aimed at students of
pedagogy, but falls within the scope
of general education, an underlying
aim is to offer to them opportunities to
reflect on their own learning processes.

A central aspect is that students learn
in different contexts, the university
and the school, and this encourages
them to analyze the processes and
outcomes of their work, exercise
collaborative work, communicate and
share with other people experiences
and ideas (their peers, their teachers,
school teachers and children). All of
this while they become aware of the
responsibility that involves working
closely with the public school system.

APPLICATION OF FORMATIVE
ASSESSMENT

Because of the educational principles
that guide the course, as well as
because of the learning that it seeks to
promote in a diverse group of students,
assessment follows the guidelines
of formative assessment. From the
beginning, we have been progressing
from a more intuitive application of
these principles and practices to a
systematic application based on the

principles and strategies that are
presented and discussed in the book
"Assessmentand Inquiry-Based Science
Education” (Wynne Harlen, 2013).

Assessment is structured around the
following concepts and practices:

« Inquiry Methodology
Assessmentisembeddedin aninquiry
teaching and learning process that
is consistent with the objectives of
the course. Teachers act as facilitators
by offering the students different
opportunitiestodevelop understanding,
skills and attitudes.

« Person - centered assessment

The questions and challenges are
posed so that the students confront
their visions and ideas with those that
arise from their interaction with other
people and contexts (other students,
teachers, children and teachers of the
school system) as well as from reflection
of their own inquiry experience.

« Progression

At the beginning of the course,
assessment is primarily oriented to
bring out the experiences, beliefs and

interests of the individual students.
As the course progresses, focus is
transferred to the learning goals related
to the principles and practices of the
inquiry methodology. From another
perspective, the student's attention is
guided from areflection whichisinitially
centered on themselves (previous
experiences, concerns), to the challenge
ofgeneratingsciencelearninginchildren
(the developmentand implementation
oftheinquirylesson).The entire process
isdocumented in the student portfolio
in which students gather the evidence of
the work they have done, theirreadings,
observations and the reflections derived
from the analysis of the evidence. After
completion of the course, review of
the entire process is encouraged,
so that students can recognize their
achievement and progress and also
perceive the future challenges.

« Dialogic Relationship

In all activities dialogue is encouraged
(student-student, student-teacher,
teacher-teacher). Students are also
given the responsibility to establish
effective dialogues with the teachers at
the schools in the process of preparing
the inquiry lesson to be implemented.
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"Teachers facilitate the
learning process. They
offer to the students
various opportunities
to develop
compehension, and
different capabilities.”

These conversations which describe
their ideas, predictions, observations
and experiences, are an important
source ofinformation about the progress
of their learning and the evolution of
their thought.

« Continuous improvement and
feedback

Feedback on the work done by the
students is delivered through written
comments and / or discussions, either
individually orin groups. Feedback also
includes questions or suggestionsabout
ways to further the development of
concepts, skills and attitudes. Whereas,
during the development of the course
some assessmentalsoincludes a mark
(because it is required by the system),
students are called to complete or
further their work and are informed
that these marks are only referential
to assess progress. In this way they are
encouraged to engage in continuous
improvement as well as in the review
of their work. After completion of the
course, assessment is delivered in the
form of a text that refers to the progress
and achievements of the students from
the evidence gathered in the portfolio,
and an overall mark.

- Systematic and continuous reflection
by teachers.

Teachers, like the students, maintain
a dialogic relation, and after each

class meet to decide the next steps
of instruction, including a revision of
the challenges that will be presented
to students. The comments, as well
as the marks, are discussed and
decided among the whole team.
There is concern to gather evidence
on progress in different dimensions
ranging knowledge, skills and attitudes.

RESULTS

In the following sections we present
observations regarding theresults of the
application that can be deduced from
the records in the student portfolios.
These are focused on the two aspects
of formative assessment set out above:
the ability to induce reflection and
the generation of positive learning
environments. The oral presentation
will illustrate these conclusions with
evidence in their own words.

Students expressed that as a result of
experience they have been able to:

« Deepen their conceptual
understanding using "experience as
a key to generate thought."

- Widen their visions about education
by learning from the experiences of
other students and teachers.

« Become aware of the importance of
planning and rigor in pedagogy and
develop responsibility.

There is something profoundly different between formative assessment and summative assessment,
and that difference lies in teachers’ affections. When knowledge is reported in summative assessments

COMMENTS

students could be judged. This is unfortunate but it happens. By contrast, in formative assessment (a
teacher) accompanies someone in his learning. Thus the student is truly at the center and this changes
the perspective of affection, so communication changes. Additionally, something happens to the
teachers because accompaniment makes it necessary for them to know (their students). Understanding
is more than just measuring. Understanding is much more complex.

« Visualize the complexity of the
teaching practice and profession, and
the importance of collaboration to face
this challenge.

« Experiment personal changes;among
these, strengthening their commitment
to the teaching profession and to
education in general.

+ Detect the progressin understanding
from the analysis of the progress of
their work.

« Acquire "new ideas or ways of
understanding” as a result of the
contact with the reality of school and
group reflection of these experiences
with students from different disciplines,
"l learned to use my imagination more,
to develop empathy towards children,
to discover new tools."

+Recognize the value of paradigms that
are different from yours and experience
"radical changesin vision"; thisis more
evidentfrom the social sciences towards
the natural sciences.

« Recognize the importance of being
allowed to make mistakes, to have a
placeto "learn from others, not to fear"
and torethink many times theideasin
the search for greater understanding.

« Develop self-criticism and self-
evaluation with the stimulus of group
discussion.

The practice of formative assessment
has also helped the teachers to
recognize situations that would
not have been evident without the
information that comes from this
approach.




"Formative assessment (...) can also contribute to
educational knowledge, through inquiry and the
conceptualization of expert pedagogical work in a

COMMENTS

community of learning environment."

These can be summarized in the
following points:

« The greatest gain in learning
achievement, in successive versions
of the course, has come, in part, from
the growing diversity of the group
and the use of formative assessment
to benefit from this diversity. Thus
the course which initially was aimed
for students of scientific careers, has
become alearning experience of higher
potential, as aresult of diversifying the
student disciplinary fields. It has also
been beneficial that the group is made
up of students with different levels of
university experience.

« Interaction with the school system
is one of the most powerful sources
of learning and the reflection around
these experiences with others and with
the support of literature, expands ideas
and consolidates new knowledge.

« Both students that come from the
natural sciences, as those who come
from the social sciences (education),
state thatatthe beginning thelanguage
seemed foreign to them; at this point
the feeling is that the language that is
spoken and heard corresponds to the
language "of the other!"This shows that
all students must leave their comfort
zone to enter a different learning

People or children learn when they know what they have to learn, what the lesson goals are, and they also need
to know how to get to that goal. So, we should not hide what has to be learned. If you and the children know the
goals you can do formative assessment, because you know what you are looking for. If you know the goal, you
also know what to look for; if children reach the goal or not, and if they have to change some practices in order to

reach that goal.

Knowing the goal also allows children's self assessment. It gives them the possibility to identify what is good work
and what is not, and to assess their own work compared to peers' work.

space.The support that can be granted
through formative assessment, in this
process of adaptation, is critical.

« The two characteristics of formative
assessment that we have addressed are
interdependent: concrete experience
and reflection are enriched when
others are involved, and the ability to
establish meaningful and productive
relationshipsis strengthened through
reflective dialogue about experiences.

« Formative assessment can lead not
only toimproved educational processes
inthe specificareain whichitis applied,
butit can also contribute to educational
knowledge, through inquiry and
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Next Generation Science
Standars and implictaions for
assessment in the United States
of America

This article comments why inquiry-based science education is seen as ‘cornerstone’in education
in the United States of America; why ‘the trio of concepts, practices, and epistemology is at

the heart of the efforts to revise K-12 science standards; the claim that “the US new science
education Standards build upon research-based cognitive models of how learning unfolds over

time; and the implications of these developments for assessment.

WHY INQUIRY-BASED SCIENCE
EDUCATION IS SEEN AS
‘CORNERSTONE’IN K-8 SCIENCE
EDUCATION

The 1996 National Science Education
Standards (NSES) describes science
inquiry as “the diverse ways in which
scientists study the natural world and
propose explanations based on the
evidence derived from their work”
(National Research Council, 1996, p. 23).
The NSES argued very strongly that since
scienceinquiry is such a central feature
of science content it should be a major
componentof students'scienceactivities
to enable them to“develop knowledge
and understanding of scientific ideas,
as well as an understanding of how
scientists study the natural world” (loc.
cit.). It further stated that inquiry-based
science “is basic to science education

and a controlling principle in the
ultimate organization and selection
of students’activities” (p. 105).
Inquiry-based science education is
essential because it reflects science
as practiced in the real world as a
way of achieving knowledge and
understanding about the world.

When skillfully practiced in classrooms,
inquiry-based science education
creates, as it does in professional
science labs, a community of inquiry
where students engage directly and
intellectually in the practices of science.
They interact with each other, with their
teacheras co-inquirersinto phenomena,
and participate in critical but friendly
discussions and arguments about
their inquiries in pursuit of scientific
understanding and explanation. These
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“These experiences
make students’science
knowledge and
capacities visible. They
also help to bring out in
students what numerous
research studies have
confirmed, that they
have the intellectual
capability to learn
science and are capable
of causal reasoning. ”

experiences make students’ science
knowledge and capacities visible.
They also help to bring out in students
what numerous research studies
have confirmed, that they have the
intellectual capability to learn science
and are capable of causal reasoning.
Also, they can discriminate between
reliable and unreliable sources of
knowledge and demonstrate that they
have the cognitive capacity to engage
in serious ways with the enterprise of
science. (National Research Council,
2007, p. vii).

Inquiry-based science educationin the
US got a big boost when the National
Assessment of Educational Progress
(NAEP) madeit central inits 2009 science
framework. That framework outlines
principles of science inquiry, concepts,
and applications of science on which
NAEP survey tests would be based
(National Assessment of Educational
Progress, 2009: Science Framework
for the 2009 National Assessment
of Educational Progress). Inquiry-
based paper-and-pencil questions
were later included in NAEP tests and
more recently NAEP has introduced
computer simulations and actual
hands-on components in its large-
scale norm-referenced tests to assess
national trends ininquiry-based science.
Presuming that these measures are
valid and reliable, then for them to be
alsofair students’inquiry-based science
education should be at the core of
students’science learning in schools.

Similarly, at the international level the
Science Education Programme of the
Global Network of Science Academies
has published detailed descriptions
and significance of the inquiry-based
science approach and of its centrality
in science education at all educational
levels beginning in early childhood
education. For example, in Inquiry-
Based Science Education: An overview
for educationalists, it puts forward
justifications for inquiry-based science
education. It claims thatinquiry-based
science education enables learners to

A Framework to guide changes in

science education in K-12

K12 SCIENCE

EDUCATION

NEXT GENERATION

CIENCE

—

N\
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Instruction
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development

Rick Duschl, NSTA Web Seminar presentation, p.11

understand aspects of the world around
them, both natural and those created
through application of science; it
develops a basic understanding of what
scienceis, how it works and what are its
strengths and limitations; it cultivates
skills for communicating experiences
and ideas in science; it enriches the
linguistic and representational skills
needed for effective expression of
thoughts and ideas in science to
advance arguments, justifications, and
constructed explanations; it nourishes
an ability to continue learning leading
to further development of concepts,
skills, attitudes, knowledge and
understanding is regarded as more
important than accumulating large
amounts of factual knowledge (Wynne
Harlen & the IAP Working Group, 2009,
pp. 21-22).

The promotion of inquiry-based science
education recently reached its highest
point in the US with the publication
of the National Research Council’s
research-based document,

A FRAMEWORK FOR NEW

K-12 SCIENCE: PRACTICES,
CROSSCUTTING CONCEPTS,
AND CORE IDE

The Framework is a greatly evolved
view of inquiry-based science education
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and portrays the scientific enterprise
as knowledge- and theory-building.
It presents a coherent vision of K-12
science education in three ways.

"Firstitis built on the notion of learning
as a developmental progression. It is
designed to help children continually
build upon and revise their knowledge
and abilities, starting from their curiosity
about what they see around them and
theirinitial conceptions about how the
world works. The goal is to guide their
knowledge toward a more scientifically
based and coherent view of the sciences
and engineering, as well as of the ways

Practices

in which they are pursued and their
results can be used.

Second, the framework focuses on a
limited number of core ideas in science
and engineering both within and across
the disciplines....

Third, the framework emphasizes that
learning about science and engineering
involves integration of the knowledge
of scientific explanations (i.e. content
knowledge) and the practices needed
toengagein scientificinquiry and engi-
neering design. Thus the framework
seeks to illustrate how knowledge
and practice must be intertwined in

Core ldeas

Cross-Cutting
Concepts

Diagram from Helen Quinn and Heidi Schweinburger; Seminar presentation.

designing learning experiencesin K-12
science education” (National Research
Council, 2012, pp. 10-11).).

The Framework has three intertwined
dimensions, namely scientific practices
and engineering design (e.g. asking
questions in the case of science and
defining problems in the case of
engineering; constructing explanations
in the case of science and designing
solutions in the case of engineering),
crosscutting concepts (e.g. patterns,
cause and effect, structure and function)
and disciplinary coreideas (e.g. matter
and its interactions - physical sciences;
from molecules to organisms in life
sciences; earth’s place in the universe
in earth and space sciences; and
engineering design - engineering,
technology, and applications of science)
(See APPENDIX 1 for full list).

All three dimensions are organized in
learning progressions simultaneously
within a grade level band and across
grade level bands. Science learning
progressions are:

“(...)empirically grounded and testable
hypotheses about how students’
understanding of, and ability to use, core
scientific concepts and explanations
and related scientific practices grow
and become more sophisticated, with
appropriate instruction...These hypo-

Just as in inquiry-based science education, the concept of assessing learning outcomes has not been
fully understood in its exact dimension. A proper learning assessment proposal for inquiry-based
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education should begin with a conceptual framework and the purposes of this model, in addition to
an updated conception of assessment supported by national and international progress on the subject.
An assessment of this kind requires conceiving students as human beings capable of building scientific

literacy and resorting to their intellectual capabilities. It also calls for proper planning and rigorous
methodology that focuses on measuring students’ progressive understanding of scientific ideas and in
the development their skills.

Evaluation can come in various modalities according to what is to be evaluated. The objectives and
characteristics of the inquiry-based science education model determine the importance of keeping
an eye on formative assessment. What do we mean by formative assessment? Felipe Martinez Rizo
characterizes it by stating that in a broad sense formative assessment refers to the feedback teachers
usually give their students. According to this idea, formative assessment has been present in classrooms

theses describe the pathways students
are likely to follow to the mastery of core
concepts. They are based on research
about how students’ learning actually
progresses — as opposed to selecting
sequences of topics and learning expe-
riences based only on logical analysis of
currentdisciplinary knowledge and on
personal experiencesinteaching.These
hypotheses are then tested empirically
toassess how valid they are." (Corcoran,
Mosher, & Rogat, 2009, p. 8; see also
National Research Council (2007), and
Duncan & Rivet, 2013)

Next Generation Science Standards
(NGSS) is a reflection of the Framework
(Achieve, 2013)http://www.
nextgenscience.org/. The example
below illustrates how a standard in
the K-2 grade range combines practices,
coredisciplinary ideas, and crosscutting
conceptsinasingle statementregarding
students’ performance expectations
around the disciplinary core idea of
earth’s systems.The example also shows
connections to the nature of science,
to the same core idea at higher grade
levels, to language arts or literacy, and
to mathematics.

WHY ‘THE TRIO OF

CONCEPTS, PRACTICES,

AND EPISTEMOLOGY IS AT

THE HEART OF THE EFFORTS
TO REVISE K-12 SCIENCE
STANDARDS

Disciplinary science core ideas serve
as anchors around which to build
more and deeper understandings of
subject matter. Research comparing
performance of experts and novices in
all fields of study found that “experts,
regardless of the field, always draw on
arichly structured information base...
Deep understanding of subject matter
transforms factual information into
usable knowledge.” Research further
shows that a pronounced difference
between experts and novices is
that experts’ command of concepts
shapes their understanding of new
information: it allows them to see
patterns, relationships, or discrepancies
that are not apparent to novices...
their conceptual understanding allows
them to extract a level of meaning
from information that is not apparent
to novices, and this helps them select
and remember relevantinformation...
Experts are also able to fluently access
relevant knowledge because their
understanding of subject matter
allows them to quickly identify what
is relevant” (National Research Council,
1999, p.12)

By focusing on acquisition of science
concepts it is believed that successful
implementation of NGSS can help
students progress towards developing
and using a conceptual framework
of science that will enable them to
progressively become better than
novices and think more like scientists. A
student who has acquired a conceptual
framework is better able to apply what
was learned in new situations and to
learn related information more quickly.
(loc. cit.). For example, a student who
has a conceptual understanding of local
weather can relatively easily understand
weather phenomena in another part
of the earth.

Science practices are the vehicle that
carries scientific inquiry forward. They
help focus attention and generate
questions that can be answered
scientifically yielding demonstrated
evidence. Engagement in all the
practices is the lifeblood of doing
science and of the advancement of
the field; without them, there would
be no progress in science as creator
of testable models, explanations, and
theories. There would be no scientific
community as we know it.

It is important for students to have
evidence-based criteria for making
judgments about their science
inquiries. But they must know and




K-E553-1  Eorth's Syssemns

Sandenti who demonginale wndersonding oo

K=ERS3:1. Llse and thare absersalions ol local wealksd condiont 1o describes patiemns sver Bime.
Choriticodion Seotement: Exomples of ouolfative obsersations oould inchyde descriptions of B
wpoEee [ wech 08wy, cloudy, roeny, ond sorm|; saompke of quarienive ohisrvatiom coald
nchucle nembery of wony, windy, and reiny dayy s a menth, Examgler of pestems could
nchudle thol B h ssvally sogler in the mamisg then in e aflerscon cnd the mamber of ey

days wersus choudy doys in difleden moatha ] |Adssimenl Bouvsstery: Aiiasimenl of guosiiclneg
pahpere i brubed! lo wheede maprdeerp o relolee menoered dudh o e e ook, |

The perdommasce expectalion obove won develapad wing the following elements Trom the NRC documen 4

menswable atidbutes of o single objece. (K-E852.1)

Fromawonk for K- 2 Ssnnee Bdueaiiss
Lelence and Englnaesring %;l Hl ”:: IE |=I: :: |- EI:HII””EE:”!l :I.
Pract-did Waslhar and Climass #

- ; 1. ‘Weosher is the combination of *  Pateseny in the nofural world
wanlight, wind, wnow or rain, ond can be ohsereed, med io
temperobsre o portiodon describe phenomano, and
reeghon oF 0 porticubor e, wed ey avicerse.

Poople macnure thews conclitions
1z desoribe ond record the
waather and Ba ncfice patharm
aver fima.
OFcedd et
ot
<Cpnnecrioss o Metwrs of
Siremle
Sorence Keowledpe s Bosed
wn Emplrical Evidence
*  Schantivh ek for patterm
and crder whan making
ohrervetions chouwt the
wenrle.
Conmecfions io ofher DCH in kindergorfes: MA
Arficviadion of DO odroin grode. el
TESST.A ; 3 ES5DD 4 E55T A
mhd.ru': El.l-lr-r'.ll'.l-'ﬂ
Eda{srocy
We_T Paicipobs i ihared isieaich ond writifg projedch [e.g., saplone a numbes of Booki by &
foverite cuthar ond eapres cpisiont abt Bem). [K-ES52-1]
Mayiera s
MF.2 Resaeon abatrocsly ond quonsiotvely. (K-ES52-1)
[l Mol wirth miothemaanice (K-E5521)
K.EC.A Kirazwe ramiber nomes ond the cound wequence, [K-F353-1)
K.MDAL  Descrise meansoble atribuees of abject, wch o bangsh oo weight. Detcribe tevaral

adopt standards of evidence or
epistemological norms inherent in
various science disciplines so that they
know what is credible evidence in a
given science discipline.On those bases
they can distinguish between what is
wrong and what is right; they can also
engage in forceful arguments about
relevant science models and theories
knowing very well what is significant
and what is trivial in the discipline.

The'trio’of dimensions was adopted to
address perceived weaknesses in K-12
science education in the US. Some of
the major weaknesses, are that K-12
science education “is not organized
systematically across multiple years
of school, emphasizes discreet facts
with a focus on breadth over depth,
and does not provide students with
engaging opportunities to experience
how scienceis actually done”(National
Research Council, 2012, p. 1). The
Framework and NGSS suggest that
these weaknesses can be removed by
first creating and implementing science
education standards that integrate
science and engineering practices,
coredisciplinary ideas, and crosscutting
concepts embedded in science
learning progressions. Emphasis on
theintegration of the‘trio’and focusing
on fewer science core ideas helps to
avoid shallow coverage of many topics
without going into depth; prevents

recognize when learning goals have been achieved or require revision or improvement. In formative
assessment feedback is key. The important thing here is not to find out if a student masters a subject or
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student learning.

&
°

inquiry.
I have emphasized formative assessment, but it would be unfair not to mention summative assessment.
Good summative assessments, understood as final exams, should be ruled by technical requirements
and procedures derived from investigations on evaluation. Therefore they can provide valuable general
information to complement data from formative assessments on academic performance as well as the
strengths and weaknesses of the model.

not, but to effectively contribute to students’ progress in learning and achieving a given goal—namely,

If we consider that inquiry-based science teaching and formative assessment are congruent and
complementary, we can admit they are “made for each other” and therefore, it is highly advisable to
recommend and reinforce incorporating formative assessment in classrooms where learning is through

treatment of science as disjointed topics;
meaningless repetition of topics; and
“helps clarify what is mostimportant to
spend time on and avoid proliferation of
detail to be learned with no conceptual
grounding”(p. 11).Thedimensions are
an essential component of overcoming
the weaknesses by articulating broad
research-based sets of expectations of
students in science.

The three dimensions help to clarify
science. Forexample, while the sciences
share features and abilities described
under practices, their disciplinary core
ideas differ or emphasize different
perspectives, hence the separate core
ideas according to different groupings
of disciplinary knowledge. Crosscutting
concepts transcend individual sciences
and buttress the idea of the presence
of unifying concepts across the various
sciencedisciplines. Itis vitallyimportant
for students to grasp relationships
among science discipline-based core
ideas and crosscutting concepts as
they engagein scientificinvestigations
characterized by science practices.

RESEARCH-RELATED
JUSTIFICATION

The Framework proposals, which have
now been formulated into NGSS, are
based on solid research findings in the
learning of science. In 1999 the National
Research Council published a ground-

breaking report entitled How People

Learn (National Research Council,

1999).The report consolidated research

findings on learning in a variety of fields
of study. In research that compared
experts to novices, findings showed
that regardless of field, experts draw
from a very rich knowledge base to
ask questions, to notice patterns, and
to present reasonable arguments. An
existing command of concepts in an
intellectual framework shapes the way
new informationis understood. It stands
to reason, therefore, that in science
education schoolchildren should have
opportunities in school to successfully
work and learn to think like scientists.

In this respect a special report, How

People Learn: Bridging Research and

Practice (National Research Council,

1999) highlights three relevant research

findings relating to children, upon which

classroom practice can be based:

1) Students come to the classroom
with preconceptions about how the
world works. If their initial unders-
tanding is not engaged, they may
fail to grasp new concepts and infor-
mation that are taught, or they may
learn them for purposes of a test
but revert to their preconceptions
outside the classroom.

2) Todevelop competencein an area
of learning, students must have
both a deep foundation of factual
knowledge and a strong conceptual

framework.
3) Standing and progress in problem
solving. (pp. 10, 12-13).

Later, Taking Science to School: Lear-
ning and Teaching Science in Grades
K-8 (National Research Council, 2007)
examined and reported an enormous
amount of research studies and findings
from cognitive and developmental
psychology, science education, and
the history and philosophy of science
to synthesize what is known about how
children in grades K through 8 learn
the ideas and practice of science. The
study reported that “students learn
science by actively engaging in the
practices of science; arange of instruc-
tional approaches is necessary as part
of a full development of science profi-
ciency” (p. 3). Also, “children’s rich but
naive understandings of the natural
world can be built on to develop their
understandings of scientific concepts. At
the sametime, their understandings of
the world sometimes contradict scien-
tific explanations and pose obstacles to
learning science. It is thus critical that
children’s prior knowledge is taken into
account in designing instruction that
capitalizes on the leverage points and
adequately addresses potential areas
of misunderstanding.” (p.3) Equally
important, it has been demonstrated
that even young children “demons-
trate causal reasoning, and are able




to discriminate between reliable and
unreliable sources of knowledge”
(p.vii.), regardless of gender, race, or
socioeconomic circumstances. These
attributes, however, do not come up
spontaneously, they must be nurtured
with “carefully structured experiences,
instructional support from teachers,
and opportunities for sustained enga-
gement with the same set of ideas over
weeks, months, and even years.” (p. 3)

LEARNING EVOLVES OVER TIME
Findings from the research literature on
children’s learning and development
“can be used to map learning
progressions in science. That is, one
can describe the successively more
sophisticated ways of thinking about a
topic that can follow and build on one
another as children learn about and
investigate a topic over a broad span
of time (e.g., 6 to 8 years).” Extensive
supportive evidence hasbeengenerated
in studies of learning progression and
in of children’s intellectual and social
development. (Cite some studies here)
IV. Implications for assessment

The Framework and NGSS pose
challenges and opportunities for
both assessment for learning (“to help
students while they are learning,"Harlen
2013, p. 16) and assessment of learning
(“to find out what they have learned at
a particular time,"Harlen 2013, loc. cit).

ASSESSMENT CHALLENGES

In 1996 The National Science Education
Standards or NSES (National Research
Council, 1996) devoted a large section
to assessment standards. A major
feature of the Standards is alignment
of assessments with all the components
of the NSES vision of science education
and also alignment of different
kinds of assessments with their own
purposes. It also indicated that different
assessments should complement one
another. Subsequently, a three-year
study titled Knowing What Students
Know: The Science and Design of
Educational Assessment (National
Research Council, 2001) laid out
principles of a requisite assessment
system to meets the needs of the science
education envisaged in the NSES. It
recommended an assessment system
that is comprehensive (encompassing
a range of assessment practices that
provide a variety of evidence to support
decision-making, formative and
summative assessments, assessments
that move students towards attainment
of expectations including assessment
of quality of instruction); coherent
(models of learning underlying the
assessments and different assessments
used across the system are compatible);
continuous (ongoing and seamlessly
integrated with instruction); integrated
(“carefully designed to fit into a larger,
coherent educational system that

provides resources and professional
development to ensure that teachers
have the capacity todo what s expected
of them based on the standards in
place”); and be of high quality (“meets
relevant professional standards”)
(National Research Council, 2001). The
Framework recommends this system
approach to assessment processes.
Challenges posed by NGSS

NGSS is organized around science
learning progressions and highlight
performance expectations regarding all
dimensions described inthe Framework.
TheK-2 standard shown below llustrates
this complexity, especially as it seems
to demand not just assessment of
achievement but also a presumption
of adequate opportunity to learn.

All these desired characteristics
of assessment pose enormous
challenges to the assessment process.
There needs to be assessment tasks
that integrate all the dimensions,
indicating position of a learner “along
a sequence of progressively more
complex understandings of a given
core idea, and successively more
sophisticated applications of practices
and crosscutting conceptsTasks willalso
have to be developed to assess students’
abilities to make“connections between
the different strands of disciplinary
core ideas (e.g. using understandings

We founded the Pequerios Cientificos (Little Scientists) project in 2010. This is the Colombian inquiry-
based science education project (ECBI, acronym in Spanish) that seeks to renew experimental sciences
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teaching and learning through Colombian primary schools. How was this done? Through teacher

training and using a guided inquiry strategy.

My research question was: how do science learning outcomes of the students participating in ECBI
programs compare with those of students who are not participating in such programs?

Who did I study? | had three schools that followed the ECBI strategy and two that did not. The subject
| focused on was The Systems of the Human Body. | had 5th grade students, 365 of which participated
in a written test and 147 who did performance tests. For this comparison | selected several schools after
focusing on the results of their assessments in tests such as Enlace, which is used at the end of the school
year. | considered these results because | did not want my ECBI schools to have excellent outcomes and
my non-ECBI schools to perform poorly. | wanted both kinds of schools to be relatively similar for the
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about chemical interactions from
physical science to explain phenomena
in biological contexts)” (Wilson, 2013,
See also APPENDIX 2).

One of the most challenging assessment
issues of NGSSis assessment of children’s
“imperfect” but “productive” science
conceptions. Duncan & Revit (2013)
take a position that “it is important
to differentiate between scientifically

inaccurate ideas that are conceptually
unproductive and understandings
that are inaccurate, yet productive,
and that can foster learning of more
sophisticated understandings. The
former are simply wrong; the latter
can be seen as incomplete, overly
simplistic, or tied to only a few limited
contexts.” It might be useful in most
cases, though generally unattractive,
to value productivity as long as the
conception is not just plainly wrong.

ASSESSMENT OPPORTUNITIES
NGSS performance expectations are
endpoints of each grade level band
and suggest upper boundaries for
assessment. Teachers and curriculum
developers, therefore, have to develop
and implement science learning
activities and performances that build
to corresponding NGSS summative
assessment boundaries. Even though
both the Framework and NGSS are
not a curriculum, by blending three
dimensions of practices, core ideas,and
crosscutting concepts, they convey a
kind of vision of learning or pedagogy in
science classrooms (cf. Quinn, Keller, &
Moulding; Web Seminar on Framework,
July 2011; Quinn & Schweingruber,
2011). Itisforthis reason that | think they
offer best opportunity for development
of explicit, robust classroom- and
school-based and“classroom-blended”
practices of assessment for learning.




grow and become more soph

Assessment for learning (or formative
assessment) has been explainedin many
publications by Wynne Harlen, Page
Keely (2011), the National Research
Council (especially National Research
Council,2001), the National Association
of Science Teachers, just to mention
a few. Harlen’s latest writing on this
subjectisarecent report for the Science
Education Programme of the Global
Network of Science Academies (IAP),
entitled Assessment & Inquiry-based
Science Education: Issues in Policy and
Practice (Harlen, 2013). Her quotation
of Dylan William clarifies formative
assessment:

Practice in a classroom is formative to
the extent that evidence about student
achievementis elicited, interpreted and

2 instruction

thways students
tery of core

used by teachers, learners, or their peers,
to make decisions about the next steps
ininstruction that are likely to be better,
or better founded, than the decisions
they would have taken in the absence of
the evidence what was elicited. (William,
2009, p.9 quotedinHarlen, 2013, p. 17).
She describes elements of formative
assessment and gives illustrated
descriptions, strategies, and vignettes
of formative assessment in action.
She discusses its efficacy of efficacy in
the implementation of inquiry-based
science, teachers’'questions, feedback to
studentsandinto teaching, and student
self- and peer-assessment. Her model
of assessment for learning is an integral
part of agrades 3-5 Inquiry Projectled by
Sue Doubler of TERC in Massachusetts.

The project focuses on matter and is
builtaround the dimensionsand science
learning progressions of the Framework.
It is funded by the National Science
Foundation.

Embedded assessments are usually an
integral part of curriculum materials.
These assessments are varied and
can include “externally developed
replacement units (curriculum materials +
assessments); externally developed, item
banks of tasks; portfolios, collections of
work samples; tasks specified externally;
moderationtechniques (that) can be used
to enhance the comparability of these
assessments so they could support the
desired inferences/comparisons needed
foramonitoring purpose”(Wilson, 2013).

Over the years, a selected group of
K-12 schools in New York State have
dedicated themselvesto school-wide use
ofembedded performance assessments
such as collections of students’ and
teachers’ work samples and learning
records, ‘'moderation’ techniques,
and portfolios. They adopted these
assessments as additional to district
and state mandated monitoring and
accountability assessments.

TheFull Option Science System (popularly
known as FOSS) at the Lawrence Hall of
Science at Berkeley (California) has also
developed an impressive embedded

Students were given different materials, paper towels, and water. They had to determine a strategy to
tell us which paper towel absorbed the greatest amount of water. All of students had different tools and
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not all of them followed the same strategy. | was interested as much in the process as in the outcome,

and focused on process as well as strategic literacy.

fair tests.

strategic knowledge.

It is crucial to work on the reliability of evaluations. It took us a year and a half to develop the tests. If
we are to measure and make decisions regarding these measurements we must have reliable, solid and

Results: IBSE students always performed better than our control groups and this was true in all kinds
of knowledge: declarative knowledge; procedural knowledge, schematic knowledge in sciences and

assessment system. It adapted already
existing curriculum materials toinclude
the multi-dimensions of the Framework
in a classroom context.

It is possible and desirable to design
andimplementlarge-scale assessments
based on the Framework and NGSS.
DeBarger, Penuel, & Harris (2013) have
reported on a large-scale assessment
project as part of their middle school
Project-Based Inquiry Science. “PBIS
units align well to the core ideas in the
Framework and student learning of
contentintegrated with science practices”
(p.4).Their assessment tasks focused on
modeling and assessed students on
“ability to construct a model and use
the model to explain a phenomenon;
ability to construct a model and use
the model to make a prediction about
a phenomenon; and ability to evaluate
the quality of the model for explaining a
phenomenon.”Description of their work
is at http://www.k12center.org/rsc/pdf/
s2_debarger.pdf

At the national level, two major events
designed to tackle the challenges posed
by NGSS took place in 2013. During
September 24-25, the Center for K-12
Assessment&Performance Management
atThe Educational Testing Services held
an Invitational Research Symposium
on Science Assessment in Washington,
DC.The symposium explored “the skills

and competencies called for in Next
Generation Science Standards (NGSS)
and the measurement challenges and
opportunities they pose. Commissioned
papers were presented on the design
of both summative tasks and formative
systems that adhere to the vision of
instruction underlying the NGSS.
In addition, the policy and practice
work ahead, including the difficult
trade-offs to be made in the designs
of comprehensive science assessment
systems, were discussed.” Most of the
presentations are available on line at
http://www.k12center.org

The second development is an NRC
study committee co-chaired by James
W. Pellagrino (University of lllinois at
Chicago) and Mark R.Wilson (University
of California, Berkeley) thatis completing
its work on Developing Assessment
of Science Proficiency in K-12. Wilson
(2013) reported on the roles of three
components of an assessment system
that are being considered, namely: (a)
some classroom-based assessments
designed to support classroom activities/
instruction; (b) some assessments
designed to monitor science learning;
(c) some process indicators to track
opportunity to learn, exposure to
high quality teaching and appropriate
resources,and otherfactorsthatinfluence
outcomes for students.

CONCLUSION

The promise of the Framework and
of its related NGSS is high and so also
is the promise of some assessment
developments underway. But for
the promises to satisfy the desired
characteristics outlined in Knowing
What Students Know: The Science and
Design of Educational Assessment,
and in other existing and forthcoming
publications there has to be dramatic
shifts from the prevalent culture of
teaching and learning science at the
classroom level in the United States
and from the culture of over-testing,
to an educational culture that can be
accurately described as inquiry-based
andrichinauthentic scientific practices
anddiscourse. There will also need to be:
"more connection and communication
between teachers and assessment
designers in different science areas;
more coherent development of ideas
over time -- not disconnected lessons;
multiple experiences with each practice;
more discourse-rich classrooms; more
opportunities for classroom-based
assessments that develop student
knowledge and understanding and
capacities to use what they know.
(Quinn & Schweingruber, 2012)*

* Document for the Presentation
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APPENDIX 1

Three Dimensions of the Framework
(Source: National Research Council, 2012, p3)

Scientific and Engineering Practices

1. Asking questions (for science) and defining problems
(for engineering

2. Developing and using models

3. Planning and carrying out investigations

4. Analyzing and interpreting data

5. Using mathematics and information and computet
technology

6. Developing explanations (for science) and designing
solutions (for engineering)

7.Engaging in argument

8. Obtaining, evaluating, and communicating
information

Crosscutting Concepts

1. Patterns

2. Cause and effect

3. Scale, proportion and quantity
4. Systems and system models

5. Energy and matter

6. Structure and function

7. Stability and change

Disciplinary Core Ideas

Physical Science

¢ PS1 Matter and its interactions

¢ PS2 Motion and Stability: forces and interactions

¢ PS3 Energy

* PS4 Waves and their application in technologies for
information transfer

Disciplinary Core Ideas

Life science

¢ S1From Molecules to Organisms: Structures and Processes
¢ LS2 Ecosystems Interactions, Energy, and Dynamics

e LS3 Heredity:Inheritance and Variation of Traits

¢ LS4 Biological Evolution: Unity and Diversity

Disciplinary Core Ideas

Earth and Space Science

e ESS1 Earth Place in the Universe
e ESS2 Earth Systems

e ESS3 Earth and Human Activity

Disciplinary Core Ideas

Engineering and Technology

e ETS1 Engineering Design

e ETS2 Links Among Engineering, Technology, Science,
and Society

APPENDIX 2

Challenges for Assessment
(Source: Mark Wilson, ETS Symposium September, 2013)

- Scoring the tasks
- Developingrich assessment tasks that evaluate theintended - Developing informative, useful reports of test results
practices and content and crosscutting concepts - Implementing “moderation” strategies in the U.S.
- Having the platforms and resources to administer these - Making use of information from classroom assessments
kinds of tasks for accountability purposes
- Scaling the tasks in the presence of multidimensionality - Making use of process indicators
and linkage across dimensions - Assembling the components into a coherent system




Project on the progress and
assessment of the results in the

State of Mexico

The purpose of this presentation is to share the experience acquired in the development of the
project for the assessment and follow up of the Program to Promote the Inquiry and Experience
Based Science Education Systems in the State of Mexico, known as SEVIC in our entity and in

some of the results achieved.

t is not easy to speak highly of the

resultsachieved in the most populated
statein the country, but considering that
the purpose of the SEVIC programin the
State of Mexico is to contribute to the
scientific education of boys and girls, it
is of utmostimportance to highlight the
information that helps us assert that the
Program is moving forward although
its coverage is somewhat limited.

Information is obtained through the
assessment, follow up a continuous
monitoring process of all actions
undertaken. This process was
designed for the very beginning to
obtain information about the progress
degree in the accomplishment of the
established objectives and goals.

In order to contextualize the actions
carried out, population and enroliment
references of elementary educationin
the State of Mexico and its educational

policy are provided.The assessmentand
follow up processes are highlighted,
describing their stages, the amount
of information for documenting the
experience of all players and the
challenges we face to assess the
outcomes and to strengthen the
Program.

ABIDING BY THE STATE
EDUCATIONAL POLICY
According to the numbers in the
2010 Population and Housing Census,
the State of Mexico has 15'175,862
inhabitants, from which 4°353,914 are
boys and girls from 0 to 14 years old,
that s, 29.05% of the total population.
The State Educational System provides
elementary education to 3396,157
students, from which 580,341are in
the pre-school level, 1'961,234 in
elementary school and 854,582 in
secondary school.
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In view of these numbers the State
of Mexico faces each school cycle the
challenge of improving the education
provided to its population and in the
Plans for Development of the State of
Mexico there is full awareness of the
need for students to improve in such
subjects as Spanish, Mathematics and
Science (PDEM, 2005-2011). Allin view
of the problems posed by the high
number of people that live in the State
of Mexico and their lack to reflect upon
their actions and communicate their
decisions based on scientificknowledge
and evidence (PDEM, 2011-2017).

This situation demands the inclusionin
every Planfor Development of programs
and goals to improve education in
the above mentioned subjects. In the
current administration of Governor
Eruviel Avila Villegas the importance

of strengthening the programs that
contribute to the improvement
of competencies such as reading,
mathematics and science has been
recognized in orderto understand and
solve the problems posed by living in
a society (PDEM, 2011-2017).

Within this context and as of 2009 SEVIC
was implemented in public elementary
schools in the State of Mexico and the
Agreement entered into by the Ministry
of Public Education, the non-profit asso-
ciation called Innovation in Science
Education (Innovacion en la ensefianza
delaciencia) and the State Government
was reasserted and thus continue with
the effort of these three institutions to
achieve the goal established for SEVIC
in our state:

Contribute to the scientificeducation of
boys and girls and to the improvement
of their ability to learn, work in teams
and actively and intelligently participate
in the analysis and solution of problems.

OPERATIONAL STRUCTURE

The SEVIC program is related to the
state educational policy and as every
governmental program is based on
legal guidelines. Itis also related to the
administration’s structure taking care
at the same time of the requirements
and features of the SEVIC proposal,
bothinits pedagogical and operational
aspects. With respect to operation a
Trust was created for the manage-
ment of its resources, also a Technical
Committee for decision making with
the participation of various administra-
tive departments (management, plan-
ning, rules and regulations, science and
technology, comptroller’s office), the
educational subsystems and INNOVEC.

The operational structure, with the
participation of various departments
involved, helps respond very precisely
tothe needs and regulatory guidelines
and thus transparency, relevance and
viability of all actions are guaranteed.
With respect to the growth of the
Program there are two departments

called State Coordination and Opera-
tional Coordination that report to the
Office of the Assistant Secretary of
Elementary and Normal Education of
the Secretariat of Education in the State.

QUANTITATIVE GROWTH

The support of the state educational
policy and the fact of being anchored to
theinstitutional administrative structure
both help in the planning of financial
and human resources requirements,
facilities for the organization and
advance of all actions, attachment to
the institutional objectives and goals
as well as the assessment of progress
made and the achievement of all plans
contemplated.The preceding has
helpedin the operation and the gradual
growth of the Program as evidenced by
the numbers shown in its four years of
operation.

SEVIC started in the 2009-2010 school
cycle with 44 elementary schools, 705
teachersand 25,855 students.Inthe 2012-
2013 school cycle work was carried out
in 161 schools, with 2,568 teachers and
90,322 students who worked in sixTheme
Units (Climate, Soils, Chemical Tests,
Electrical Circuits and Ecosystems), that
is, in four years the attention to students
increased about 248.34% and the number

"The support of the
state educational
policy and the fact
of being anchored
to the institutional
administrative structure
both help in the
planning of financial
and human resources
requirements, facilities
for the organization and
advance of all actions”

of participating schools increased 266%.

ASSESSMENT AND FOLLOW UP
PROJECT

As a Program attached to the admi-
nistrative structure, its progress in the
achievement of goals is measured
through the pertaining administrative
units in the institutional structure. In
addition the Program has an assessment
and follow up project designed wheniit
started operating with the purpose of:
Identify progress made in the achieve-
ment of the purpose and goals esta-
blished for the Program, through a
follow up process and the permanent
monitoring of all actions taken during
the aplication of the program and the
other indicators that show the impro-
vement of competencies of students
who participate in SEVIC in our entity.

This assessment and follow up
project is mainly focused on learning
and considers both evaluation and
assessment of the project. These
processes have the support of the
Operational Coordination staff who visit
schools with the purpose of seeing how
activities are carried out, identifying
problems and supporting teachers in
relation to the units' contents.

The process evaluates the way the
Program is implemented, obtaining
information about what we call related
factors such as the organization of
school dynamics and the participation
of the various players involved (school
authorities, teachers, students, parents
and another school staff) in carrying
out the activities.

Also, evidence with respect to
pedagogical activities that take place
within the classroom are collected. We
expect to have sufficient information
to assess achievements with respect
to science education.

What do we understand for assessment
and follow up? Assessment is the
continuous process of adjusting all
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actions in the Program to verify that
what is being done has some favorable
bearing on the achievement of the
objective or the timely identification
of obstructions in order to strengthen
or reorient all actions in the search
for the achievement of the proposed
objectives.

EXPANSION OF THE ASSESSMENT
PROCESS

Since thisis a continuous process, there
aresomedevelopmentandachievement
stages in the short, medium and long

COMMENTS

REFEREMTES DE LA POUTICA EDLMCATIVA
EM EL ESTADO DE MEXICO

term, with specific purposes according
to the stage and the achievement of
the success in question.

The first stage (short term) is the
recognition of the initial situation
when the Program was implemented.
The second (medium term, four to five
years) is where we are right now and
consistsin obtaining information about
the implementation of the Program
in schools and classrooms. The third
stage (long term, five to six years, when
the first generation of SEVIC students

graduate from the elementary schools
where the Program started) will consist
in the assessment of the impact, that
is, to assess the degree of progress in
the students’ scientific competencies.

Based on the opinion of 563 teachers
of the 705 that started the Program
(same opinions that were obtained by
answering a questionnaire) and with
references to specialized bibliography,
the outlook of the work on science
matters in the schools was as follows:
lack of educational material, very modest
command of scientific knowledge, no
interest in scientific topics and the
perception of the slight possibility of
using scientific knowledge.

On the other hand, the results of the
National Assessment of Achievement
in School Centers (known as ENLACE in
Spanish) in the year 2008 indicated that
the highest percentage of elementary
school students was in the basic
achievement level, that is, they had
minimum knowledge on the subject.

With respect to the professional profile
of the teachers with whom this Program
started, we can say that 88% have a
degree in Elementary Education, 11%
have attended Graduate School and
1% is specialized in Science. They
are teachers at fully organized urban
schools with three groups per school

Because of its fun and experimental structure, the SEVIC program makes students find school attractive.
| believe that the program should also be expanded to high school where we have a serious desertion
problem. According to some of our analyses, one of the main causes for school desertion is economic and
the other is that students do not find school appealing. We therefore need to produce a new profile for
teachers and, of course, new approaches to teaching science that appeal to youngsters.

year and an average of 35 students
in each group. This situation changes
considerably when we face the growth
that we have experienced.

The second stage consists of a process
through which we watch and document
the application of SEVICin participating
schools, using resources and tools for
collecting information that implies
obtaining data, information and
evidence on the work of the Theme
Units in schools and in the classroom.

About 20% of participating schools
are helped each school cycle using
information collection tools as a guide
for watching what happensin schools,
classrooms and school products, and
questionnaires are also applied to school
authorities, teachers and students.

INFORMATION ARCHIVES

All this process has helped us collect
information with which we have
created three types of archives: 1)
documentary, 2) photographicand
3) videotapes.

1. Documentary archives

a) Documentary archives consist of
reports drawn up for each school
cycle.To this moment we have five.
A quantitative report describing
the activities carried out and the
goals reached is submitted in each
document and also a qualitative

report of strengths and weaknesses
and a section for suggestions and
ideas to reorient what needs to
be reoriented, everything with
references to organizational and
pedagogical aspects.

Other information that is part of
the documentary archives is the
information provided by ENLACE for
2008and 2012 whentheassessment
included the Science subject. This
information helped us identify that
in 2008 only 17% of the 44 schools
that started with SEVIC were above
the State average. However,in 2012
the percentage of these schools
reached 50%, that is, there was an
increase of 11 percentage pointsin
the number of schools above the
State average.

The information provided by
ENLACE helped us in the follow
up of the performance of schools
with respect to results and there
was a favorable variation in the
average point between 2008 and
2012 aswell as positive and negative
differences. Schools thatimproved
with respect to the first assessment
were identified and also those that
showed a decrease with respect to
grades.

Even though it cannot be stated
that these schools achieved those
results due to SEVIC, as there is
a large amount of elements that




“ENLACE helped us in
the follow up of the
behavior of schools with
respect to results. (...)
Schools that improved
with respect to the
first assessment were
identified.(...)
it is Important to
recognize that the
Program (SEVIC) is part
of the elements in the
school context that
allowed such favorable
variation.”

d)

influence such results, it isimportant
to recognize that the Program is
part of the elements in the school
context that allowed such favorable
variation.

Inthe documentary archives we also
have other very valuable material
and that is the direct testimony of
major players: boys and girls who
participated in the Program.

This material was obtained from
the questionnaires answered by the
students in their own handwriting.
In such questionnaires we found
expressions that say much about
the interest and enjoyment SEVIC
is leaving in boys and girls in
comparison with the slight interest
shown in Science topics when we
started the Program.
Photographic Archives

This archive is an evidence of the
work carried out in schools, of the
teachers and of boys and girls, of
the image left as a testimony of
what has been done, of the ways
for organizing the classroom, of
work styles, of students” skills and
of the many elements that may be
identified by an observer interested
in the image as a work footprint.
Images of children and teachers
working with the materials
provided, are a rich source of
analysis. For that reason the
integration of this archive has

been promoted as a source of
information for assessment.

3. Videotape Archives
In the same manner as the
Photographic Archives, these
videotapes are a source of valuable
information and testimonies that
can be analyzed in order to assess
through oral expression and the
moving image, the management of
concepts by teachers and students,
the increase of skills, attitudes and
interest.
This material has a great advantage:
it can be repeatedly used in various
moments and forums.

Thearchives created up to thismoment
are a major source of information that
serve as reference to prepare the
third stage of the process which is the
assessment of the impact of results,
thatis, on the increase of competencies
and skills that contribute to scientific
education of students that participate
in SEVIC.

For that reason it is necessary to carry
out an analysis and an assessment of
the achievements with respect to signi-
ficant life experiences and the increase
of competencies, considering elements
such as understanding and managing
information, participation in the educa-
tional processes, skills for searching
and using information, to question and

Canada as many countries is making changes in its educational system. These reforms are long-term changes.
According to the new frameworks the competencies to be implemented are problem solving, critical
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thinking and communication. | am very concerned about how the classroom teachers will handle
the complexity of these frameworks. In addition these goals for innovation result in a considerable

complexity in terms of assessment.

Particularly the Primary teachers | think of those that | worked with. They don”t have a background
in science; they have to work very hard with understanding science concepts moving away from the

delivery of facts to developing ideas with children that will eventually progress in science concepts.
Then there is the diversity of purposes for assessment. Why is assessment carried out?

There are also crosscutting concepts that are common to all science disciplines.
Primary teachers are not science specialists. They teach language, maths, art, history, etc. They teach all

subjects. How are they going to cope with these many dimensions of assessment and particularly when

they are inserted in IBSE.

reach conclusions as well as the expres-
sion of collaboration attitudes and the
sensitivity whenfacing problems related
to scientific knowledge and daily life.

Another challenge that we are already
facing is the growth towards preschool
and secondary education levels, because
ourintention s to strengthen scientific
education through elementary school.

This stage is the major challenge for
the Program assessment. However,
we are convinced that we have the
inputs as well as the human and material
resources to face this task and with that
we are sure that we will be able to speak
in the medium term of results in the
education and development of scien-
tific competencies because we already
have evidence of those achievements
that surely will have an impact on the
academic education of students.

The Government of the State of Mexico,
abiding by the guidelinesin the Educa-
tional Reform already enacted and
initiated by the President of Mexico, Mr.,
Enrique Pena Nieto, uses these Programs
to reach the Minimum Normality that
contemplates the current project of a
Nation. Thank you very much.*

=

"Another challenge that we are already facing is the
growth towards preschool and secondary education
levels, because our intention is to strengthen
scientific education through elementary school.”

* Document for the Presentation
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After analyzing the data from various research studies, it can be stated that I S < l I S S I O I l
teaching science with an inquiry-based approach makes a positive contribution
to students learning and developing skills. In this regard, formative assessment
has proven to be fundamental to identify learning outcomes and reinforce what
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Nevertheless, in order to effectively incorporate assessments that

contribute to education, we must shift from this culture of excessive evaluation B AS E D SC I E N C E E D u C ATI O N I_ E A R N I N G

aiming to measure results towards a culture in which students are considered

individuals capable of actively participating in the development of their ASS E SS M E N T
learning abilities and skills.

Speakers:
* Armando Loera Varela
* Lee Yee Cheong

A\

e A

Panelists:
«Ubaldo Avila Avila

Moderator:
eArturo M. Fernandez Pérez




The gap in science teaching:
comparison of the teaching

of sciences and mathematics
between three Latinamerican
countries and participants from

the TIMSS 1999 study

The following presentation shows the results of a study made by Heuristica Educativa, at

the request of the Inter-American Development Bank (IDB). The purpose of the study was

to understand what teachers do once they close their classroom doors and review the most
effective learning practices in different Latin American countries. We analyzed variables such as:
duration of lessons, time devoted to group discussion, the level of experience-based pedagogy in
experiments and procedures,among others.

The study determined that encouraging reflection, analysis and debate, while devoting an equal
share of time to orthodox literacy and procedures brings about better outcomes in student

learning..

ood morning teachers. Thank you

for focusing so much on the lear-
ning needs of children. For about 30
years now we have been carrying out
studies at schools,and in the classrooms
of several countries, basically Mexico.
We have realized that although we
still need more data, there is a certain
difference between genders in their
pedagogical practices. Female teachers
are more watchful of the learning needs
of their students than male teachers.
Thank you very much for that.

Male teachers thank you very much
because those same studies indicate
that you are more concerned about
concluding programs at any cost, even
if your students do not fully understand
them, becauseitisalso very relevant to
move forward at a good pace and in a
timely manner.Thank you national and
international guests for talking with us
about the status of the learning and
teaching of a subject as relevant as
science.
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THE QUESTIONS

The Inter-American Development Bank
(IDB) became aware of the various
studies we'd done on what male and
female teachers doin their classrooms
by recording their work on video, and
requested we conduct a qualitative
study in several sites of interest with a
representative population sample. The
question from the Education Division
of the IDB in Washington— specifi-
cally from the area of the teaching of
mathematic sciences was, “What do
teachers do once they close their clas-

sroom door?"This was because reforms
come and go, curricula change, study
programs change and texts change,
but we really don’t know what goes
on inside classrooms.

The little knowledge we have about
what happens is highly biased by self-
reporting, (whenyou ask teachers,”"How
do you teach this?”) or is very biased
due to other factors. Videos are not
the perfect way to observe reality as
they carry their own biases, but they
do complement information that is
otherwise forgotten.

InWashington the question was divided
into two: How different is what a
Mexican teacher does relative to what
teachers do in other Latin American
countries? And, how different is what
our Mexican and other Latin American
teachers do from what is done by the
teachers from developed countries
that participated in the very famous
TIMMS Video Study? TIMMS Video (Third
International Mathematics and Science
Study), was a video-based study that
in some of the participating countries
lead to the debate of the relevance of
touching upon pedagogical aspects.
In education and educational policy
we largely debate about how much
should be spent on education, how
much autonomy should be afforded to
schools,and how schools and teachers
should be assessed, but we devote very
little time to the hardest thing to change
in education and that is how to teach.
In other words, how are subjects that
society wants to be taught at school,
actually taught and learned.

I'm going to give you a number to visua-
lized the dimension of the challenge
ahead of us. The panel before this one
made a call to do things differently. Now
I'm going to show you where about
are we in regard to one of the most
important groups in our country.

Before we had the famous OECD PISA
evaluation, there was en equally famous

international test called TIMSS (Third
International Mathematics and Science
Study). This test was done in 1995. In
a group of 45 counties, Argentina and
Mexico were the only Latin American
participants. TIMSS involved tests and
surveys of associated factors, which
are traditional tools in these kinds of
international assessments. It was one
of the first instruments of its kind to
generate an international debate on
matters such as scaling and establis-
hing hierarchies for countries according
to how much their children learn. By
1999, the name of this study became
so famous they replaced the meaning
of the “T" in “Third”, to “Trends”. Now
the name is Trends in the Teaching of
Mathematics and Science.

These studies generate great
speculation. When the children of a
country (usually an Asian country)
exceed the scores of US children, the
question is why? If Asians score better
than Latin Americans, nobody asks
why. The usual remarks are, “Well of

course, they arerich, we are poor, there’s
not much we can do about it” The big
excuse. Then come a series of illogical,
inconsistent or weak statements about
why things are so.Typically, direct blame
(and politicians love to blame them) goes
to whom? To the teachers. Everyone is
to blame except the system, except
the people in charge of educational
policy, but the ones most to blame
are the teachers, the people standing
in front of the children trying to get
things to move forward. Somebody
concerned over in this issue once said,
Could it really be true that teachers
have something to do with this? Can we
specifically attribute to teachers work
these huge differences? These gaps in
studentlearning? What makes possible
to learn so much in one country and
so little in others? Can it be so simple?
What if we conduct a study to find
out what goes on inside classrooms?
Thus,in 1995 the first video-based study
got underway. It basically looked at
mathematics classes. It took 4 years to
complete the translations and analyze
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them, so some of the first results only
started to appear around 1999.

One of the most interesting books
to emerge from this study was, The
Teaching Gap. It was very focused
on proving why Japanese teachers
taught mathematics much better than
the teachers in the United States or
Germany, for example. This was highly
interesting because for the first time
in many years pedagogical aspects
took center stage in the debate, and
took us beyond economic and general
strategy. The debate now focused on
what happened inside classrooms.

Then people said,“Let’s create another
study with a much broader sample and
other criteria to follow this up much
closer” Once again, the United States
became involved. The US National
Statistics Centertogether with Japan has
been financing these studies that used
the same 1995 videos. New in this effort
were countries such as Australia, the
Czech Republic, Hong Kong, Holland,
and Switzerland.

Our mandate from the IDB was, what if
we replicated this study? What would
happenifwe applieditin Latin American
countries? For that purpose we asked
ourselvesif there was a Latin American
study that would help us accomplish

what the TIMSS Video did.

TIMSS Video was based on the sample
fromTIMSS.We needed a Latin American
study that we could take their sample
from, and that sample had to be random
and represent the countries that were
goingto participate. Fortunately we were
ableto use a study done by the regional
office of UNESCO for Latin American
and the Caribbean, headquartered in
Santiago, which performed a study
called Second Regional Comparative
and Explanatory Study (SERCE). The
study was done between 2005 and 2006
and focused on reading, mathematics
and sciencesin 3rd and 6th grade. TIMSS
Video centered on 2nd grade secondary,
while SERCE, looked at 3rd and 6th
grades of elementary school.

THE SAMPLE

The school sample used by SERCE is
exactly the same one we used. What
did SERCE show? First of all, that Cubans
do extremely well in mathematics and
sciences, much more so than other
Latin-American countries. As measured
by PERCE and SERCE (respectively the
first and second Latin American studies
by UNESCO), Cuba very well exceeds
one and a half standard deviations.
And this is more than anybody can
explain. Obviously we researchers
would have loved to go to Cuba, look
inside the classrooms and understand
what goes on in them. The problem

What we’ve learned about how to improve education systems after analyzing international experiences
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is that we must trust in teachers or fail. This is a universal lesson: the key lies in teachers’actions.

It is relevant to recognize the state of affairs just as they seem to be. It would be biased to present an

in-depth description of the status of science teaching in Nuevo Ledn as representative of what goes on

in Mexico. Nuevo Ledn always ranks high in academic performance regardless of the assessment used:
ENLACE, INEE tests, or even the tests that used to be provided by the General Evaluation Office. We

know well that Mexican children will do well or poorly in tests according to the social-economic status
of their families and not necessarily according to what happens at school or in the classroom.

What happens in the classroom accounts for more or less 10 % of variance in academic achievement.
What happens at school, depending on the study you want to consider, accounts for 15 to 22%, but

is that the researchers who wanted to
go to Cuba to visit classrooms had IDB
money, and as you know that posed
geopolitical limitations. Even though
one of the main Cuban participants in
SERCE gave his support, we were unable
to visit classroomsin Cuba.Who ranked
second in sciences and mathematicsin
this study? Uruguay and Nuevo Ledn
who tied. When SERCE was conducted,
Doctor Reyes Tamez asked UNESCO to
run a specific study for Nuevo Ledn, and
that was very fortunate indeed. Nuevo
Leon participated in mathematics and
sciences, whereas Mexico as a country
only participated in math, not science.

Colombia scored the average for the
region.We were very much interested in
Colombia, but all of this was happening
in 2010, ayear of presidential elections
in the country and therefore nobody
from the Colombian Education
Ministry wanted to head the effort.
As so often happens with these kinds
of international studies we had to go
wherever we were able to, to countries
where we were able to negotiate entry.
We were able to go to Dominican
Republic, which came out last in the
Latin American SERCE, and to Paraguay,
which is nowhere near Colombia in
terms of education, but nonetheless
gained an interesting position. Still
pending, however, is the need to visit
Cubato understand what happens there.

This study was not based on
examinations, or on teacher reports,
but fundamentally on lessons recorded
on videotape.

"Can we specifically
attribute to the work of
the teachers these huge
differences? These gaps

in student learnings?
What makes possible to
learn so much in one
country and so little
in others? Can it be so
simple? "

We focused on 6th grade elementary
schoolin Paraguay, Dominican Republic
and Nuevo Leon. Fieldwork in all three
sitestook place between Septemberand
November 2010.The sample, as | have
mentioned, was based upon SERCE. It
had been 5 years since SERCE when we
did the study, so not all the schools that
had participated were still operating,
except for the schools in Dominican
Republic. In that case we found 100%
of the schools that participated in the
SERCE study; in Paraguay we found

84%, and in Nuevo Ledn, 73%. Despite
all of this we were able to obtain a
sample size comparable to the one in
the TIMSS study.

The 1995 TIMSS Video study has a
general sample of 231 math and science
lessons. The 1999 TIMSS Video study
included 638.The size of the sample per
country for TIMSS Video was set at 100.
Switzerland’s sample was 140 because
of its linguistic and cultural, diversity.
100 lessons, however was the ideal
size. We had 101 lessons from Nuevo
Ledn, 100 from Paraguay, and 96 from
Dominican Republic. For a qualitative
study the size of the sample was pretty
important. For sciences, we collected
234 hoursof teachinginall, fromall three
sites. Based upon the analysis made by
TIMMS Video, our study focused on 57
dimensions of teaching and we made
137 comparisons in sciences.

We used different analysis strategy
software. People from the National
Pedagogy University (UPN) of Nuevo
Ledn, participated in recording the
lessons. We installed two cameras.
One focused on the teachers and the
other on the students. We reflected
on what happened in the classroom
together with the teachers,and used a
questionnaire with principals, teachers
and so on. Also participating in the
analyses of this information were people




from the National Pedagogy University,
doctorsin sciences from the University
of Sonora, and from the University
of Puebla in physics, chemistry and
biology.

VARIABLES AND RESULTS

Let’'s move on to results. For this
presentation we'll share what specialized
international literature considers some
of the critical dimensions of teaching; i.e.
what really matters for good teaching.
Obviously there is a conceptual bias in
this way of looking at things, because it
assumes that thereis akind of good and
universal pedagogy. | will try to avoid
speaking about good or bad teaching,
and simply say, “that’s how it was
measured in our countries and these
are the results”. During our discussions
later we can determine whether or
not this has pedagogical significance
or not. | also think that by comparing
specific variables it is possible to gain
a lot of insight as to what could be
happening, but at the cost of a more
holistic view of what can be happening
in the classroom. For that reason, we
also analyzed flow pedagogy that | will
explain on another occasion, as | will
not delve into it today.

There is a variable that is typically
considered to be very relevant: the
duration of the lesson. In its lessons

Nuevo Ledn showed us that the Mexican
teachersin this sample teach more time
on average that the onesin Dominican
Republic.Theformeraverage 50 minutes
teaching, while Dominicans average 39
minutes. On the other hand, those 50
minutes are less than the duration of
lessons in the United States but similar
tothetimelessonslastin other countries
that participated in TIMSS Videos.

But mostimportantis how timeis used,
how muchis actually effective time.In
Nuevo Ledn effective time is the same
asin Dominican Republic, butless than
in all other countries that participated
in TIMSS.

The predominant way of teaching
sciences in TIMSS is group discussion,
and then the students work at their
tables individually or in teams. The
teacher presents the topic and then
has the youngsters work in teams. In
Nuevo Ledn this manner of teaching
was used for the smallest percentage
of time, lower than in any other TIMSS
participating country, even below
Paraguay, but greater however, than
in Dominican Republic. TIMSS people
usually say,“pay attention to what Japan
does”because at one point Japan had
the highest learning outcomes in the
TIMSS. Japan, however, did not score
high in this particular dimension.

The Czech Republic had the highest
frequency in this manner of teaching.

What is taught in science classes?
In Nuevo Ledn, just as in Dominican
Republic and Paraguay life sciences,
such as biology, predominate. There
is little teaching on physics, chemistry
or earth sciences. Paraguay was the
exception because it showed a little
more balance. In United States, Holland,
Japan, Czech Republic, and Australia
there is much more balance in the
subjects taught.

What is being taught as something
scientific? A major part of this has
been discussed here. The people who
worked on TIMSS Videos referred to
facts as canonic knowledge. We would
probably name them memorization
data. As you can see, in Nuevo Leén
most of the lesson is devoted to
memorization data, contrary to the
countries in TIMSS. Perhaps only the
Czech Republic also showed a high
rate of time for memorization data.
Nevertheless, Dominican Republic
has the highest rate of memorization.
Remember that Dominican Republic
ranks last in SERCE.

How much pedagogy is based on
experience, experiments, and
procedures? In Nuevo Ledn barely

and the vast majority of the children who attend a Mexican public school are subject to high levels
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University itself.

of social marginalization. And so, Mexican pedagogy cannot afford to be based upon (the notions of)
theorists who do not consider poverty and cultural marginalization as a starting point, which is the
case of many pedagogical theorists in teachers’education and at the Mexican National Pedagogical

We need to criticize and analyze what we are learning about how to teach from the reality of our

public schools. Are we being taught to teach poor children effectively? | think not. And the irrefutable
proof of this lies in our highly replicable public school: the least poor learn more, while the poorest
learn the least. There is a great deal of evidence of this. We need to have enough pedagogical
imagination to completely redesign our pedagogy in a way that fits the reality of our classrooms.

3% with respect to the entire sample.
Even Dominican Republic scored higher
than Nuevo Ledn. Meanwhile Japan,
the champion at the time in science
teaching devoted 25% of lesson time
to a procedures-based pedagogy.

How relevant is what students are
taught in class to their daily lives?
Curiously enough, among TIMSS
participants, only 6% of the lessons
taught in Japan were relevant in this
manner, which was very low compared
to Holland where that figure was 17%.
Ourteachersin Nuevo Ledn scored 3%.

Are scientific laws or theories
announced in these contents? Yes,
more or less the same as in Japan.
Japanese do not mention scientific laws
or theories too often in their lessons,
whereas Paraguay does so more than
Japan.

Areproceduresorconceptsdiscussed?
TIMSS shows that procedures are
discussed much more than concepts.
The only exception is Holland, which
took one of the lowest positions in
TIMSS. In our group of countries,
the opposite is true. In Nuevo Ledn,
Dominican Republic and Paraguay,
discussions are not about procedures,
but about concepts, basically. Students
areinstructed to follow procedures, and
very little to explore questions. Just

as in Dominican Republic, in Nuevo
Ledn thereis very little opportunity to
learn sciences. In those countries that
participated in TIMMS, for every class
event students are asked questions,
their is interest awakened, and they
are asked to follow procedures in
order to do interesting things using
the scientific method: observations
and data interpretation.In every TIMSS
country this is predominant, whereas
in our countries the level of difficulty
of science teaching is very mediocre.

What is more often generated:
discussion or demonstration? We
observed thatin our countries, students
are asked to “try to guess what would
happen if...” even without much
insight, evidence nor coherence to
make predictions. This is why, in our
classrooms there is a higher rate of
these events, than in TIMSS countries.
In other words, there is a lot more
prediction although very little effective
data interpretation.




Studentinteraction withteachersand
classmates .This refers to whether there
is an appropriate emotional climate
when sciences are taught. Are they
made interesting? Is there motivation?
Cooperation? According to our results,
we are at about 3% in our lessons.

Homework. Japanese are not that
inclined to homework. They don't
care much for having people do things
at home. They prefer students to do
everything at school, so theirhomework
score islow.We have an average rate of
homework, around 46%. Homework is
not always good, unless it is reviewed
and used for feedback. Otherwise, it’s
not that useful.

Is there motivation to learn sciences?
Are enticing activities used to
generate enthusiasm? In Paraguay
a great part of their teacher training
has to do with motivation. The rate

il

was very high: 65% of the lessons have
this characteristic, very much above
the 21% seen in our classrooms and in
Dominican Republic, where the score
is barely 15%

Aretextbooksused? Mexicodoesstand
out from therest of Latin Americain this
regard. Textbooks are used in 92% of the
lessons, in contrast to 75% in Dominican
Republic, and 18% in Paraguay. The
manner in which textbooks guide not
only students but teachers on the ideal
sequence of activities and so on, is key
and critical. For this reason it is critical
to renovate, restructure and rethink
textbooks.

What would happen if there were
textbooks as interesting as A Short
History of Nearly Everything by Bill
Brayson? A review of astronomy,
physics, chemistry, biology, archeology
and almost everything everyone
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should know about sciences in a little
compendium attractively narrated,
that would provide teachers a basic
understanding of science. Our science
books, however, do not go too far in
terms of motivation.

There was something TIMSS did not do,
but we did. As science class analysts
it was important for us to review the
number of conceptual errors committed
inthoselessons. In Nuevo Ledn, teachers
made conceptual mistakes in 49.5% of
the lessons, some of them very serious.
Occasionally the personal opinion of
the teacher was expressed more often
than a science-based statement. In
Dominican Republicthere were errorsin
68.8% of the lessons, and in Paraguay in
82%. Students also made mistakes, but
a lot fewer than the teachers because
they participated less and therefore had
less chances of making mistakes, even
though we know that making mistakes
is pedagogically productive.

It should be pointed out that all of
the teachers that participated in our
study were very much committed to
the quality of their teaching. They let
us in. We weren't rejected even once
and the only gift we could give them
was the video we had recorded. The
teachers were very appreciative of the
videos because they were able to review
and reflect upon their own pedagogical
practices. | should mention that TIMSS
paid the teachers in their sample 500
dollars to let them participate. Our
teachers in Mexico, Paraguay and
Dominican Republic received no
paymentatall. They all let us into their
classrooms to record. They only thing
we clarified was that these materials
would remain anonymous and that we
would not release any data that could
hurtanybody because the investigation
was scientific in nature.

For Nuevo Ledén we were able to do
something that couldn’t be done in
Dominican Republic nor Paraguay:
associate one of the actions identified

asimportantin classroom activities with
the results of the ENLACE test in 2010.
ENLACE had been applied in various
subjects for 6th grade, and that year
in particular it was geography.

What kind of teaching measurements
had a positive link to the ENLACE results
in sciences?

Effective class time. Apparently less
time wasted, results in better student
outcomes in ENLACE.

Time devoted to discussion. Critici-
zing, reflecting, analyzing, debate-
everything we know about the essen-
tial nature of the scientific method is
very, very useful.

Time devoted to demonstrations.
Proving to children that science is
perfectly human, and not something
for weird people that use hugely
expensive things. Showing them
activities that can be done inside
the classroomin aninexpensive and
simple way with a lot of student parti-
cipation.

Equal time dedicated to memoriza-
tion and procedures or practices.
Since ENLACE also examines data,
we must not forget to teach dataand
not just methods. Science has also
produced results that make it neces-
sary to generate a conceptual change
in our students regarding what a
scientific vision of the world is vs.
common opinion and other cultural
sources of information students have
available to them.

Time devoted to assess students.

High level of difficult content.

Group discussion focusing on indi-
vidual deskwork.

Presentations of scientific laws or
theories.

All of the foregoing were associated
to positive results in the ENLACE tests.

| hope this sheds some light on what
may be of interest to you. The Revista
Latinoamericana de Estudios Educativos
just published a paper of mine on results
by kinds of schools; i.e. urban, rural,

public, private and so on. You can visit
http://cee.edu.mx/nuevaversion/

publications/r2011-2020/r_

texto/t_2013_2_02.pdf

This is our webpage: http://

heuristicaeducativa.net/

OnthelDBeducation page (http://www.
iadb.org/es/banco-interamericano-de-
desarrollo,2837.html) we have made
available 7 reports we have prepared
since last year with hundreds of pages
containing analyses, which | hope will
soon allow us to hold more informed
debates on the status of the teaching
of sciences.

Thank you.*

*Transcription.

SCIENCE LEARNING ASSESSMENT: TRENDS AND CHALLENGES



Educational policy and
inquiry-based science education
learning assessment

The Inter-Academic Panel (IAP) seeks UNESCO support for inquiry-based science education
(IBSE) as one of the drivers for education in the 21st century. This requires that the
representatives of member countries recognize the contributions of this teaching approach with
actions such as helping education policy makers in different countries understand the value of
the approach, and facilitate inquiry methods in science education in their school curricula and

programs.

This debate must also insist upon the importance of not neglecting, but rather recognizing,
strengthening and training an indispensable player in education: the teacher.

hank you very much for the very

kind introduction. I've never been
in education. | have been practicing
and engineering. And as IBSE is
concerned I'm basically a promote,
not a practitioner. Now, | will tell you
[about] my life engagement with IBSE,
then maybe you'llunderstand why I'm
here. Actually | am one of the founders
of the Academy of Sciences in Malaysia,
which was also established in 1995.We
joined the international community
of the national academy of sciences
of the world, under the umbrella of
the Inter-Academy Panel. | was in
charge of international relations in
our academy; so | had the very good
fortune of working very closely with
Dr. Bruce Albert and also Professor
Yves Quéré two of the outstanding
and committed proponents of IBSE. |
became one of the advisors.

In the early nineties from 1991 to 1993,
| was promoting La Main a la Pdte in
Malaysia and also in Southeast Asia,
but then in 1993 | was appointed by
the UN Secretary General Kofi Annan to
be part of the study team called United
Nations Millenium Project for the MDG,
UN Millenium Development Goals.

So during my first early part of my
engagement of IBSE, the object was
to interest school children in science
and mathematics so they will take up
science and technology engineering
careers in universities. At that time it
was already quite plain that the pipeline
for scientists and engineers is actually
narrowing. But after my engagement
with the MDG especially about poverty
eradication, you know, and how to
uplift the living standards of the very
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poor counties, | began to look at IBSE
in a wider dimension of the poor world:
the world of poverty and the world of
hunger, and the world of diseases. But
my experience in the United Nations
also enabled me to work within the
labyrinth of the very vast bureaucracy
of the United Nations agencies.

Then in 2008, | was fortunate to be
appointed by my government, the
government of Malaysia, to be the
chairman of the governing board of
this estate, the International Science
and Technology Innovation Center for
South-South Cooperation, now, under
the auspices of UNESCO. And this Center
actually is totally funded by Malaysia, as
Malaysia’s contribution as a donor for
promoting science and technology and
innovation in less developed countries
and poorer countries.

Now in this process, in the last five
years|wasin avery close engagement
with UNESCO. After | got to know the
UNESCO, the top hierarchy, from the
director general downward. In the IBSE
program of IAP, IAP has been trying
to interest UNESCO to adopt IBSE
as one of the main action plans for
UNESCO, especially under the UNESCO
decade for education, for sustainable
development, which started in 2005
and is going to end next year, 2014.
ButthelAP had never been able to get
UNESCO to adopt IBSE, as one of the
primary drivers of science education.

Now, the reason actually as far as
I'm concerned is very, very plain.
The IAP as the umbrella body of
scientific academies, they relate to
the directorate of natural sciences in
UNESCO.The IBSE to me, is not science,
it's education. Because IBSE is both
pedagogy and assessment, embedded
in national science policies,and national
curriculum. So this whole process is
actually education. Am I right?

And so the big resources in UNESCO
are in education. So we need actually
now if we want IBSE to be adopted
as one of the drivers of education
in the 21st century inside UNESCO,
we need to engage not the natural

sciences directorate, but the education
directorate. And that’s why when Pierre
Léna, of the IAP Scientific Education
Program, the chairman of the global
council asked me to take over, | said
“My only target is to get UNESCO to
adopt IBSE”And what | have been doing
is trying; first thing to convince the
director general of UNESCO that IBSE
is the way forward.

Then the second thing is to try to shift
the emphasis of IBSE from being under
the natural sciences directorate to the
education directorate. But this is not
easy to do, because each directorate,
they don't talk to one another; they
are in silos. Ok, so to shift something
that is within the competence of
one directorate to the other is very,
very difficult. Especially when the
assistant director general of the natural
sciences directorate and the assistant
director general of UNESCO education
directorate are two powerful ladies.

Sowhatldid nowistogotothe ground.
If you can get the national ambassadors
of the member countries of UNESCO to
support this evidence-based education,
or education by the scientific way, then
from the ground there willbe a clamor
to get the UNESCO to adopt this as a
driver. And of course, if the Director
General is already very convinced

and with the support of the member
countries, itis my hope that within the
next two years IBSE will be adopted as
amain driver of education by UNESCO
in the 21st century. So that is why I'm
here, to try to listen to you and to get
feedback.

Now, before | leave the podium, | just
want to say a few things about what
| have observed in listening to the
speakers and also in the questions and
answers yesterday and today.

[ think that when we talk about science
and engineering and technology, we
need to be very transparent. | heard
about the wonders of science and
technology yesterday and today. It
is all not wonderful. Why? Because
we never talk about the weapons of
mass destruction or the weapons of
destruction that have been actually
propelled by science and technology.

| remember two years ago my
granddaughter, she watched a video
of a village school in Pakistan being
attacked by a drone; a missile fired
from the air by the drone and two
schoolteachers and children were
killed. And she asked me “Why is this
that somebody from the US can press
a button and shoot a satellite to pass
a signal to the drone, the drone fires

A few moments ago there was a talk about what could differentiate to
some Asian countries in their teaching compared to other countries. The
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to find a teacher.

must say that we must start with humility as we can always learn from
the others.

most respected personality in Chinese history is Confucius, the great master
in China. | think that Confucius influenced half of Asian countries. What |
pick from Confucius is that among any company of three you are bound

4

(...) So I think for education for students, for teachers, for human beings, we '

Lee Yee
Cheong




missiles and kills children, and some
schoolteachers?”She asked me,“Is this
technology very good? And why the
newscaster says:‘This is only collateral
damage’?” To her it was just like killing.
But we have invented a system, a
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technology system that kills without
human intervention. And yet, it is not
called murder or killing, but the term
collateral damage.

Andyoulookaroundyou, hereinthe Gulf
of Mexico. There was a BP disaster, by

drilling down into the earth. Now there
are engineering, science and technology
thatallow you todrilldeeperand deeper
into the earth. Yet after BP paid 4-billion
or more in compensation and all this,
thedrilling is starting again. And we are

drilling and drilling for shale oil and gas.
Everywhere in Europe we are drilling for
shale oil and gas called fracking, and
then causing earth tremors.

Sol want to ask you, can Mother Earth
suffer all this drilling without reaction

and revulsion? And if Mother Earth
reacts violently, who are going to suffer?
So my message to science teachers and
those promoting science education is
please tell the bad side of science as
muchasyou tell the good side of science!
Because in this present dangerous
situation of climate change [in which
thereis] stillhungerand poverty in this
world, itis science and technology that
can provide a solution. But it is also
science and technology in the wrong
hands that can destroy our earth.

So please! The young people are not
easily fooled by us telling them that
engineering, science and technology are
wonderful. Let them, by the evidence-
based method, the scientific method
of inquiry; then they themselves can
decide whatisrightand whatis wrong,
and what is true and what is false.
Don't try to tell them the story that
everything is very wonderful by science
and technology.

Yesterday and today I've been seeing
videos of children, smiling. You know,
the school childrenin everyimage they
are smiling, excited and eyes brightened
by the wonders of science. But there are
children who die every year under five
years of age. And 60% of this is due to
malnutrition. Children in Sub-Saharan
Africa are 16 times more likely to die
before reaching the age of five than

In this very young 21st century, schools must continue to be the articulating arm of community
development. Schools are supported by what is experienced in the classroom, by a teacher’s
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commitment to stimulate his students. Teachers who promote scientific literacy in every one of these
classrooms are shaping individuals with critical attitudes capable of making proposals and who will

become analytical, reflexive men and women.

In the month of December 2009 in Zacatecas, we established our first agreement so that science could
become an experience in our classrooms. During the 2012-2013 school year, 57-thousand students
shared this experience thanks to the commitment of the teachers to articulate this strategy, and the
fact that 1250 of them are attentive to these kinds of education policies.

Follow-up and assessment are accomplished through tools that measure the efficacy and viability of
the program in different contexts. In my state, SEVIC is used as a modality in pre-school and primary

school, and in special education. We are implementing this modality in the Centros de Atention Miiltiple

those in developed countries.

Now how do the mothers and parents
feel about science education for their
children in primary school when they
don’t even have the chance to live to
enjoy primary school? And those who
survive, you know, these five year olds,
their life expectancy is really very low.
So, what | would like everybody to
think about is that for modern science
education, evidence-based education,
please think about those poor children
who never even have the chance to
go to school, and how do we trust the
priority to give them science education,
or the priority to let them have some
education? | think that you would all
agree with me that the priority is to just
let them have some education, right?

And before | finish, | just now think
somebody was mentioning about
Asia, because | was concentrating
on the translation. | think your
comment was that Asians compete
better in science and mathematics in
international competition. | can tell
you | know Singapore, it is a neighbor
of Malaysia. Why do they do well in
mathematics and science competitions,
by the students? Because in Singapore
graduates from university, the highest
paying job is primary school teacher.
It is higher than a graduate engineer,
higher than a graduate lawyer, higher
than a graduate doctor. And because

the primary schoolteacher is paid the
highest, one percentile of the top of the
graduates from universities apply for a
job as primary schoolteachers, not just
science schoolteachers, but primary
schoolteacher of any discipline. You
can imagine that under that school
system, looking after the primary
schoolteachers, they produce very
bright students.

So | think that the message from
science education should be, notabout
students, but about the teachers; that
we need to look after the teachers.

And | hope that this conference,
although it is an international
conference, it's actually a Mexican
organized conference, | would
humbly recommend that you send a
delegation of education administrators
to Singapore. You may not reach the
top that primary schoolteachers are
paid, better than any others, but at
least a trend, the trend of appreciating
the value of the teacher. And in this, |
don’tmean thatin Singapore they only
look after the primary schoolteachers.
They provide a careers development
paths to secondary schoolteachers to
be lecturers in the university and also
to be researchers. It is a whole system.

So, | hope that Mexico will send a
delegation to Singapore and learn from
Singapore. Thank you very much!*

*Transcription.
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Trends in inquiry-based science
education and its assessment

models.
Lessons Learned from Global
Science Education Initiatives

Intel Corporation is the world's largest semiconductor chip maker, developing advanced
integrated digital technology, primarily integrated circuits, for industries such as computing and

communications.

Because the Science, Technology, Engineering and Mathematics (STEM) skills are the skills we
seek every day as we hire the best and the brightest engineers and scientists to operate our
factories and conduct our research, we recognize the challenges facing global economies needing

a knowledgeable workforce.

At Intel Corporation, we know that a chronic shortage of STEM students threatens each countries
opportunity for innovation and economic development. We believe having a vibrant economy

sustained by quality education, a skilled workforce, and innovation is key. Through our education
initiatives and investments, Intel is helping communities build local capacity while preparing the

next generation of innovators.

INTEL'S EDUCATION STRATEGY

For more than four decades, Intel has
made education the primary focus of
our strategic philanthropic activity. We
invest more than $100 million annually
in programs that promote STEM educa-
tion, encourage women and girls to
seek careers in technology, foster and
celebrate innovation and entrepreneu-
rship among the best and brightest
young students in the world and help

teachers to incorporate best practices
in math, science and the effective use
of technology in their work.

We work in coalitions with other
high-tech companies to support
technology access, development
and implementation of K-12 teacher
professional development, mathematics
and science contentand curriculum, as
wellasassessments to supportinitiatives
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that develop 21st century skills, such
as critical thinking, collaboration and
creativity. These are skills students need
to be the innovators of tomorrow.

Science competitions are at the center
of the Intel education programs. Our
goal in sponsoring the competitions
is to identify and celebrate talented
young scientists. Through them, we
inspire younger students to follow in

their footsteps and communities to
invest in high quality science education.
The Intel International Science and
Engineering Fair, also a program of
Society for Science & the Public, is the
world's largest pre-college science fair
competition. Each year, approximately
7 million high school students around
the globe develop original research
projects and present their work at local
science fairs with the hope of winning,
with winners who progress to regional,
national, and ultimately the Intel’s ISEF
in the US.

To address the need for teacher
professional development that moves
beyond applications, Intel created a
program designed to train classroom
teachers to integrate technology into
theirlessonstopromote problemsolving,
critical thinking and collaboration skills
among their studentsinto their existing
curriculum. To date, the Intel Teach
Program, has trained over ten million
teachers in more than 70 countries
worldwide.

Inadditionto programandinfrastructure
investments, Intel has also invested
in exploratory research and rigorous
program evaluation to establish and
sustain continuous improvement
of these educational products and
activities. The research and evaluation
compiled for this purpose has not only
enabled the improvements of the
program development efforts, but now
also comprises a comprehensive body
of evidence that demonstrates program
impact (Price, Light, Michalchik, 2011).
As a result of these efforts, critical
evidence has emerged that may inform
other evaluation activities designed
to measure impact related to ICT in
educationinterms thatextend beyond
logistical measures and student
assessment.

ASSESSMENT FOR TEACHING
AND LEARNING

To meet the demand in providing
sufficient training for the teachers’
capacity to use new educational

. AGSESZI™=
ﬁ (D ITS AS®

_ ~ATION AN

DU

06 IN INQURTTEY

technologies to support student
learning, the Intel® Teach Program
was developed as a professional
development course that helps
teachers integrate technology into
their lessons and promoting students'
problem-solving, critical thinking, and
collaboration skills. With more than
10 million teachers trained in over 70
countries, Intel Teach is the largest,
most successful program of its kind.
These programs are designed to provide
teachers with the knowledge and skills
to develop 21st Century skills with their
students, encourage project based,
collaborative and personalized learning
and effectively integrate information
and communication technologies
as critical tools into the classroom.
Through a review of evaluation data
and reports collected from studies
of these successful professional
development courses delivered over
tenyears and across multiple countries,
the contextual factors regarding how
formative assessment strategies can be
effectively integrated into classrooms
is provided .

The synthesis of the research and
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evaluation following the Intel Teach
program and use of classroom
assessments suggests tools and
strategies share three important traits
thatin different degrees: 1) high quality
teacher-designed assessments provide
insight on what and how students are
learning in time for teachers to modify
or personalize instruction; 2) they allow
teachers to assess a broader range of
skills and abilities in addition to content
recall; and 3) these assessments give
students new roles in the assessment
process that can make assessment
itself a learning experience and deepen
studentengagementin content (Price,
Pierson, & Light, 2011).

1) Provide Insighton Student Learning
so Teachers Can Modify Instruction:
Because many of these assessment
tools and strategies are formative in
nature, the information garnered
from their implementation can
be used to immediately inform
teachers’ instructional decisions.
For example, information garnered
from portfolios can help teachers
evaluate the effectiveness of their

SCIENCE LEARNING ASSESSMENT: TRENDS AND CHALLENGES 93




own instruction while helping them
make informed decisions about
future lessons.The implementation
of portfolio assessments stimulates
student self-reflection providing
valuable feedback to both students
and teachers, which in turn can
be used to inform the teaching
and learning processes. When
employing the peer assessment
strateqgy, if students and teachers
assess a student differently it can
open up productive dialogue to
discuss studentlearning needs and
goal creation (J. Ross, 2006). The
teacher can then use that informa-
tion to structure the following lesson
around the needs and goals of those
students. Whether taking a pre and
post survey poll or asking multiple-
choice questions to reveal student’s
subtle misunderstandings and
misconceptions,aStudent Response
System (SRS) allows teachers to take
aquick snapshot of where his or her
teachers are on a learning conti-
nuum and devise the appropriate
strategies to take them to the next
level. As teachers become more

2)
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aware of their students’ interests,
needs, strengths and weaknesses,
they are better positioned to modify
their instructional strategies and
content focus to help maximize
student learning.

Assess Broader Range of Skills
and Abilities: Traditional forms of
assessment like multiple-choice, fill
inthe blank, and true/false, privilege
memorization and recall skills that
demand only a low level of cogni-
tive effort (Dikli, 2003; Shepard,
et al., 1995). The assessment tools
and strategies outlined in this
paper provide more robust means
to measure higher order thin-
king skills and complex problem
solving abilities (Palm, 2008). Stra-
tegies such as performance based
assessment (PBA) and portfolios,
take into account multiple measures
ofachievement,and rely on multiple
sources of evidence, moving beyond
the standardized examinations
most commonly used for school
accountability (Shepard, et al.,
1995; Wood, Darling-Hammond,
Neill, & Roschewski, 2007). Self-and

3)

peer-assessment both teach and
assess a broader range of life skills
like self-reflection, collaboration,
and communication. As a tool to
measure student learning, rubrics
allow teachers to measure multiple
dimensions of learning rather than
just content knowledge, and to
provide a more detailed assessment
of each student’s abilities instead of
just a number or percent correct.

Give Students New Roles in the
Assessment Process that Make
Assessment a Learning Experience:
In contrast to the traditional teacher-
designed, teacher-administered,
teacher-graded tests, this cadre
of assessments involves students
throughout the assessing process.
Involving students in the creation
of assessment criteria, the diag-
nosis of their strengths and weak-
nesses, and the monitoring of their
own learning, transfers the locus of
instruction from the teacher to his
or her students (Nunes, 2004). For
example, the most successful rubrics
involve students in the creation of
the evaluation criteria. This creates
buy-in, increases engagement, and
fosters adeeper commitmentto the
learning process. In the assembly of
a portfolio, students not only get to
decide which work is graded, they
have the opportunity reflect up
and evaluate the quality of those
submissions. This type of involve-
ment fosters meta-cognition, active
participation, and ultimately puts
students atthe center of thelearning
process (McMillan & Hearn, 2008).
During peer-assessment students
are asked to be the actual evaluator
offering feedback and suggestions
on how toimprove their classmates’
work. When created collaborati-
vely, many of these assessments
enable teachers and students to
interact in a way that blurs the
roles in the teaching and learning
process (Barootchi & Keshavarz,
2002). When students are part of
the assessment process they are

more likely to“take charge” of their
own learning process and products
and will be more likely to want to
make improvements on future work
(Sweet, 1993).

Our observations show that classroom
assessment strategies can work within
the contextual challenges of develo-
ping countries— large class size, short
lesson periods, and limited resources.
Based on our studies, we recommend
six classroom formative assessment
strategies thatare agood place to start:
(Price, Pierson, & Light, 2011).

« Rubrics,
« Performance-based assessments
(PBAs),

- Portfolios,

« Student self-assessment,

« Peer-assessment,

« Student response systems (SRS)

IMPROVING HANDS-ON INQUIRY
BASED LEARNING THROUGH
SCIENCE COMPETITIONS

Each year, approximately 7 million
high school students around the globe
develop original research projects and
present their work at local science
competitions with the hope of making
it to the Intel International Science and
Engineering Fair, a program of Society
for Science & the Public. The top projects
—1,600 winners of local, regional, state,
and national competitions—are invited
to participate in a week-long celebration
of science, technology, engineering,
and math. At the event, the young
innovators share ideas, showcase
cutting-edge research, and compete
for more than USD 4 million in awards
and scholarships. At Intel ISEF, awards
are based on students’abilities to tackle
challenging scientific questions, use
authentic research practices, and create
solutions for the problems of tomorrow
(Intel, 2013).

Intel’s three objectives related to the
Intel ISEF program are: to encourage
and reward excellence in student-based
research; to motivate students to pursue

science, math and engineering careers;
and to promote inquiry and project-
based science teaching and learningin
the schools. To understand the impact
of the competition, data was sought
to evaluate the achievement of these
goals, and to improve the program.

Online self-report surveys, focus groups
andinterview responses were obtained
from four distinct groups of important
participants in Intel ISEF: teachers,
students, regional fair directors, and
judges to explore the perspectives and
experiences of students, teachers, and
judges. Inclusion of the regional fair
directors provided information for
program improvement. The results of
the study suggest that all three goals are
being met, fora complete report on the
findings see:Intel International Science
and Engineering Fair 2005 Evaluation
Report, Rillero, Zambo & Haas, 2005.

Moving beyond the stated goals of Intel
ISEF, survey responses and interviews
of student finalists suggest that
participationin the science completions
at preliminary levels helped them
improve their science project, and
therefore inquiry based learning in
two ways. First, they were challenged
by questions and received suggestions
that enabled them to improve the
project by helping narrow the focus
and making them more concise, and
second they had the opportunity to
improve their presentation skillsand the
defense of their ideas. One important
factor found in the means of receiving
feedback may also be the result of the
student’s relationship with mentors,
both in-school and out-of-school. The
first relationship identified as “Very
Important/Important” being Parent/
Guardian influence (73%), Current
Teachers (66.9%),and (external) Mentors
(63.3%). These relationships were
found to be a more significant factor to
successful science fair completion than
access to outside laboratories (Rillero,
Zambo & Haas, 2005).

"Intel’s three objectives
related to the Intel
ISEF program are: to
encourage and reward
excellence in student-
based research; to
motivate students to
pursue science, math and
engineering careers; and
to promote inquiry and
project-based science
teaching and learning in
the schools.”
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Considering this study as a way to assess
inquiry based science education, the
study also explored if Intel ISEF had an

projects, data related challenges were
identified within the top problems
students encounter: statistical analysis

Tables 1 -4 provide the judges results (Rillero, Zambo & Haas, 2005).

Factor Mean (SD Very Important Very Important or Important
effect on teaching strategiesand assess  (35.8%), data analysis (15%), getting e i VL 5
student learning. About two-thirds of  accurate measurements (9.6%) (Rillero, Methodology 349 (61) 5389 93.8%
the teacher respondents agreed or Zambo & Haas, 2005).
strongly agreed that their involvement Quality of Data 343 (63) 49.7% 91.5%
with Intel ISEF had changed the way Lastly, perhaps the most impactful .
theyteachand 89.1%agreedorstrongly  assessment strategy applied in the Data Analysis 3.37(66) 45.7% 89.9%
agreeq .that. external compgtltlons had science compe’Fltlon |sthe.anefly5|s ofthe Hypothesis 317 (74) 2 e
a positive impact on their teaching. judgesperceptions. Imagineifall exams
At a school wide level, however, the were oral exams & the questioning Problem Selected 3.09 (.80) 331% 77.6%
effects are not as strong. When faced strategy allowed the examiner to dig
with the possibility of removing Intel  deeperintothelevel of understanding. Theoretical Framework 2.94(72) 20.8% 73.7%
ISEF but not the affiliated fairs, 47.5% This is the benefit of the judge. This

Literature Review 2.73(77) 15.2% 60.2%

agreed or strongly agreed that it
would affect science or mathematics
programs at their school. When asked
if all science fairs were gone, 63%
agreed or strongly agreed that it would

level of exploration provides true insight
into the depth of inquiry exhibited by
the student and illustrates the most
successful science fair projects are those
in which the participants demonstrate

Table 1. Seven of the 16 factors corresponded to aspects of the scientific method and the quality of the data collected.

Factor Mean (SD) Very Important Very Important or Important
change theirschool’s programs. When  critical thinking skills; this is what makes
survey data was compared to teacher scientistsand engineers unique. For the Findings expanded scientific knowledge 3.03(83) 32.0% 73.1%
interview responses, theimpact of Intel  purpose of this study, a set of 16 factors
ISEF on teaching strategy results from  were ranked in order of importance, Potential of results to be used by others. 282(92) 27.1% 61.6%

application of project based learning
in ways meaningful to the student
most often in a formal research class,
resources and support for the teachers

with (1) as Not Important - (4) as Very
Important.

Table 2. Two of the 16 factors related to the use of the research beyond the project.

to apply these new strategies, and Factor Mean (SD) Very Important Very Important or Important
non-traditional enwronment:s such as Oral Presentation 3.18 (76) 37.6% 80.3%
research courses, clubs, or informal
after-school time to support student Visual Display 2,65 (.77) 12.9% 56.7%
inquiry. Inaddition, when the teachers
were asked to indicate how difficult Written Report 2.60(82) 12.2% 56.5%
a set of tasks were for the students
English Language Skills 2.14 (91) 7.0% 34.4%

as they completed their science fair

Table 3. Four of the 16 factors related to the presentation of the project.

In the United States we have this somewhat complex document: The Next

. . . ) Factor Mean (SD) Very Important Very Important or Important
Generation Science Standards that addresses a specific need, because in
different states we have different standards that seem more like dictionaries Access to outside mentors 241 (.90) 11.2% 46.3%
full of terms than a system that works better. We therefore still have a long
way to go, but this book is a step forward in explaining that it is important Access to outside research labs 2.30(.94) 11.3% 40.7%

not only to learn concepts, but also procedures and to develop skills and

competencies. One of more parents working in scientific or

1 0 O
\ technical fields. 185 (92) 5.0% 25.1%

o !

Innovation will get us ahead. We are all technology consumers, but we want Daniel

to participate in the development of these technologies. We want people Alcazar
who not only consume, but also produce.

Table 4. Three of the 16 factors related to the availability of outside assistance.
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When asked how most of the Intel
ISEF finalists could make their projects
better, the judges responses can best
be categorized as:
Improving the Methodology.
By providing a larger sample size
or increasing the number of trials
conducted, the students could
have a greater understanding of
theimpact and validate their claims.
+ Increase Clarity of Presentation
By providing their project dataand

findings in an easy to read format
thatincludes the most relevant data
the students can then describe their
depth of knowledge through the
project notebook and discussion.
With a clearly defined problem
that is the focus of their research,
followed by describing carefully
planned experiment and data
analyses, the student can exhibit
the critical thinking skills that are
viewed as most important.

Communication Skills

Finally, the ability to answer
questions and talk informally
about the project is more important
than English language skills or an
impressive display. Students need to
illustrate how their critical thinking
goes beyond finding a solution;
it is about finding ways to apply
knowledge to similar situations, not
being afraid of failure, exploration
for deep understanding of how
things work and a willingness to
admit that learning is a continual
process and notan end state. Even
a failed experiment is not a failure
buta great learning experience and
a springboard for asking another
question or looking at the problem
from another angle.

FINDINGS FROM SUCCESSFUL
STEM SCHOOLS

As part of Intel’s most recent exploration
into STEM education, the research team,
in association with SRI International,
conducted case studies of five schools
that providerich, rigorous science and
math learning experiences for students.
Areport was generated to describe the
schools, the challenges each faced, and
how they were able to build effective
learning environments. The significance
of these schools’accomplishments can
best be understood within the current
interest in STEM instruction and lear-

The complexity of evaluation has been illustrated throughout this conference. It involves many more
aspects than those we usually approach when we discuss the design of SEVIC because evaluation

COMMENTS

necessarily involves students. Along the way we have very important decisions to make. For example:
what do we exactly want to assess in a student? In the SEVIC program? At school? Do we want o assess

learning outcomes or competencies?

This poses a very significant dilemma.What do we want to emphasize? Do we want to trigger more
engineering or scientific vocations and eventually produce better engineers and better scientists? Or do

we want a broad part of populations, even the whole student population of a country to enjoy a level
playing ground of capacities that will allow them to be more competitive in the 21st century?

If I were in the United States I’d perhaps seek to have more and better engineers and scientists. But,
would that be my priority for Mexico? Very likely not, perhaps because of my involvement in the

challenge that innovation represents for Mexico.”

ning.The report, Creating New Oppor-
tunities for STEM Learning: Insights
from Case Studies of 5 Schools, can be
found at www.intel.com/education/
evidenceofimpact.

The case study schools were selected for
their diversity of location and context.
They were all public schools, serving
students representative of their area
and selected due to their record of
improvement.

Researchers from SRI and Intel visited
each of the five schools for 2-3 days.
During these visits, interviews were
conducted with school leaders, district
staff, teachers, and other school staff
members working with technology or
STEM curriculum. In addition, at each
school a parent focus group, a student
focus group, and at least three clas-
sroom observations also conducted.
These activities provided insights into
the context, challenges, and strategies
implemented in the schools.

Across the successes documented
in these very different schools were
consistent underlying themes. First,
all the schools broke from the norm
in some way and created a new vision
and culture of education. At George Hall
Elementary, the break from business
as usual included a new school leader,
replacement of nearly all the teachers, a

new curriculum, and drastically different
school practices. In the restructuring,
school staff even worked to clean up
the school building. Change at this
scale was difficult for the community
at first, but community support was
built over time.

"(...) the ability to
answer questions
and talk informally
about the project is
more important than
English language
skills or an impressive
display. Students
need to illustrate how
their critical thinking
goes beyond finding
a solution; it is about
finding ways to apply
knowledge to similar
situations, not being
afraid of failure(...)"

Although the changes at George Hall
are dramatic, all five schools made bold
changesof somekind.ByronHigh School
flipped its classroom and homework
periods, redefining the approach to
student learning with a full openness
to the digital revolution in education.
Preston adopted a growth mind-set
as a teaching staff, made every class
advanced, and then developed ways of
scaffolding and differentiating learning
forthe newly empowered students. An
important factor within each school was
that teachers and administration broke
free of their old habits and thoughts,
charted a new course, and harnessed
their courage to make bold changes.

Second, the schools all provided
professional learning communities
(PLCs) and professional development
opportunities shaped and directed by
teachers. Teachers are often expected
toimplement curricular or pedagogical
changes designed by experts or
someone outside the school, and
professional development or PLCs are
used to support teachers in making
these changes. At these schools, the
opposite was true. Forexample, at Byron
teachers were provided the tools, time,
and training to form innovative PLCs
where members were encouraged and
supported in attempting collaborative,
measured, systematicimplementation
of radically new and ultimately quite
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effective instructional methods. Preston
math teachers had a similar story. Their
principal pushed for a culture where it
was expected that all students could
learn at the highest levels, but he
then empowered teams to explore
and craft their own innovative means
of achieving that goal. Professional
development and PLCs, then, were
not a method of integrating someone
else’s’ school improvement but a way
to equip teachers with the skills and
opportunity to envision and implement
their own classroom improvements.

Third, all the schools provided creative
and thoughtful out-of-school time
learning opportunities for students.
Preston offered plentiful opportunities
toengagein hands-on science activities
such as wildlife habitat restoration and
created an elective system, with the
final period of the day dedicated to
help students discover and pursue their
passions. Taking advantage of its New
York location, MS223 provides students
with the cultural opportunities routinely
enjoyed by wealthier families, such as
outings to museums and Broadway
shows, in order to provide students a
broader and more enticing worldview.
Byron’s use of the flipped classroom,
where students are introduced to
content outside class and work on
problems during class time, is a creative
redefining of in-school and out-of-

schooltime. In all five schools, teachers
and administrators took a broad
view of learning, beyond classrooms
and standards, to encompass the
motivations, interests, and passions
of their students.

Fourth, the schools devised sensitive
methods to meet each student’s unique
learning needs. MS 223 hired a full-
time math coach to support the use,
interpretation, and teaching responses
to formative assessments. In addition,
it developed a mutually beneficial
relationship with a teacher training
program that now puts additional
teaching professionals in high-need
classrooms to maximize opportunities
for small-group learning at a pace and
with methods more customized to each
students’'needs. George Hall also used a
data-driven process, using a technology
system that provides instant analysis
of student skills, ensuring that what
studentslearnis appropriately leveled
and based on need. After pushing all
students into an accelerated math
program, Preston needed to develop
a robust system for ensuring that all
students learn. Its differentiation of
instruction now comes through flexible
student groupings where, each week,
students across grades and classrooms
address different learners'needs lesson
by lesson. In each case, the schools are
finding ways to meet students where

PISA tells us that this competency (it clearly qualifies this notion as a competency) is an individual’s
ability to become effectively involved in a process in which two or more agents are attempting to solve
a problem by sharing the understanding and effort required to reach a solution.

If this continues, by 2017 we will be assessing these competencies actively and routinely. The challenge

is great, so we must prepare ourselves.

they are and support them in their
personal learning trajectory.

Finally, all the schools sought out and
leveraged nearby resources. MS223
partnered with Teach For America
to bring more adults into the math
classes, Yale University to provide
arts education, and local college
fraternities, sororities, and sports teams
to glamorize college for their students.
Farmington View conducted an asset-
mapping project and used it to identify
local resources such as the Jackson
Bottom Wetlands where students
participate in wildlife preservation
research. In addition, the mapping
of resources extended to the school’s
parent population, where any adult
with valuable expertise was tapped
to lead an afterschool club or activity.
Byron High school has used technology
to gather free web resources and tools
to build and deliver learning content,
first with math and now with many
subjects. Each school has found creative
ways to forge external partnerships to
expand the learning resources available
to students.

The five common themes among these
case studies demonstrate that the
schools in this study were recognized
for and built their success on a large
view of their educational mission.They
took bold and brazen approaches, they
supported ground-up changes from
teachers, worked to maximize both
in-school and out-of-school learning
opportunities, and broughtin external
resources to support their efforts. Each
of the five schools provides a story
of success within its unique setting
and context, yet this bold, broad, and
resourceful perspective runs through
each case.

CHALLENGES

Classroom instruction is a complex
enterprise that occurs attheintersection
of teachers, students, and texts within
the surrounding classroom, school,and
community environments. Effective

education reform and sustained policy-
based (macro) initiatives to enhance
equity and excellence must be designed
and understood at the classroom
(micro) level and secondarily at the
school (meso) level, (Scheuermann,
et al., 2009 & Price & Roth, 2010).
In each of the cases discussed, the
assessment strategies applied and the
procedures developed were designed
and implemented with the individual
student in mind. As such, audience
and magnitude of scale becomes
the prominent barrier to effective
dissemination of findings (CDC, 1999).

When primary stakeholders are
immediate, such as local content
teams, standards for data collection
may favor qualitative observations
and interactions with participants.
Whereas, when governments and
expenses are involved, the standard
for credible data often requires
more rigorous experimental designs.
Regardless, either of the approaches

can be improved by using multiple
procedures for collecting data. The
most common source of datais through
the program participants themselves
via surveys, interviews, focus groups
or observations. However, data is also
available through document review.
In educational settings, such artifacts
may include administrative records
and teacher or student products or
portfolios (Price, Roth, McAllister,2011).

If we were to revisit the idea that
meaningful assessment of student
knowledge and understanding through
the strategies presented here, and if we
acknowledge thatachangeintheroles
intheassessment process that can make
assessmentitself alearning experience
and deepen studentengagement, then
we must also acknowledge a need for
achangein the practices and teacher/
learner relationships to enable new
measurement strategies.

SCIENCE LEARNING ASSESSMENT: TRENDS AND CHALLENGES 101




Current research illustrates the value
of micro level assessment strategies.
Fortunately, large scale, macro level
international collaborative projects
such as the Assessment and Teaching
of 21st Century Skills, (ATC21s.org),
and the New Pedagogies for Deeper
Learning, (newpedagogies.org),
initiatives are attempting to understand,
define and initiate such changes in
how relationships between students
and teachers are structured, in how
teaching and learningis practiced, and
in how learning is measured. In each,
the opportunities available through
technology can be seen.

CONCLUSION

Education has been Intel’s primary
philanthropic focus for decades. Intel
has over 200 programs in more than
70 countries that provide professional
development for teachers, support
and celebrate student achievement
in science, technology, engineering,

and math, and bridge the digital divide
with relevant, local online content for
educators, students and parents. Our
experience in education worldwide
has informed our understanding of the
need for higher standards and more
rigorous assessments for our students.
Often, we hear that our education
systems are broken. The issue is not
so much that they are broken as it is
that they were built at a time and for
functions that are no longer critical,
and measured in ways that are no
longer meaningful. Today, we need
far more people with analytical skills
to pursue innovation in academia, in
industry, in government. Today, our
young people need a far better grasp
of technology and science simply to live
inthisincreasingly complexand rapidly
changing world inundated with data,
climate changes, and revolutionary
advances in medical science. Today,
we need systems of measurement and
assessment that move away from an
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emphasis on subject knowledge, and
move towards understanding skillsand
attitudesand theincreasingly important
competencies of critical thinking. As
a result, as technology becomes ever
more complicated, there is a better
understanding to approaches to
student learning through a process of
constructinganddeveloping knowledge
and the meaning of learningin theirown
lives and assessment strategies must
reflect this.*

* Document for the Presentation.
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Teaching and assessing inquiry-
based science: challenges and
opportunities from the United
States perspective

Assessing the transfer of Scientific and Engineering Practices may require instruments that
engage students in performance tasks that reflect how science and engineering is done in

the real world. The evidence that is gathered and tracked by performance tasks and over the
student’s scientific education may provide a better picture of student progress and learning gaps.

Today the United States government and the private sector are making investments in the
improvement of Science, Technology, Engineering, and Mathematics (STEM) education. Some
early outcomes of this focus are the development of new standards, and large scale studies
sponsored by the Investing in Innovation (i3) Fund. Both of these are making contributions to
a better understanding of how to implement science reform across the nation. High quality
inquiry-based science standards are triggerring changes in the way formative and summative
assessment is implemented in schools.

SCIENCE STANDARDS

Traditionally, in the United States,
science learning has been guided by
education standards that separate
content from process skills. In most
casesonly the contentis assessed using
selective response assessment tools
that are given once a year in selected
grades (5th, 8th, and some high school
courses). The need for science education
reform has led to the development of
the Next Generation Science Standards,
NGSS (NRC, 2012).These new standards
present performance expectations that
integrate core ideas, and inquiry skills
for instruction and assessment. The
NGSS seeks to help students understand

the nature of scientific knowledge or
inquiry by

Scientific and Engineering

Practices (NRC, 2013)

« Asking questions (for science) and
defining problems (for engineering)

« Developing and using models

« Planning and carrying out investi-
gations

« Analyzing and interpreting data

+ Using mathematics and computa-
tional thinking

« Constructing explanations (for
science) and designing solutions
(for engineering)

- Engaginginargumentfromevidence

104 SEVENTH INTERNATIONAL CONFERENCE

« Obtaining, evaluating,and commu-
nicating information

Crosscutting Concepts (NRC, 2013)

« Patterns.Observed patterns of forms
and events guide organization and
classification, and they prompt
questions about relationships and
the factors that influence them.

« Cause and effect: Mechanism and
explanation. Events have causes,
sometimes simple, sometimes multi-
faceted. Amajor activity of scienceis
investigating and explaining causal
relationships and the mechanisms
by which they are mediated. Such
mechanisms can then be tested

across given contexts and used to
predict and explain events in new
contexts.

« Scale, proportion, and quantity.
In considering phenomena, it is
critical to recognize what is relevant
at different measures of size, time,
and energy and to recognize how
changes in scale, proportion, or
quantity affect a system’s structure
or performance.

«  Systemsandsystemmodels.Defining
the system under study—specifying
its boundaries and making explicit
a model of that system—provides
tools for understanding and testing
ideas thatare applicable throughout
science and engineering.

- Energy and matter: Flows, cycles,
and conservation.Tracking fluxes of
energy and matter into, out of, and
within systems helps one unders-
tand the systems’ possibilities and
limitations.

«  Structure and function. The way in
which an object or living thing is
shaped and its substructure deter-
mine many of its properties and
functions.

- Stability and change. For natural
and built systems alike, conditions
of stability and determinants of rates
of change or evolution of a system
are critical elements of study.

Student Expectations

These are two examples of how the
student expectations in the NGSS seek
to integrate content and the nature
of science into statements that guide
instruction and set clear assessment
guidelines:

Grade 5 Physical Science Student
Expectation (5-PS1-2): Students who
demonstrate understanding can:
Measure and graph quantities to
provide evidence that regardless of
the type of change that occurs when
heating, cooling, or mixing substances,
the total weight of matter is conserved.
[Clarification Statement: Examples of
reactions or changes could include

phase changes, dissolving, and mixing
that form new substances.] [Assessment
Boundary: Assessment does notinclude
distinguishing mass and weight.]

This student expectation combines the
core ideas of structure and properties
of matter and chemical reactions,
the Practice of using mathematics
and computational thinking, and
the Crosscutting Concept of scale,
proportion, and quantity.

Middle School Life Science Student
Expectation (MS-LS3-2): Students
who demonstrate understanding can:
Developanduseamodeltodescribewhy
asexual reproduction resultsin offspring
with identical geneticinformation and
sexual reproduction results in offspring
with genetic variation. (Clarification
Statement: Emphasis is on using models
such as Punnett squares, diagrams, and
simulations to describe the cause and

effect relationship of gene transmission
from parent(s) to offspring and resulting
genetic variation).

This student expectation combines the
core ideas of growth and development
of organisms, inheritance of traits,

and variation of traits, the Practice of
developing and using models, and the
cause and effect.

DEVELOPING HIGH QUALITY
ASSESSMENTS FOR INQUIRY
BASED LEARNING

In order to obtain an accurate
understanding of a student science
performance, science assessment
instruments focus on science learning
in all domains: core ideas (concepts),
Practices, and Crosscutting Concepts.
Furthermore, this evidence should
be gathered in the context of real-
life scientific tasks. In the past year,
Alexandria City Public Schools (ACPS)
has rolled out a system to monitor the
science achievement and progress of
students through transfer tasks. These
assessments are vertically aligned and
allow the school system to monitor
students’ performance in specific

measurement topics from Kindergarten
to grade 12. Additionally, the National
Assessment of Educational Progress
(NAEP) has developed tools to assess
scientific inquiry and provides good
examples of alternative ways of
assessing students.
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Transfer Tasks

Performance tasks or transfer tasks
allow educators to capture the kind
of information that would best serve
as evidence of scientific transfer. In
these assessments tools, students are
asked todemonstrate what they learned
in similar yet different contexts. For
example, if students have been learning
about interdependent relationshipsin
ecosystems by exploring the school
pond, the transfer task would ask
them to create a model of a terrestrial
ecosystem. Crosscutting Concepts are
useful while creating transfer tasks
because they allow the assessment of
concepts using different contexts. For
instance, if an instructional unit focused
on investigating a core idea through
thelens of systems and system models,
a transfer task might ask a student to
explore the structure and function of
the parts of the same system.

Transfer tasks also ask students to
demonstrate a particular scientific or
engineering Practice. For example a
transfer task that requires students to
explore the Crosscutting Concept of
scale, proportion, and quantity, would
also assess the Practice of analyzing and
interpreting data.

Sample Grade 5 Transfer Task:

You will plan investigations to help Caroline better understand changes in
matter.

Lisa found her sister Caroline stirring her iced tea madly. Caroline said that she
was trying to make sugar melt. Lisa told Caroline that what she was actually
doing was dissolving the sugar, not melting it. Caroline was confused. She
said that she knew that lots of things melt such as ice cream, ice cubes, candy
in her mouth, sugar in hot tea, and chocolate. After thinking about it some
more Caroline, concluded that melting and dissolving were the same thing.

Your job is to design a series of investigations that Caroline could follow so

that she can learn the difference between melting and dissolving.

Be sure to include:

. Clear directions for the activities (include diagrams and pictures).

. A list of materials and tools that are needed.

. Sample graphic organizers that Lisa can use to record her observations.

. Teacher notes with the expected results for each activity and the
patterns that would be observed during the melting or dissolving.

This Transfer Task targets the Practice of planning and carrying out investiga-
tions and the Crosscutting concept of analyzing patterns.

Measurement Topics and Rubrics
At ACPS we determined that our

K-12 science measurement topics
would match the NGSS Practices and
Crosscutting Concepts.

For each of those measurement topics
we developed rubrics in grade-bands
(Kindergarten-2nd, 3rd-5th, 6th-8th,and
9th-12th). Each transfer task targets two
measurement topics (one Practice and
one Crosscutting Concept). The corres-
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ponding rubrics provide performance
descriptors with a four-point scale. It
also provides teachers with language to
use as feedback for their students. The
scores for each measurement topic are
tracked from year to year. Transfer Task
scores are also used as part of a larger
comprehensive assessments plan to
monitor students’progress throughout
the school-year.

Table 1-Tracking Student Performance on Science Transfer Tasks by Measurement Topic
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Crosscutting Concepts

Measurement Topics

Asking Scientific Questions and
Framing Engineering Problems

Developing and Using Models
and Visual Representations

Planning and Carrying Out
Investigations

Analyzing and Interpreting Data

Using Computational Thinking
and Mathematical Reasoning

Constructing Scientific
Explanations and Designing

Engineering Solutions

Using Evidence to Engage in and
Support Arguments

Analyzing, Evaluating, and
Communicating Information

Analyzing Patterns

Analyzing and Explaining Causal
Relationships

Assessing the Impact of Scale,
Proportion, and Quantity

Investigating Systems and
System Models

Analyzing Flows, Cycles, and
Conservation of Energy
and Matter

Exploring Structure and Function

Investigating Stability and
Change

Grade Level
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Table 2- Sample Rubric

Measurement Topic: Developing and Using Models and Visual Representations

Modeling in K-2 builds on prior experiences and progresses to include using and developing models (i.e., diagram,
drawing, physical replica, diorama, dramatization, or storyboard) that represent concrete events or design solutions.

4,
Advanced

3.
Proficient

2.
Developing

Basic

Performance Indicators

+ Your response shows that you are highly effective at distinguishing between a model and the
actual object, process, and/or events the model represents.

+ Yourresponse shows that you are completely accurate when comparing models to identify common
features and differences.

+ Your response shows that you are completely accurate when developing and/or using a model to
represent amounts, relationships, relative scales (bigger, smaller), and/or patterns in the natural
and designed world(s).

+ Your response shows that you consistently develop a simple model based on evidence to represent
a proposed object or tool.

Your response shows that you are somewhat effective at distinguishing between a model and the

actual object, process, and/or events the model represents.

+ Your response shows that you are generally accurate when comparing models to identify common
features and differences.

« Your response shows that you are generally accurate when developing and/or using a model to
represent amounts, relationships, relative scales (bigger, smaller), and/or patterns in the natural
and designed world(s).

+ Your response shows that you generally develop a simple model based on evidence to represent

a proposed object or tool.

+ Your response shows that you are highly effective at distinguishing between a model and the
actual object, process, and/or events the model represents.

+ Yourresponse shows that you are inaccurate when comparing models to identify common features
and differences.

+ Your response shows that you are inaccurate when developing and/or using a model to represent
amounts, relationships, relative scales (bigger, smaller), and/or patternsin the natural and designed
world(s).

+ Yourresponse shows that you occasionally develop a simple model based on evidence to represent
a proposed object or tool.

+ Your response would benefit from showing the similarities and differences between a model and
the actual object, process, and/or events the model represents.

+ Your response would benefit from developing and/or using a model to represent amounts,
relationships, relative scales (bigger, smaller), and/or patterns in the natural and designed world(s).

+ Your response would benefit from developing a simple model based on evidence to represent a
proposed object or tool.
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COMMENTS

Innovation drives investment in Research and Development, which in turn encourages a STEM-
based economy, and in turn that leads to an increased national interest in STEM education.
Continuing from there, effective STEM education, in turn, now breeds innovation, so now we

have a positive cycle. One thing leads to another and basically we are spiraling upwards here.

So, innovation is part of the key themes of what | would like to talk about.

Innovation is hampered by a widening workforce skills gap. Here I'll talk about a few data
points in the US. There are international data available as well. Today there are 2.7 million
Jjobs open due to the lack of qualified applicants. There is only a little bit less in terms of the
number of unemployed individuals who often cannot get a job because they are not sufficiently
qualified. That’s the skills gap. It’s a mismatch between the needs and the access to the talent to
meet those needs.

Looking into the future, it is a little scary actually, because the number of jobs that will require
a STEM college degree (and in fact not just a STEM college degree, but a STEM understanding,
STEM literacy if you wish) will continue to grow. The prediction is that within the next ten
years the STEM-requiring jobs will exceed those that do not require STEM jobs and probably
several-fold. In 2018, the prediction is that the number of STEM jobs will exceed 8-million in the
us alone.

When we talk about skills and competencies, obviously we are all aware and comfortable
with problem-solving skills, critical thinking skills, and other things that are part of the 21st
century curricula. But there is a whole host of skills and competencies that are now growing out,
becoming important and rare to find because today’s workplace lives by these.

There is a group in Washington called “The STEM-Connectors”. We have an innovation task force
that | am on and we are now working. We are trying to understand for ourselves, because many
of us are from the applied sciences STEM sector, what is STEM 1.0?

If we define 1.0 of STEM as what we have today, it’s obviously not sufficient. We can’t live
with 1.0. We have to begin to develop a STEM 2.0 concept. The only way you can do that is to
understand what the future job tasks are going to demand in terms of what those skills are. And
| can’t rank them to you or give them to you. They’re somewhere on the list we just studied.
What can and what must the education sector provide? Then we have to imagine that to get
moving from where we are today we have to step up on competencies platforms, capability
platforms; one at a time up to the point where we have achieved an armamentarium or a
portfolio for every person that goes through this, that gives him or her the skills that they need
to be competitive in today’s environment of the workplace.

Given the known outcomes of inquiry based science education, we understand and know that
it leads to better critical thinking and problem solving, how can we now explore how young
students can be encouraged to innovate in the classroom?

7
0‘0

If we understand what innovation is, if students do it already, it’s not going
to be heavy lifting. The heavy lifting is going to be to define to ourselves
what is it that tells us that they are now innovating?

We need to develop then the practices and the tools to evaluate innovative
or creative skills, and you know how to do this better than I do. We don’t
talk enough to one another. Intel’s (...) represented here, engineer Rodriguez

represents the business community and many others of you do as well, but &

we’ve all got to do this better.




LARGE SCALE PERFORMANCE
ASSESSMENTS

The NAEP assessment includes
interactive computerand hands-ontasks
designed to assess how well students
can perform scientific investigations,
draw valid conclusions, and explain
their results. As a part of the 2009
science assessment, a new generation
of hands-on tasks was administered
during which students worked with
lab materials and other equipment to
perform experiments. While hands-on
tasks have been used in NAEP since the

1990s, these new tasks present students
with more open-ended scenarios that
require a deeper level of planning,
analysis, and synthesis. For the first
time, the NAEP science assessment
also included interactive computer
tasks in science. While performing the
interactive computer and hands-on
tasks, students manipulate objects and
perform actual experiments, offering us
richer data on how students respond
to scientific challenges. Several key
discoveries were observed (NCES, 2011):

+ Students were successful on parts
of investigations that involved
limited sets of data and making
straightforward observations of that
data.

+ Studentswere challenged by parts
of investigations that contained
more variables to manipulate or
involved strategic decision making
to collect appropriate data.

« The percentage of students who
could select correct conclusions
from an investigation was higher
than for those students who could
select correct conclusions and also
explain their results.

Sample questions, scoring criteria, and
student responses can be found on
the The Nation’s Report Card website:
http://goo.gl/BdtqOt *

* Document for the Presentation.

We need to communicate more between us. When | hear the comments
that have been made in this Conference, the idea of a Symphony Orchestra

comes to my head: we can be wonderful instruments, but if each one
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CONCLUSIONS

High-tech companies, those that base their growth on new product research and development require a growing
number of human resources well trained in science, engineering, technology and mathematics. This challenges
nations to promote the right education policies and curricula to address their social and economic realities as well
as the demands these companies have for labor markets.

This is fundamental to detonate and maintain innovation processes whose repercussions will translate into
dynamic national economies. Achieving this requires seamless communication among sectors and institutions as
well as coordinated efforts targeting common goals.

This is urgent, because the 21st century needs individuals whose competencies go beyond critical thinking
and teamwork. It requires a“Generation 2.0,” so to speak, with competencies formed by the development of systemic
thinking, negotiation skills, openness to multiple cultures and remote collaboration to name a few. The challenge is
a great one.

plays its own melody, all is a disaster. Normally we see individual offices,
individual institutions, individual organizations and individual members .
inside the organizations working each person by his side. There must be ; |
much more collaboration between all. ‘ |
X L

Policies should support curricula, the use of technologies applied to
education, the development of assessments that take into account these
new teaching approaches and its implications. All of this should be
coordinated. There are many organizations who are interested in walking
in this sense. We must find a way to articulate them, to organize them. In
addition, not only asking them to commit, we must commit ourselves as
individuals, as members of our organizations, as parents.

John K.Price
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Welcome Dinner
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Interactive Museum of Economy, Mexico City. Workshop 1.
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During the ceremony, INNOVEC honored
PhD.Rosa Devés and PhD. Jorge Allende,
of the University of Chile and PhD. Le6n
Olivé, of the National Autonomous
University of Mexico for their valuable
contributions to Inquiry Based Science
Education (IBSE).




SIOGRAPHIES

INAUGURATION AND KEYNOTE CONFERENCE

Jaime Lomelin Guillén
President of the Board of INNOVEC. Mexico.

Lomelin holds a Bachelor of Science degree in Chemical Engineering from the National Autonomous University of
Mexico (UNAM) and undertook business administration studies at the University of Wisconsin (1958-1959) as well as
the AD2 Program at the Instituto Panamericano de Alta Direccién de Empresas (IPADE) in 1975 and also the Stanford
Executive Program at Stanford University (1984).

Mr Lomelin is a member of the Board of Trustees of ITAM and an alternate director of Palacio de Hierro, Grupo Nacional
Provincial, Valores Mexicanos Casa de Bolsa and is also Chairman of the Board of Trustees of the Chemistry School at
the UNAM as well as a member of the UNAM Foundation. Mr Lomelin is President of the Councils of the non-profit
organisations: INNOVEC, the Mexican Mining Chamber, and the Council of Economic Development of the State of
Zacatecas.

Mario Molina
Vice President of the Board of INNOVEC. Mexico.

Molina holds a Chemical Engineer degree (1965) from the National Autonomous University of Mexico (UNAM), a
Postgraduate degree (1967) from the University of Freiburg, Germany, and a Ph.D. in Physical Chemistry (1972) from the
University of California, Berkeley.

He is a pioneer and one of the main scientists in the world dedicated to atmospheric chemistry. He was co-author
with Frank Sherwood Rowland, of the 1974 original article predicting the depletion of the ozone layer as a direct
consequence of the emissions of certain industrial gases, chlorofluorocarbons (CFCs), earning them the 1995 Nobel
Prize in Chemistry.

He was Institute Professor at the Massachusetts Institute of Technology (MIT) between 1989 and 2004; held research
and teaching positions at the UNAM between 1967 and 1968; also at the University of California, Irvine between 1975
and 1979 and at the Jet Propulsion Laboratory of the California Institute of Technology (Caltech) between 1982 and
1989. Molina is a member of the National Academy of Sciences and the Institute of Medicine in the United States and
since April 2011, he is one of the 21 scientists that serve on President Barack Obama’s Council of Advisors on Science
and Technology (PCAST).

For his contribution to science he has received numerous awards including over 30 honorary degrees, the Tyler Prize for
Environmental Achievement in 1983, the UNEP-Sasakawa Environment Prize in 1995, the 1995 Nobel Prize in Chemistry
and the Presidential Medal of Freedom. Currently, he is professor at the University of California, San Diego. In Mexico, he
is President of the Mario Molina Center. He is Vice President of the Board of INNOVEC.

114 SEVENTH INTERNATIONAL CONFERENCE

José Narro Robles
Rector of the National Autonomous University of Mexico. Mexico.

Jose Narro Robles was certified as a Medical Surgeon at the Faculty of Medicine at the National Autonomous
University of Mexico (UNAM) where he received honorary mention for his thesis exam. He joined the staff at the
Faculty of Medicine and carried out his postgraduate studies in Community Medicine at Birmingham University,
England between 1976 and 1978. In the National University he lectured on preventative medicine, family
medicine, public health, and served as titular for various graduate courses. He is currently a fulltime professor
with 33 years of service.

At the university itself he worked as General Secretary, Dean of the Faculty of Medicine, among others. In
November 2007 he was designated Rector of the UNAM for the 2007-2011 period. In November of 2011 he was
appointed for a second four-year term.

He has held various posts in the federal public administration including General Director of Public Health in the
Federal District, General Secretary of the Mexican Social Security Institute, Government Undersecretary in the
Interior Department, and Undersecretary of Health Services in the Health Department.

He is the author of more than 220 academic publications and divulgation articles. Among his career he has
received multiple awards.

Since 1992 he has been a member of the National Academy of Medicine and a member of the Mexican Academy
of Sciences since 2004. He was also admitted to the National Royal Academy of Medicine in Spain as foreign
academic correspondent.

Sylvia Schmelkes
President of the Board of Governors, National Institute for the Assessment of Education. Mexico.

Sylvia was born in Mexico City. She studied Sociology and holds a Master degree in Educational Research by the
Iberoamerican University in Mexico City, She is an educational researcher since 1970.

She has held several institutional positions such as researcher-professor, Head of the Department of Educational
Research from the Center for Research and Advanced Studies (CINVESTAV) of the National Polytechnic Institute (IPN)
from 1994 to 2001. Advisor to the Secretary of Public Education from 1996 to 2000.

She chaired the governing board of the Center for Educational Research and Innovation of the OECD from March 2002
to May 2004.

She led the Research Institute for the Development of Education of the Iberoamerican University, Mexico City. She is the
President of the Board of Governors of the National Institute for the Assessment of Education (INEE). She has carried out
research in the fields of adult education, quality of basic education, intercultural education, and values formation. She
is a Level Three National Researcher.

SCIENCE LEARNING ASSESSMENT: TRENDS AND CHALLENGES 115




BIOGRAPHIES

SPEAKERS, PANELISTS AND MODERATORS

Eduardo Backhoff Escudero

Member of the Board of Governors, National Institute for the Assessment of Education (INEE). Mexico.

Backhoff holds a degree in Psychology by the National Autonomous University of Mexico (UNAM). He also
holds a Master degree in Education by the Washington University, and a Ph.D. in Educational Sciences by the
Autonomous University of Aguascalientes. The evaluation of learning has been his line of research. He is a Level
Two National Researcher.

He has collaborated with several dependencies engaged to the educational research. Interim Director of the
Institute of Research and Educational Development of the Autonomous University of Baja California from 1993
to 1995; Director of the Institute of Research and Educational Development of the Autonomous University of
Baja California from 1995 to 1999; Director of testing and measurement of the National Institute for Educational
Evaluation (INEE) from 2004 to 2008; Scientific editor of the Electronic Magazine of Educational Research (REDIE)
of the Autonomous University of Baja California from 2009 to 2011.

Member of the group of experts in questionnaires of context for PISA 2012, from 2010 to 2012; consultant of
the Educational Testing Service (ETS) to lead cognitive laboratories of questionnaires of the context translated
into Spanish for PISA 2012, in 2010. He is a Member of the Board of Governors of the National Institute for the
Assessment of Education (INEE) since April 30, 2013.

‘r- Shelley Peers
'?_ Director of the Primary Connections Project. Australia.

Shelley Peers is the Director of the Project ‘Primary Conections: linking science with literacy’ of the Australian
Sciences Academy. She is medical biochemist and a professor of an elementary school.

She has held positions as a designer of programming and developing of curricular programs. She is Churchill
member 2008-2009; member of the International Society for Design and Development in Education, and in
2010 she was awarded as an outstanding ex-student by the Faculty of Education of the Technology Queensland
University, Australia. She has undertaken presentations about the program she leads on the IAP, so as to other
events in South Africa, France, United Kingdom, United States of North America and Chile.

116 SEVENTH INTERNATIONAL CONFERENCE

Louise Hayward
Glasgow University. United Kingdom.

She is member of the Assessment Reform Group from United Kingdom. She has been working on assessment
nationally and internationally with a focus on social justice.

She has a particular interest in the research and practice of public policy to improve education; specifically, how
the assessment results can be based to take decisions on education and how teachers, learners, researchers and
policy makers can improve them to work collaboratively.

She collaborates on the research work of the Assessment Reform Group, and has been part of the International
Assessment for Learning Consortium. She has participated on the Scottish Policy Innovation in Research and
Learning Initiative (SPIRAL) of Scotland.

Ulrika Johansson
Director of the Science and Technology for Everybody (NTA) Program. Sweden.

Ulrika Johanson is a Mathematics and Science teacher since 1997.

From 2005 she leads the NTA (Naturvetenskap och Teknik for Alla) in Linkdping, apart from being the responsible
of the improvement program of Teaching and Learning Science and Technology in Elementary Schools.

On 2008 and 2009 Ulrika was the Development Director of the project called 'Science and Technology in and out
of school!

This project involved pre-school, elementary schools, and highschools in Linkdping, developing a strategy to
students from one year up to sixteen. The main approach of the initiative was the development of a strategic
working plan of science and sustainable development collaborating with enterprises, museums, science centres
and Linkoping University. In 2013 Ulrika Johansson became a member of the National Swedish Agency of
Educational Programs for the Science and Technology Development.

Maria Alejandra Gonzalez Davila
Science at your School, Program of the Mexican Academy of Sciences. Mexico.

She holds a Master in Sciences with a specialty on Educational Research on the Analysis of Discourse and Science
Teaching by the Educational Researches Department of the CINVESTAV.

She holds a degree in Pedagogy by the UNAM. She also studied Biomedical Engineering with a specialty in
Electronic Medical Instrumentation and worked on the Nuclear Medicine area of the National Institute of
Cardiology.

She collaborates on the magazine Mail of the Teacher and has been responsible of the teachers training of

the Innovation Laboratory on Educational Technologies (LITE). Author of science text books, and interactive
resources for distance education (telesecundaria) at the Latin American Institute for Educational Communication
(ILCE). She has published texts for high school.

She is assessment coordinator and member of the teaching group of the Program 'The Science at your School' of
the Mexican Academy of Science. (AMC).

SCIENCE LEARNING ASSESSMENT: TRENDS AND CHALLENGES 117




Carlos Mancera Corcuera
Valora Consultores, S.C. Mexico.

He is an economist from the Autonomous Technologic Institute of Mexico (ITAM). Since 1988, he has taken
several positions on public administration dependencies, such as Advisors' coordinator of Programming and
Budget in the Mexican Ministry of Public Education (SEP), and Assistant Director for Scientific and Technological
Policy in the National Council of Science and Technology (CONACYT).

He was Assistant Secretary of Planning at SEP, since 1994, for a six-year period. He had an active role in multiple
projects, wich conformed the Educational Policy between 1992 and 2000. Since 2001, he is partner of Valora
Consultoria S.C., an enterprise dedicated to the advise on cultural and educational topics. He has also done
several works for the Interamerican Development Bank, the Global Bank and the OECD.

Wynne Harlen
University of Bristol. United Ringdom.

Wynne Harlen is a graduated from Oxford University with honorary degree in Physics and a Ph. D. in the University of
Bristol. Among other positions, she has been head of the Department of Teaching at the University of Liverpool and
Director of the Scottish Council for Research in Education, in Edinburgh. She has been a consultant and Co-Director
of Research Projects of the National Foundation of Science (NSF), TERC and Cambridge, among others.

She was President of the Scientific Group of experts to the OECD PISA Project during its first six years. She chaired
the International Committee of Oversight of the Program of Science Teaching of the InterAcademy Panel (IAP) for
the development of the inquiry based science teaching in pre-secondary schools. She is a founding member of the
British Association of Educational Research.

Wynne Harlen was decorated by the Queen with the order of the British Empire in 1991, and in 2001 received a
special recognition for her distinguished services in science education by the Association of Science Education (ASE).
She has participated on the editorial boards of several international journals. Her publications include 25 research
reports, more than 160 articles on specialised journals, contributions in 38 books, and 30 books of her authorship

or co-authorship. She currently directs the Project 'Evaluation Systems for the Future, sponsored by Nuffield
Foundation in Cambridge University.

Guillermo Solano
University of Colorado, Boulder. United States.

Postdoctorate in Measurement and Assessment Development by the University of California, Santa Barbara. Ph.D., in
Education and a specialty in methodology and measurement, by the same University.

He holds a Master degree in Educational Psychology, by the National Autonomous University of Mexico, heis a
specialist in the measurement of the education, assessment development, and relevant linguistic and cultural affairs for
the assessment of the linguistic minorities.

He is professor of bilingual education and English as a second language in the Education School of the University

of Colorado, in Boulder. He is the author of the theory: Test Translation Error, pointing to the reflection of the cross-
cultural evaluation. He is currently, working on a research on several forms of measurement in maths testing, forms of
assessment for students in the science classroom, and the design of illustrations such as assessment of English language
learners by combining cognitive sociolinguistic, semiotic and scientific approaches.
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Rosa Devés
Vice President of the University of Chile in Santiago. Chile.

Rosa Devés got a degree in Biochemistry at the University of Chile in 1974 and a PhD in Biochemistry at the
University of Western Ontario, Canada in 1978. She subsequently held a postdoctoral degree at the University of
Southern California, in Los Angeles.

In 1980 she joined the Department of Physiology and Biophysics in the Medicine Faculty of the University of Chile.
She has actively participated in the development of graduate education, including the creation of the Doctorate
Program in Biomedical Sciences led by two periods of 5 years.

She also participated in the creation of the Institute of Biomedical Sciences. Between 2006 and 2010 was Director of
Postgraduate degree from the University of Chile and since 2010 she has been VICE PRESIDENT. Since 2003, she has
been a corresponding member of the Chilean Academy of Sciences.

Along with her scientific and academic career she has been involved in the improvement of science education at the
school, collaborating between 1999 and 2002 with the unit of Curriculum and Evaluation of the Education Ministry
as coordinator of the science teams in the curriculum development. In collaboration with Jorge Allende, in 2003
created the establishment of IBSE Program (inquiry-based science education) in a partnership between the Ministry
of education, universities, the Chilean Academy of Sciences, the municipalities and the schools, in order to bring a
quality science education to all children.

Petra Skiebe-Correte
Director of Pollen Program. Germany.

PhD in neurobiology. Director of NatLab at the Freie University of Berlin where she offers both, elementary and
higher education students the opportunity to perform updated experiments based on research in Biology and
Chemistry, developed by scientists. She started a Laboratory Network of Informal Science in the States of Berlin and
Brandenburg (GenaU).

To support science teaching based on long-term researching within elementary schools, she founded TuWaS!
(Technik und Naturwissen—schaften an Schulen, Technology and Science in Schools) in 2007 as a cooperation
between the Freie University of Berlin and the Berlin Brandenburg Academy of Sciences and Humanities.
Currently, TuWaS! is serving over 140 schools in four different German states. Within the “Fibonacci” Project, TuWaS!
cooperates with three countries: Luxembourg, Austria and Turkey.

Skiebe-Correttte also participates in the Advisory Council of the National Center of scientific resources in
Washington, D.C., and in the LernortLabor Bundesverband der Schulerlabore e.V., a support association for
laboratories in informal science within Germany.
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Anne Goube
La main a la Pate Program. France.

'S

Master degree in Physics and Chemistry in Paris in 1974. Between 1982 and 1983, at the University of San Jose in
California, in the United States, she was certified in Behaviour Management in the Classroom and in the Analysis
of Teaching Styles.

She has a long professional career in which she has performed several positions: full-time teacher of secondary
school from 1976 to 2001; instructor of teachers in service, from 1984 to 1990; instructor of teachers in training,
1990-2001; teacher of Chemistry in the Communal University of Austin, Texas, from 2001 to 2002.

Upon his return to France and until 2011, she served as an instructor of teachers in the Joseph Fourier of
Grenoble University, and as an instructor for primary teachers on inquiry-based science teaching.

From 201 1until today, she works as a national and international volunteer at the French program La main a la
pate, which promotes inquiry based science education at schools.

Norma Sbarbati Nudelman
President of the Program of Education in Sciences of the Inter-American Network of Academies of Sciences. Argentina.

PhD in Chemistry at the University of Buenos Aires, Postdoctorate at MIT (Cambridge, United States); she was an
associate researcher at the University of California (Santa Cruz, United States); visiting professor at the University
of East Anglia, (Norwich, United Kingdom); professor at Kyushu University (Fukuoka, Japan); visiting professor at
the University of Marseille (Marseille, France); visiting professor at the University of Valencia (Valencia, Spain), and
visiting lecturer in several universities in Europe, Asia and America.

Currently works as a plenary professor in the University of Buenos Aires, as a senior researcher at the National
Council of Research (CONICET). She is a holder member of the National Academy of Exact, Physical and Natural
Sciences, and is President of the Program of Education in Sciences of the Inter-American Network of Academies
of Sciences.

She has developed important research work in the field of organometallic chemistry; green chemistry; physical
organic chemistry; environmental chemistry, applied on stability of drugs as well as pharmaceutical products.
She has received numerous awards including: the award for distinguished research by the Ministry of Science
and Technology. The award for the trajectory in Chemical Education by the Chemical Argentinian Society; and
Chemist of the year by the Argentina Society of Chemistry.
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& . Hubert Dyasi

’)i L Emeritus Professor of the City College, City University of New York. United States.

)

Professor of Science Education, specialised in the professional development of science teachers. He obtained his
Ph.D. in Science Education at the University of Illinois at Urbana-Champaign.

He has taught courses in science education at pre and postgraduate education level, and supervised students,
of nationally and internationally school-based teachers, apart from leading the educational science programs for
scholar districts of New York City. He also worked for the City College of the City University of New York.

He has collaborated with the Department of Education of New York and nationally in the US with schools

and scholar districts to develop its programs of education in science and to implement inquiry based science
education in the classroom.

He is a member of numerous councils and consultant of teaching and learning in science. He has participated in
several panels as well as visit teams of the National Science Foundation.

Jorge Alejandro Neyra Gonzalez
Subsecretary of Basic and Normal Education of the State of Mexico. Mexico.

He holds a degree in Political Science and Public Administration at the Autonomous University of the State

of Mexico (UAEM), with specialized courses in Education, Administration, and Leadership by the New Mexico
University, in electoral studies by the Metropolitan Autonomous University and the UAEM. He is currently
studying a Master in Administration with a specialty in Senior Management in the in the College of Postgraduate
Studies of Mexico City.

From February 7, 2013, he works as Assistant Secretary of Basic and Normal Education of the State of Mexico.

He was the General Director of High school in the State of Mexico from 2008 to 2013; General Director of

the Electoral Institute of the State of Mexico 2004-2005; he was Executive Member of the District Boards and
President of the 34 and 04 District Councils with a seat in Toluca and Villa Nicolas Romero of the Federal Electoral
Institute in the period of 1994-2004. He has been awarded for conferences given in academic and political
institutions about education, electoral-political topics, oratory and political debate.

Cristina Aguilar Ibarra
Subdirector of Mathematics and Natural Sciences Tests of the National Institute for the Assessment of Education
(INEE). Mexico.

Teacher of elementary school, graduated from the National School of Teachers; she is also a High school teacher in
Biology. She holds a Master degree in Education at the Latin American Institute of the Educational Communication
(ILCE) and Doctoral studies in Educational Assessment at Anahuac University.

Member of the founding team of the General Board of Assessment of Education at the Mexican Ministry of Pulic
Education (SEP), institution in which she has worked as Coordinator of the Natural Sciences area in assessment
projects for basic, secondary and normal education. She was also head of the Department of Contents and
Methods at SEP and Director of Education in the National Population Council. She is the author of several
educational materials about the didactic of natural sciences, education in population and sexual education. Since
2003, she works at the National Institute for the Assessment of Education (INEE), in which she has performed, first as
Coordinator for the elaboration of the EXCALE or examinations of the quality and the educational achievements of
Natural Sciences and, currently, as an Subdirector of Maths, and Natural Science tests.
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Maria Figueroa
Dean of Education of Externado University of Colombia. Colombia.

:

Biologist by the University of the Andes with a Master degree in Education in Sciences by the Teacher's College
of Columbia University. She holds a Doctorate in Education with an emphasis on assessment, by Stanford
University. She did a research to compare learning in students who participate in inquiry based science teaching
programs with students who participate in other programs.

Since 2001 and until 2006, she served as Coordinator of teachers' training at Little Scientists Program in
Colombia. He is currently the Dean of Education in the Externado University of Colombia, and advisor in the
Institute for Assessment of Colombia, in several projects.

Patricia Rowell
Emeritus Professor in Science Education, University of Alberta. Canada.

Patricia Rowell is an emeritus Professor in Science Education at the University of Alberta in Canada.

She holds a Bachelor degree and a Master degree in Biochemistry of the University college, London and Oxford
University. In addition, she holds a Ph. D in Science Education at the University of Alberta.

With USAID, was designated Senior Technical Advisor of Namibia's Government for two years, with the
responsibility to develop the science curriculum for primary schools.

As a member of the Working Group of the InterAcademy Panel Working Group on Science Education, has
collaborated with an international group of science educators and academics to support Inquiry Based Science
Education (IBSE) in developing countries. Through an invitation from Chile Government, she was a member of the
International Assesment Team of the Science Program based on Research on that country, together with professors
Harlen and Lena, she also collaborates with the Centre for Research in Learning Science at Southeast University in
Nanjing, which promotes a reform in primary science education.

Reyes Tamez Guerra
Autonomous University of Nuevo Ledn. Mexico.

Reyes Tamez Guerra graduated as Chemical Bacteriologist Parasitologist from the Autonomous University of Nuevo
Ledn (UANL) and held a Master's degree and a Doctorate in Science with specialty in Immunology at the National
School of Biological Sciences of the National Polytechnic Institute (IPN). At the UANL he had different positions, such
as: head of the Immunology and Microbiology Department, Director of the Faculty of biological sciences, General
Secretary, and Rector of the University.

In relation to education, he worked as a member of study and cooperation from the Latin American Union of
universities (UDUAL), President of the Northeast Regional Council and member of the National Council of ANUIES
(1996-2000). Among other public positions, he was head of the Mexican Ministry of Public Education (2000-2006),
and on 2007 was head of the Ministry of Public Education of Nuevo Ledn.

He has also been a member of the Evaluating Committees of Scholarships and Research Projects of the Direction of
Scientific Development of CONACYT and member of the Board of the same institution.

He was a counsellor at the Commission of Planning of Senior Education (COEPES) of Nuevo Le6n and alternate Vice-
president of the Inter-American Organization in Canada.

He is currently a full time Professor of the Autonomous University of Nuevo Ledn.
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Armando Loera Varela
Heuristica Educativa. Mexico.

Bachelor in Philosophy by the Autonomous University of Chihuahua and Master in Education by Harvard University.

He has been Professor of the Institute for the Social Development of the Inter-American Development Bank in
Washington D.C,, of the Alberto Hurtado University of Chile and the Technological and Graduate Studies Institute
(ITESM) - Campus Chihuahua.

As a researcher, he was part of the Institute for International Development of Harvard University; he was responsible of
the coordination of the Research and Academic Development of the Education Department of Chihuahua Government.
Since 2001, he directs the Heuristica Educativa team, conducting studies for the Mexican Ministry of Public Education,
BID and UNESCO.

He has been Advisor of the National Pedagogical University and consultant for UNICEF, Global Bank, BID, among other
institutions. He is currently doing a comparative study about teaching maths and science in the Dominican Republic,
Paraguay and Nuevo Ledn. He also supports as a consultant to the Enterpreneurs Foundation for Basic Education in
Mexico (ExEb), where he has published (along with Esteban Garcia Hernandez and Oscar Cazares Delgado) books about
his model of schools accompaniment: "The learning-centred teaching" and "Learning-centered school management".

a Lee Yee Cheong

\ - President of the Council of the Science Education Program, IAP. Malasia.
.-*

Electrical Engineer at the University of Adelaide. He was part of the National Board of Malaysia's electricity until
1980. Subsequently, he was Director and Executive Director of Tenaga Ewbank Preece (M) Sdn Bhd (TEP) until 2002.
He is Director of UMW Holdings Berhad.

Member of the Energy Commission of Malaysia.

He is an assessor of the Ministry of Science Technology and Innovation of Malaysia, founder of the General
Secretariat, Vice President and Treasurer of the Science Academy of Malaysia (ASM), founding member of the inter-
academic board of sciences academies of the world and a member of the Academic Council of the World Economic
Forum (2001-05).

He is the General Secretary of the Federation of the academies and science associations of Asia (FASAS) and the
founding President of the engineering and technology Academy in Asia (AAET).

He is a member of the Australian Academy of technological Sciences and Engineering, and a member of the
engineering Pan-American Academy. Dr. Lee was recognized by the Malaysia Government with DPMP and KMN
awards for his engineering work.

He was appointed honorary official from de Australian Order (AO) for his contributions in the strengthening of
relations between Malaysia and Australia.
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Ubaldo Avila Avila

Subsecretary of Basic and Normal Education of Zacatecas. Mexico.

Normalist Proffesor since 1981, working as rural multigrade teacher until 1988.

He studied at the Normal Senior School in Durango with a specialty in Natural Sciences. Teacher of Biology,
Physics and Chemistry in technical secondaries from 1988 to 2004.

Speaker of Experiences in rural school and multigrade groups in forums in 1990 and 1991. He studied a master
degree in Education.

He has been working in the public sector in the Secretariat of Culture and Education at the regional level with
different responsibilities.

He has occupied several spaces of popular choice, among which stood out as Local Deputy of the LVl and LIX
legislatures of Zacatecas State. Since 2010 he is the Subsecretary for Basic and Normal Education in Zacatecas,
taking responsibility to coordinate and follow-up educational actions in education initial, preschool, primary,
secondary and normal schools.

Arturo M.Fernandez Pérez
Rector of the Autonomous Technological Institute of Mexico (ITAM). Mexico.

Arturo Manuel Fernandez Pérez holds a degree in Economics from ITAM; a Master degree and Ph.D. in Economics
from the University of Chicago, he got second place in the national Prize of Economy on a level-research, BANAMEX
in 1987. Director of the Technological Autonomous Institute of Mexico from 1992 up to date.

He has been coordinator of advisors of the Secretariat and Coordinator of the Economic deregulation program,
Secretariat of Commerce and Industrial Development (1989-1991); General Director of Academic Division in
Economics, Rights and Social Sciences of the ITAM (1987-1989); Head of the Academic Department of Economics,
ITAM (1983-1986); Advisor at SHCP, (1983); Member of the Administration Council of Pefnoles Industries, S.A.B. de
C.V,; National Provincial Group, S.A.; El Palacio de Hierro, S.A.B.; Mexican Values,Brokerage House; Financial group
BBVA Bancomer, S.A.; FEMSA; Bimbo, S.A.B. de C.V,, and Fresnillo, PLC.

Jon K.Price
Director of INTEL's Research and Assessment Program. United States.

He is a graduate of the University of New Mexico, the Harvard Graduate School of Education and received his PhD in
Education from the Texas A&M University College of Education.

He has been managing the education technology program evaluation efforts for Intel global education K-12
education initiatives since 2003. In 2008 his responsibilities expanded to include additional research and evaluation in
to how effective integration of technology in to multiple levels of education can impact teaching, learning, education
reform and economic growth.

Jon Price manages series a rigorous program evaluations in order to ensure continuous, targeted improvement of

all the Intel's educational products and activities. These evaluations take place as a result of research grands from the
Intel Foundation and Intel Corporation for multiple Intel Education initiatives such as Intel Teach, Intel Learn and Intel
International Science and Engineering Fair.
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Daniel Alcazar Roman
Smithsonian Science Education Center. United States.

He obtained the Science Bachelor's degree, in the field of Engineering Sciences at the Lipscomb University,
Nashville in 1999 and the Master degree of leadership in education at the South University of Texas, Houston.
Since July 2012 he is Supervisor of development Curricular in Science and technology of Alexandrias's public
schools

From 2007 until January 2012, he was a specialist in Curriculum and Evaluation of the Independent Scholar
Districts of Houston; from 1999 to 2007 he was a Science Professor and instruction Coordinator at Houston
independent school districts. He has been educational consultant in different places like the Smithsonian and
the Northwest Evaluation Association (NKWEA).

Among the functions related to the management of STEM programs, he has been leader of district educational
reforms, has linked the curriculum and evaluation divisions in State agencies of education, the National Center
for Statistics Education and the Department of Education of the United States of North America.

Among the awards that have been granted are: expert STEM Instructor from the Smithsonian for LASER 2009,
Award for Excellence in Environmental Education in 2007, scholarship for Excellence in Science Teaching by the
Environmental Institute of Houston and the University of Houston, the Nothrop Grumman Foundation in 2006
Award and the Scholarship of Leadership in Science Teaching from the College of Baylor medicine.

Anders Hedberg
President of Hedberg Consulting, LLC. United States.

PhD in Pharmacology form the Medicine School of Goteborg University, Sweden. He has taught and conducted
research in the departments of Physiology and Pharmacology of the Medicine School of the University of Goteborg;
AstraZeneca, Gothenburg, Sweden; Universitatsklinikum Johann Wolfgang Goethe, Frankfurt a/m, Germany;
Medicine School of the University of Colorado in Denver, and the Medicine school of the University of Pennsylvania,
where he completed a three-year Post-Doctoral research scholarship.

For 15 years, Dr. Hedberg was devoted to research and published several papers on the mechanisms of
pharmacological intervention on hypertension, heart failure, thrombosis and myocardial ischemia, holding
positions as: scientist in Chief, leader of the research group and head of section in cardiovascular Pharmacology and
drug discovery in Astra-Zeneca and Bristol-Myers Squibb.

Dr. Anders Hedberg is a former business executive with 30 years of experience in pharmaceutical, Corporate Affairs
and the promotion of science, health and education. In his role as Director of philanthropy area corporate of Bristol-
Myers Squibb, Dr. Hedberg directed the world programme of education of science of Bristol-Myers Squibb (BMS).
From his position Dr. Hedberg established strong alliances between BMS and major national and international
agencies for the teaching of science to government level, private enterprises and non-profit organizations.
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Leopoldo Rodriguez
Member of the Board of INNOVEC. Mexico.

Leopoldo Rodriguez is consultant and Associate to various enterprises. He has been awarded with the Andrés
Manuel del Rio National Chemical Prize in 1988 and the Ernesto Rios Prize in 1997. Among other activities and
posts, he was UNAM professor for 17 years, professor at the Ibero American University and the National Polytechnic
Institute.

He is Immediate Past Chair of the Mexican Directives Association of Applied Research and Technological
Development (ADIAT); Member of the Chemistry Engineering Commission of the Academy of Engineering of
Mexico, and Member of the Innovation for Science Teaching Council (INNOVEC).

He is also Member of the Assistant Council of the National Sciences Resources Center-Washington, D.C.; Member
of the Directive Council of the Mario Molina Center; Member of the Governing Board of CONACYT, Member of
the Development and Technology Energy Sector Commission of SENER and Member of the CENEVAL Chemical
Engineering Technical Council.

% J Guillermo Fernandez de la Garza
| Chief Executive Officer of FUMEC, Miembro del Consejo Directivo de INNOVEC. México.

Electrical, Mechanical Engineer Bachelor, Physics Bachelor from the National University of Mexico (UNAM) and
Engineering Economics Systems M.Sc. from Stanford University. He also coursed the IPADE’s Program for CEOs.
As Deputy Director of the National Council for Science and Technology (CONACYT) he created different scientific
and technological information services for industry, one of those is INFOTEC. He was Executive Director of

the Electrical Research Institute (lIE). Fernandez has been a leading technical advisor to projects at the UNDP-
GEF and has actively participated in several Mexican and international professional organizations such as

the Mexican Association of University Mechanical and Electrical Engineers (AIUME), Mexican Association of
Mechanical and Electrical Engineers (AMIME) and Institute of Electrical and Electronics Engineers (IEEE). He is
Member of the Cross-border Institute for Regional Development (CBIRD), and Member of the Advisory Board of
the National Science Resources Center (NSRC). He has participated as Advisor for the United Nations Educational,
Scientific and Cultural Organization (UNESCO), United Nations Industrial Development Organization (UNIDO) and
International Atomic Energy Agency (IAEA).

The Academy of Science of France has awarded him with the PurKwa Prize 2008, because his enthusiasm in
fostering programs about scientific education for children in Mexico.
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Innovation in Science Education
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