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SMEC VIII 2004 MISSION STATEMENT

The SMEC Conference is an annual event designed to promote the continued
development of a professional community of mathematics and science teachers across
Lebanon and throughout the region. Specifically the conference aims to:

e Provide an intellectual and professional forum for teachers to exchange
theoretical and practical ideas regarding the teaching and learning of
mathematics and science at the elementary, intermediate, secondary, and post-
secondary levels

e Provide a forum for teacher educators and researchers to share their findings
with science and mathematics teachers with a special emphasis on the
practical classroom implications of their findings

e Provide an opportunity for science and mathematics teachers to interact with
high-caliber science and mathematics education professionals from abroad

e Contribute to the ongoing development of a professional culture of science
and mathematics teaching at the school level in Lebanon and in the region

e Raise awareness of science and mathematics teachers about the array of
curriculum and supplemental classroom materials available to them through
publishers and local distributors
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Math Plenary Sessions

Improving the Quality and Usability of Research in Mathematics Education

Edward A. Silver
Chair of Educational Studies
University of Michigan, USA

In the United States there is an unprecedented amount of attention being paid to
research in education. Calls have been made for improvements in educational research
so that scientific evidence and research-based practices can guide educational
improvement. As part of this public and professional discourse on educational
research, mathematics education research has been subjected to considerable critique.
In this talk, I will offer some observations about the accomplishments and shortcomings
of research in mathematics education and a few suggestions about to enhance both the
quality and impact of research in and on mathematics education. Although references
will be made to the current discussions about research in the U.S., the issues raised are
pertinent within the global community of researchers in mathematics education.

(Due to unavoidable circumstances, Dr. Silver’s plenary address was delivered by Dr.
Marjorie Henningsen)

I deeply regret that I am unable to be with you today in person, but I am
delighted that my words and thoughts can be shared with you on the occasion of this
important conference. I hope that circumstances will permit me to participate in person
on another occasion in the near future.

My remarks for this conference are closely related to those I delivered last
month in the opening keynote address at the 2004 Research Presession to the annual
meeting of the National Council of Teachers of Mathematics in the United States. The
ideas in this talk were well received in that venue, and I hope they will travel well
across the bodies of water, time zones, and cultural/societal differences that separate the
U. S. and Lebanon. Although references will be made to the current discussions about
research in the U.S., I think the issues raised here are pertinent within the global
community of researchers in mathematics education.

In the paper I have prepared for this occasion I will try to do three things:
1) Discuss research in mathematics education in light of current debates about the
quality of education research in general and mathematics education in particular, 2)
Make a few suggestions about how we might enhance the research endeavor in
mathematics education in relation to matters of research design and methods, and 3)
Offer some thoughts about how we might rethink issues of research and relevance in
mathematics education research with an eye toward better connecting research to
practice, thereby increasing the potential impact of our research.

Setting the Context
There is little room for doubt that these are exciting times for education

researchers in the United States. Indeed, some might say TOO EXCITING. For too
many years, education research and scholarship has generally been ignored by
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practitioners and policy professionals alike. But that is no longer the case! In fact,
there is a surprising amount of attention being paid to the improvement of research in
education. Many policy makers and some education professionals have called for
greater rigor in educational research so that scientific evidence and research-based
practices can guide educational improvement.

To make this point clearly consider the following quote from the U.S.
Department of Education’s Strategic Plan for 2002-2007:

“Unlike medicine, agriculture, and industrial production, the field of education operates
largely on the basis of ideology and professional consensus. As such, it is subject to
fads and is incapable of the cumulative progress that follows from the application of the
scientific method and from the systematic collection and use of objective information in
policy making. We will change education to make it an evidence-based field.”

Making education more scientific is not a new idea. In her book, An Elusive
Science, Ellen Lagemann has detailed the torturous history of education research. She
notes that, since its inception about 100 years ago, education research has met with
skepticism because it appears to be unscientific in comparison to research in physical
and biological domains. Indeed, education research has rested on a foundation of work
in the social sciences, such as psychology and anthropology. Yet the validity of the
social sciences themselves as scientific enterprises has been debated numerous times in
the past century. Efforts to cast education research as a scientific field have been
challenged almost continually, both from within and from outside the field. As a
consequence, education research does not hold high status in the academic community,
nor is it viewed as persuasive in political debates.

Although efforts to make education more scientific have occurred at other times
in the past, it has never before been the case that the demand for scientific evidence and
research has come from OUTSIDE the research community -- from the policy and
practice communities.

In response to our suggestions regarding improvements to existing programs
and practices in mathematics education, members of these communities are
increasingly asking us, “Where’s the evidence? Does it Work?”

Because of the current emphasis on students’ mathematics achievement
resulting from the annual testing required by federal legislation in the United States,
research in mathematics education has been the subject of considerable scrutiny.

And the feedback is not very good. Many in the policy and practice
communities have criticized research in mathematics education as inadequate to the
task of guiding their work.

For example, Rod Paige (the U. S. Secretary of Education) and Russ Whitehurst
(director of the Institute for Educational Science, the new agency that is responsible for
education research within the U.S. Department of Education) have both noted that “the
research base in mathematics education is thin (when compared with research on
reading). What research in this field provides is mostly educated guesses rather than
strong direction.” To underscore this point, Phoebe Cottingham, one of the
commissioners at the IES recently proclaimed that the research knowledge about
teaching mathematics is “pathetic” — she went on to say “we have no basis for making
decisions abut programs, our policies, even what teachers do or what kinds of materials
they use.”

Policy makers in Washington DC are not the only ones who find research in
mathematics education (RME) to be lacking. The current pressure on educational
practitioners to produce scientific evidence to justify their work has caused many to
have greater interest in education research. Unfortunately, they do not consistently find
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what they need in what we now have to offer. And it is not at all uncommon to hear
practitioners lament that RME is simply too theoretical — disconnected to the problems
of practice that they face.

Thus, many policy makers and practitioners appear to agree that RME has not
succeeded in developing needed knowledge to guide policies and to improve practice.
To these folks who are our critics, I say, “Yes, you are right!” It is clear that we need to
improve our research and enhance our research knowledge base if we are to succeed I
providing sound guidance for policy and practice related to the teaching and learning of
mathematics.

But to those in the RME community who think that the criticisms of
policymakers are overstated and off the mark, I also say, “Yes, you are right!” In that
spirit, I’d like to propose a few examples which show that RME appears to have much
to offer, though much of what we have to offer is apparently not in a form that is
readily usable by policy makers and practitioners.

The first example is the existence of a solid research base for instruction in early
number.

Adding It Up, a publication of the (U.S. ) National Academy of Sciences,
represents the culmination of a lengthy review of research literature on elementary
school mathematics learning and teaching completed by a panel comprised of
mathematicians, psychologists and mathematics education researchers. This multi-
disciplinary panel reviewed hundreds of studies and identified a critical mass of
research evidence that met all of its criteria: relevance to important problems/issues,
soundness with respect to research methods, findings and conclusions that could be
generalized beyond the bounds of a particular study, and sets of findings that converged
in consistent ways toward clear conclusions.

As another example, I would argue that we have, over the past 25 years or so,
accumulated a rich understanding of mathematics in action — in the process of solving of
mathematics problems, in the activity of adults and children in school and out of school,
and in the interactions among students and between students and teachers in school.

Yet another example is the progress made in establishing the value of learning
mathematics with understanding — the importance of prior/informal knowledge, the
inflexibility and disconnectedness of knowledge that is acquired without understanding,
and the robustness and coherence of knowledge that is acquired with understanding.
Even Russ Whitehurst — one of the most vigorous critics of RME -- concedes that the
importance of learning with understanding has been amply demonstrated in our
research!

I have no doubt that many of you could generate additional examples to add to
my three.

And so we see that: “Yes, indeed, both groups are right!” As proud as we can be
of our accomplishments as a field, there is also little room for disagreement that the
quality of education research needs to be enhanced. As much as we might want to shrug
off the comments of our harshest critics as uninformed and biased, there is no doubt
that there is also just enough validity to their critique to suggest that we would be wise
to find new ways to address the perceived shortcomings of research in mathematics
education.

In the remainder of my talk I want to share some of my thoughts about how we
might respond to this critique and the challenge it represents. I will focus on two key
elements in the current critique: 1) research design and methods and 2) research
relevance and usability. Each will be discussed in turn.
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Research Design and Methods

Seeking a simple way to make education research more scientific, policy
makers in the United States have turned to medicine, especially the compelling model
of medical research offered by the (U. S.) National Institutes of Health (NIH). As a
consequence, one now hears frequent calls for education research that meets the so-
called gold standard of research supported by the NIH; namely, double-blind,
experimental designs with random assignment to clinical trials. According to the
current prevailing view among policy makers, educational progress will not be made
unless and until we have this kind of research in hand to guide decisions.

To those who say that randomized clinical trials (RCTs) might help us generate
needed knowledge in the field, I say, “Yes, you are right!” But to those who are
skeptical about the value of this model of scientific evidence for education, I say, “Yes,
you are also right!”.

There are many reasons one might offer for being skeptical about this proffered
solution to the problems faced by education research. I will mention just a few.

First, as Howard Gardner recently noted in an essay that appeared in Education
Week, this scientific model does not account for the development of many excellent
educational programs around the world, ranging from the Reggio Emilia preschools in
Italy to colleges and universities in the United States. These educational programs are
not based in any rigorous way on the kind of scientific evidence in current demand.

Second, as David Berliner recently observed in an article in the Educational
Researcher, there are many views of science and scientific inquiry, and by at least some
of these views, educational research may be the “hardest science of all” because it must
deal with complex contextual elements and interactive human concerns. “A science
that must always be sure the myriad particulars are understood,” Berliner argues, “is
harder to build than a science that can focus on the regularities of nature across
context.” Berliner’s point about the diversity of sciences is important, especially when
one considers the growth of scientific knowledge in fields such astronomy or geology,
which are fields in which experimentation of the sort done in medical studies is hardly
possible. Knowledge grows in these scientific arenas through a combination of theory
development and empirical observation not unlike what we do in some of the best
education research.

A third reason to doubt the wisdom of a wholesale adoption of the medical
model is that medical research, even when done well, is often not conclusive, either
because of conflicting findings or because of the impossibility of conducting definitive
experimental studies. Consider, for example, the medical evidence currently available
to middle-aged women regarding the efficacy of hormone replacement therapy or the
necessity of annual mammograms. Moreover, even when evidence is available, it is not
always used by medical professionals in clinical practice, as is evident from a recent
study of care provided to Medicare recipients. That study, published in the Journal of
the American Medical Association, found on average that patients had less than a 75
percent chance of receiving the appropriate, proven treatment their condition required.
Thus, it seems that medical research also suffers a disconnection from the world of
practice, which has, of course, also been a longstanding critique of education research.

And the last reason I will mention as a cause for skepticism is the fact that the
current attraction of policymakers to scientific evidence appears to be selectively
applied. It is difficult not to be cynical when the policy makers call for greater scientific
integrity in education research and then appear to distort scientific research findings to
support the policies of the current administration. Moreover, they to turn a deaf ear to
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scientists as they make a compelling case for federal support for stem cell research,
environmental controls, and other ventures that clash with ideological perspectives and
political goals of those in power. Even as demands are made for education research to
become more scientific, more than one national repository of research reports and
information has been purged, thereby inhibiting current and future researchers from
exhibiting one of the hallmarks of good scientific inquiry -- building a cumulative base
of knowledge. As government officials promulgate that an educational innovation
should not be used on a large scale unless and until scientific evidence shows
conclusively that it works; at the same time, spend large sums of money are spent to
support programs with little or no evidentiary support.

What unites all these examples of seeming incongruity is a rhetorical preference
for science but an action-oriented preference for ideology among the group of
politicians and policy professionals who currently control the decisions. As a
consequence, many in the field of education research now worry that ideology and
orthodoxy rather than scientific quality and integrity will guide decisions about who
receives federal funding for research and development. Such fears are not groundless;
some projects with questionable leadership and flimsy premises, but which are deemed
to be ideologically appropriate, have been funded without rigorous peer review.

Ironically, many of the politicians who now demand experimental evidence
based on randomized trials that control for or ignore variations across contexts are the
same ones who argue for the importance of local (rather than federal) control of
educational decision making because of the need to attend to the nuance of local needs
and preferences.

As tempting as it is to greet with cynicism the current policy initiatives
regarding education research, we would be wise to consider other responses as well.
To make my point, | want to tell you about a book that I recently enjoyed reading.
Being fond of puzzles and word play, | was attracted to Ella Minnow Pea, a novel by
Mark Dunn .

Ella, the main character in this book, is a girl living on a small island off the
coast of North Carolina. This fictional island is famous for only one thing — it was
once the home of Nevin Nollop, author of what is arguably the most famous English
language pangram, a phrase containing all the letters of the modern English alphabet:
“The quick brown fox jumps over the lazy dog.”

In a central location in the main town on this island is erected a statue to Nollop.
High above the monument is a structure to which are affixed tiles, each containing one
letter, that spell out the most famous of all sentences to the residents of the island.

The novel’s story line evolves as tiles progressively, yet mysteriously, fall from
the tower. The community leaders interpret this as a signal that the letters are no
longer useful. When a letter falls from the tower, it is banned from use. Because the
residents of the island communicate quite frequently by writing letters, the reader of
Ella Minnow Pea is able to see the linguistic impact of the removal of letters from the
available alphabet. The novel is thus quite enjoyable because of the author’s deft
treatment of language, as residents engage in a relentless search for synonyms and
alternate modes of expression that avoid the use of banned letters.

But the novel is also an allegorical tale of the effects of censorship and civil
disobedience on a community. Some residents report their fellow citizens for violations
of the decrees and struggle to align their behavior to the new and oft-changing norms;
whereas, others endeavor to resist the oppression imposed upon them and to restore
their right to free expression. | will resist the urge to reveal here the dramatic (and
pangrammatic) ending!
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So, now you are asking, “What does Ella Minnow Pea have to do with research
in mathematics education?” Yes, you are right to ask this question! And I will tell you.

The analogy may be a little strained, but one might argue that researchers in
mathematics education have in recent decades erected a monument to qualitative
research methods and non-experimental modes of inquiry.

As a professional colleague in a field other than mathematics education recently
observed, “These days it seems that mathematics educators are a bunch are
quantitatively competent individuals who are determined to conduct only qualitatively
oriented studies.” Although this characterization may be overstated, it does reflect a
discernable shift in perspective in our field that has occurred over the past 25 years.

This shift to qualitative modes of inquiry occurred in large part as a response to
the perceived inability of classical experimental and quasi-experimental research
methods and modes of inquiry to ask and answer the questions that seemed to be most
important. Researchers wanted to know more than whether a treatment worked; they
also wanted to know how it worked, why it worked in some cases and not others, and
they wanted to know about a range of issues that were apart from specific instructional
treatments and interventions. It is very important that we remember this as we are
pressed to return to experimental designs intended to answer the question, “Does it
work?”

There are many related questions that qualitative research designs and methods
allow us to ask and answer, such as
Unpacking just the first two, in the case of an instructional intervention such as a set of
curriculum materials for students, we can see the complexity that is embedded in the
seemingly simple question that policy makers want us to be answer: Does it work?
What is “it” & what does it mean to “work?”

The historical turn toward qualitative modes of inquiry is strongly associated
with significant advances in our knowledge over the past several decades, such as those
mentioned earlier in my talk: a rich understanding of mathematics in action and
establishing the value of learning mathematics with understanding.

Despite the good reasons for the rise of qualitative research methods of inquiry
in our field and many advances in knowledge that we can point to as a consequence,
recent promulgations by policy makers in the United States suggest that tiles are
beginning to fall from our qualitative research tower. Because research in mathematics
education is seen as inadequate and unable to guide educational policy and to provide
strong, credible direction for improved educational practice, decisions about the
funding of educational research are increasingly being influenced by this call for a re-
turn of the field toward experimental modes of inquiry.

Although, as we have seen, there are many reasons to be skeptical about both
the intentions and the wisdom of those who are pressing the field in this direction, there
is also much that we might gain from treating this pressure from outside sources as an
opportunity to inspect our work and revitalize our field.

We would be wise to examine carefully the research designs and methods we
employ and note that issues of deep concern to the field of mathematics education can
be studied using quantitative as well as qualitative approaches. We should remind
ourselves, as well as those who criticize our work, that both qualitative research
methods and quantitative research methods can and should be applied rigorously. And
we should examine the research training provided in our doctoral programs and infuse a
new emphasis on the conduct of high quality research.

If we are honest with ourselves, we will acknowledge that all is not well in the
land of qualitative research in mathematics education. If RCTs constitute the gold

= =
WOl SMECVIII 12




standard in the quantitative research world, then ethnography would arguably be the
gold standard in the qualitative research realm. A sober assessment of progress to date
suggests that we are far from meeting this standard in most of the work done in our
field. We face a number of challenges.

Although qualitative designs and methods abound in dissertation studies, the
quality of preparation to conduct rigorous qualitative research is far from adequate. As
a recent survey of U. S. doctoral programs in mathematics education revealed, many
institutions in my country offer a doctorate in mathematics education, yet only a small
number of these have the capacity to deliver high quality preparation in qualitative
research methods.

During my term as editor of JRME, I can say with assurance that abuses are
common in the application of grounded theory and case studies in articles submitted by
novice researchers in our field. And among more seasoned researchers, the number of
folks prepared to provide rigorous reviews of qualitative studies is very small when
compared to the number who indicate that they are able to do so when filling out the
reviewer information form.

The corresponding story for quantitative research designs and methods is also
not consistently uplifting. Too few of our doctoral programs insist on and provide
adequate preparation in an increasingly sophisticated set of quantitative data analysis
techniques. This must change if we are to keep our field vibrant. It is easy to forget
that the first generation of scholars in our field who moved into qualitative research
endeavors did so with a solid foundation in the quantitative methods. We owe it to the
next generation of researchers to equip them with solid training in a wide range of
methods so that they will be able to attack the questions that matter most in ways that
generate informative and credible evidence. We also need more individuals who
understand sophisticated quantitative research methods so that they can review for
JRME!

In the spirit of Ella Minnow Pea, we should look for ways to add more tiles to
our collection, using them creatively in our individual and collective endeavors, even as
we resist the efforts of some to restrict our use of the fallen tiles.

We would be wise to remember what our research advisors surely taught us in
our formative years as scholars of educational research — choice of research methods
should follow from (rather than precede) our choice of research questions, and they
should be applied with care as we make and warrant data-based claims.

We should seize the current interest in scientific quality in our work and turn
this into an opportunity to examine the quality of our research methods and the care
with which we make and warrant claims in the conduct of both quantitative and
qualitative research. We should do this not because policymakers are forcing us to do
so in order to obtain funding, but rather because it is critical to maintaining the vitality
of our research field. We should examine the research training provided in our doctoral
programs and infuse a new emphasis on the conduct of high quality research. We must
ensure that the next generation of professionals in our field is better prepared to meet
the challenges of high quality education research.

I am talking about something that will be hard to do. It will be a challenge to
work with colleagues in other subfields of education and with specialists in research
methodology to develop the courses and experiences needed to help students learn to
assume different epistemologies and become proficient in using different methods so
that they can formulate and answer questions of educational importance. This is a much
harder task than merely having our doctoral students come to “appreciate” other forms
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of scholarship. Nevertheless, this challenge looms as a major one for us to address in
the coming years.

It is counterproductive for us to view the quest for high quality research as a
competition between advocates for or against particular research paradigms and
methods. It is unwise — for those of us who conduct research in mathematics education
as well as for those who criticize our research — to allow ideology to dominate
judgments regarding quality and usefulness. What is needed is a deliberative process of
examination and inquiry rather than preemptive proclamation, ideological isolation, and
destructive demagoguery.

David Berliner recently argued that: “promoting debate on a variety of
educational issues among researchers and practitioners with different methodological
perspectives would help both our scholars and our government to make fewer errors.
“Limiting who is funded and who will be invited to those debates is more likely to
increase our errors” (p.20).

Through an open process of deliberation and debate about the quality, as well as
the qualities of education research it should be possible to develop what Feuer, Towne
and Shavelson (2002) call a scientific culture of education research within a community
of education researchers and practitioners. Thus, they argue, the current demand for
scientific evidence in relation to educational practice might be a catalyst for the
improvement of the education research enterprise through the development of a “shared
core of norms and practices that emphasize scientific principles.”

This is a unique moment of challenge, and perhaps opportunity, for those who
conduct research on mathematics teaching and learning. In addition to examining
critically the portfolio of research designs and methods we employ in our work, I want
to turn our attention also to the matter of relating our research to practice in
mathematics education.

Relating research and practice is a very special matter for me. As [ end my term
as editor of the Journal for Research in Mathematics Education, I am reminded once
again of how rare JRME is among major educational research journals. It is one of very
few published by an organization whose membership consists primarily of teachers at
the pre-college level. JRME is also rare in the portfolio of publications produced by the
National Council of Teachers of Mathematics (NCTM). The intended target audience
for NCTM's other journals and most of its books is teachers and those who work to
prepare and support teachers in their work. In contrast, although JRME also contains
research reports that could be of interest to practitioners, especially in the face of recent
calls for research-based evidence, the journal's primary target audience is researchers.
This unique situation offers many opportunities, yet it also poses some challenges for
us to think about the relation between research and practice.

This is, of course, also not a new theme. Discussions germane to this topic can
be traced back at least as far as the turn from the 19" to the 20™ century. Despite the
good faith efforts of many along the way, we find ourselves today facing critique from
policymakers and school professionals that research in education (and mathematics
education is no exception) is not helpful in guiding practical decisions related to setting
education policies or modifying extant educational practices. In a recent article in the
Educational Researcher, High Burkhardt and Alan Schoenfeld, two respected members
of the mathematics education community, commented on the lack of application of
most education research, but they suggested that the situation could be changed and
offered a number of suggestions that I commend to you attention.

Tonight I also want to underscore the importance of reducing the gulf between
research and practice, and I want to suggest what I hope will be a somewhat novel
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approach to accomplishing this goal. To do this I want to consider briefly four
metaphors that are used in discussions about the relation of research and practice. The
four are the Pipeline, Border Crossing, Jeffersonian Endeavor, and Pasteur’s Quadrant.

To these four -- each of which highlights some important aspects of the problem
we face in this endeavor — I will add a fifth — a particular Saturday Morning Radio
Program -- that is not yet so commonly used in professional discussions. But I hope you
will agree with me that it might be useful nevertheless.

First, the pipeline. This is perhaps the oldest of all metaphors for the relation of
research and practice. It refers to the process by which research moves into applied
settings via research publication (or some other form of dissemination, such as a
newsletter summary or a published curriculum or other product that embodies the
essence). This metaphor suggests a clear pathway from basic research to applied
practice. Many have commented on the limitations of this approach, yet some version
of it remains widely used and still appears to dominate the responses to queries about
impact when individuals submit proposals to NSF or other funding agencies.

When bodies of research knowledge accumulate, the pipeline can be a
reasonable portrayal of the movement of this corpus of knowledge in an area into
policy or practice. In our world, one might argue that the pipeline describes fairly well
the process by which the aggregated knowledge obtained in many years of research
regarding young children’s development of concepts of number and operation has
found its way into the design of curriculum materials for the early grades.

A second metaphor is border crossing, or its close relation boundary
exploration. International travel provides one experience base from which to think
about the ways in which the metaphor of border crossing might apply to the
relationship between research and practice in mathematics education.

Currency exchange is one phenomenon encountered as one travels between the
United States and other countries. Thinking about currency exchange highlights one of
the challenges faced by those who seek to traverse the border between research and
practice in mathematics education. In the research community, the valued currency is
theory. Theoretical perspectives are central. Work that contributes to the development
or refinement of theory is highly valued.

In contrast, across the border in the land of educational practice, the valued
currency is practical application. Work has value in this community to the extent that it
can be directly applied to the improvement of some important domain of practice --
such as curriculum design, assessment development, or classroom instruction.

Although the residents on each side of the border between research and practice
have different currency valuation schemes, they can productively engage in exchange.
Researchers have much to offer, including theoretical perspectives that might be useful
in framing and describing practical issues and problems, research methods that might
illustrate data-collection practices with practical utility, and findings that possess
sufficient generalizability to support appropriate use in applied settings. Practitioners
also have much to offer, including a set of important issues and concerns that could and
should be addressed in research, a collection of insights gained in and through practice,
and a passionate concern for the improvement of education. The two groups have
much to gain from collaboration in the borderlands between research and practice.

Although we are undoubtedly quite far from realizing the educational research
equivalent of the Euro, which would allow immediate passage across the border with
no need for currency exchange, some have found this to be a good way to think about
how to reduce the gulf between research and practice. The development of a research
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meeting prior to the annual conference of practitioners in Lebanon is one example of
how this might be happening, as is the inclusion on both programs of sessions regarding
teacher-conducted research and the publication of research-related articles in journals
intended for teachers. Also, one might see the considerable interest in video and
narrative cases as illustrations of so-called boundary objects that have value and
meaning to the residents on both sides of the border and around which mutual learning
and productive exchanges can occur.

As progress continues in efforts to promote more border crossing, those who
dwell on each side should seek to understand and respect the world across the border.
In order to succeed, our efforts to traverse the border between research and practice
must reflect an appreciation for and understanding of the culture and customs of those
across the border, thus leading to genuine collaboration and respect.

The third metaphor I will mention briefly is Jeffersonian endeavor. According
to this view, the gulf between research and practice can be reduced by choosing to work
on complex problems that are both socially important and scientifically promising. The
reference to Thomas Jefferson acknowledges his penchant for providing funding for
such ventures during his time as President of the United States and in other policy-
making roles. The exploration of the Northwest Territory in the U.S. is a wonderful
example of a problem that he sought to address by funding the Lewis & Clark
expedition, which not only opened trade routes across the country but also generated
considerable botanical and other scientific knowledge through the collection of soil,
water and plant samples along the journey.

One might argue that several decades of research related to gender equity in
mathematics is a good example of a topic that fits this characterization. Indeed, at an
earlier point in this talk, I might have used gender equity as another area in
mathematics education where we have accumulated a critical mass of usable knowledge
form research. Those of us who have worked on equity-related research in low SES
communities or with underserved populations, and those who are now looking carefully
at the preparation needed by children entering first grade so that they can succeed in
school mathematics, may find this metaphor useful in thinking about how our research
might inform policy and practice.

A fourth metaphor — Pasteur’s Quadrant -- is one that has received considerable
attention in national reports. This is drawn from a book with the same name by Donald
Stokes. The core of this metaphor is a 2-by-2 matrix that crosses two important
dimensions along which research activity might vary. The vertical dimension reflects
the extent to which research activity is oriented toward contributing to the growth of
fundamental scientific knowledge. The horizontal dimension reflects the extent to
which the research is oriented toward contributing to the public good. Stokes discussed
the work of Louis Pasteur — which he calls “use-inspired” basic research -- as
representing an important example of research that was high on both dimensions —
contributing both to the public good (initially in keeping milk from souring quickly and
later in reducing the spread of infection in hospitals) and to the fields of biology and
chemistry. I would be grateful to anyone in the audience who can point me toward
examples in our field that fit this characterization.

The final metaphor I will mention is Saturday morning radio. To help us rethink
and enhance the connection between research and practice in mathematics education.

One Saturday morning radio show that typifies how I feel much of the time
when I interact with practitioners about how research can be used to answer the
questions that concern them is Michael Feldman’s show, Whad’Ya Know?. During my
time as editor of JRME, I received a fair number of inquiries by e-mail or in person
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from folks who wanted to know what research had to say about a great many things,
ranging from the amount of homework that should be assigned to children at various
grade levels to the optimal class size and grouping arrangement for fifth grade to the
effectiveness of after-school tutoring on achievement in first-year algebra.

Most of the time, I found myself echoing the opening lines of Feldman’s NPR
show:

Whad’Ya Know?
Not much. You?

Fortunately, another Saturday morning radio show on NPR offered me a way to
think about improving my situation. Naturally, I am referring to
Car Talk to familiarize those who do not know the show, let me provide a little
background and a brief sample. There are several features of Car Talk that I want to
mention because I think they are critical to my use of this as a metaphor for relating
research and practice.

Responsive to needs of user — helping to distinguish important from trivial and
dangerous from benign
Problem-solving orientation — problem formulation is a major part of the task
Proposed solutions draw on several knowledge types and sources —
formal/abstract/principled knowledge (MIT grads, Wolfgang), practice-based,
experientially derived wisdom (car repair service), and incidental/anecdotal (news
reports, prior callers)

Solutions are not necessarily either complete (much work often remain for the caller
and the ancillary agents that the individual draws upon) or self-contained (much may be
left for further exploration).

There is some measure of accountability (Stump the Chumps!).

Advice is offered with humility and humor.

I offer Car Talk as a metaphor because I think the stance represented on this
show and features I have noted could take us a long way toward addressing core
tensions that impede the usability of our research in practice: tensions between theory
and practice, between disciplinary and professional orientations, and between relevance
and usability.

Mathematics education, and especially research in mathematics education,
occupies a space at the intersection of many other academic disciplines. Sierpinska, et.
al. (1993), noted that our field lies at the intellectual “crossroads of many well-
established domains such as mathematics, psychology, sociology, epistemology,
cognitive science, semiotics, and economics” (p. 276).

An essential characteristic of the field of mathematics education is that its
questions and concerns are those that are deeply tied to matters related to the teaching
and learning of mathematics. As such, the need for ties to other academic disciplines is
obvious. For example, mathematics education is concerned with mathematics; hence it
ties to such disciplines as mathematics itself and to epistemology. It is also concerned
with human learning; hence it is tied to such disciplines as psychology and cognitive
science. And it is concerned with teaching and communication, and the social and
organizational settings in which teaching and learning occur, hence the ties to such
disciplines as semiotics, sociology and anthropology.

Lying as it does within this disciplinary nexus, the field of mathematics
education is able to benefit from the research paradigms and practices in these fields
governing how research questions are framed, how research is conducted, and how
results are reported. There is no question that the field has derived considerable benefit
from these connections, as can be seen by perusing the pages of field’s major research
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journals or research summaries or syntheses. But the connections and benefits come
with an associated cost. In particular, it is sometimes difficult to tell if the research or
intellectual pursuit is directed at an issue or problem of import to mathematics
education or to an issue or problem of greater concern to the associated academic
discipline.

A Tension between Theory and Practice in the Field of Didactics of Mathematics

Mathematics education research is not unique in experiencing an apparent
tension between theory and practice that is related to disciplinary connections.
Educational research in general is subject to considerable scrutiny of its potential to
produce results that can affect educational improvements. The core issue regarding the
balancing of disciplinary-oriented and practice-oriented perspectives has also been
addressed in the context of educational psychology. Writing a decade ago in the
Educational Psychologist, Fenstermacher and Richardson argued that a “dichotomy
between allegiance to the discipline and allegiance to the activity of education troubles
all foundational studies of education, whether philosophy of education, history of
education or the psychology of education.” (p. 49). They discuss status-related
pressures “to be disciplinary” within educational psychology, and ask whether
educational psychology will deploy its disciplinary tools and technigues in a morally
grounded search for better ways to educate, or whether it will continue to perfect its
tools and techniques within its disciplinary boundaries and then sally forth to argue
how education should conform to these improved concepts, theories and research
findings. (p. 53)

If the words “mathematics education” are substituted for “educational
psychology” above, then the issue is likewise posed for our field.

Fenstermacher and Richardson challenge educational researchers to examine
their work with respect to its disciplinary ties and its educational obligations and to
redefine the nature of educational research. Those of us who work in the field of
mathematics education similarly need to consider the issue and decide how our field is
to be defined and how our research inquiry is to be conducted.

One approach to a resolution is proposed by Fenstermacher and Richardson
(1994). They point to a need for forging a common discourse among the scholarly
research community and the educational practice community. In particular, they urge
that we consider the importance of orienting our work toward a discourse community of
educators rather than toward a discourse community of academic researchers. They
argue that this reorientation involves changing the way one determines the problems to
investigate:

If the inclination is towards the discipline, that is where one finds one’s
problems—among the theories, studies, funded research, and questions that constitute
the literature of the discipline. If the inclination is towards education, the problems are
located in practice—that is, in actual attempts to instruct and learn. (p. 53)

The reorientation also involves the way the research problem is framed—that is,
framed in the discourse of educational practice rather than in the discourse of the
academic discipline.

Now, I recognize that many folks have labored long and hard on the problem of
defining RME as a discipline in its own right, and I admire much of this work. What I
wish to point out here is that declaring RME to be a discipline of its own does not
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necessarily resolve the tension between theory and practice identified by Fenstermacher
& Richardson. It merely shifts the tension to new ground.

But what if we made a more radical shift in perspective? Suppose we decided to
take seriously what it would mean for RME to be a profession as well as a discipline.

According to Lee Shulman, all professions appear to share six critical
characteristics. The first is service to society, implying some kind of ethical and moral
commitment to clients — say teachers and other school personnel, in our case.

Second, a profession has a body of scholarly knowledge. Deep familiarity with
that knowledge forms the basis of the entitlement to practice one’s profession.

Third, a professional also engages in practical action. That is, professionals
bring their knowledge to bear on issues of practice.

Fourth, the members of a profession work with uncertainty, a condition caused
by the different needs and the non-routine nature of the problems faced by those whom
the profession serves. The complex world of schools, as opposed to the laboratory,
provides this kind of uncertainty, entailing the need for a professional to develop
judgment in applying the knowledge they possess.

Fifth, is the importance of experience in a profession: the non-routine nature of
the problems of practice cannot be solved or ameliorated on the basis of theory alone
nor by packaged, off-the-shelf solutions; thus, experience that has been reflected upon
becomes the basis for professional action.

Sixth, there is an identifiable professional community, one that shares
knowledge and develops professional standards.

Given these characteristics (which I hope you agree bear an uncanny
resemblance to the features of Car Talk mentioned earlier! It seems clear to me that
RME can be viewed as a profession as well as a discipline. Moreover, if we take this
view seriously, I think that making better connections between research and practice.

To be sure, we need to frame and discuss research in mathematics education in
ways that help practitioners, and even policy makers, to understand it and recognize its
utility in addressing the problems of practice. I hope we can do this with great skill, as
well as with humor and humility!

I want to express my appreciation for your careful attention to this paper and to
the skillful presenter who has undoubtedly rendered my words in a more eloquent
fashion than I ever would have been able to do. I wish you success in pursuing these
ideas to the extent you deem reasonable in further discussion during this conference and
beyond. Ilook forward to chances to interact with those who would like to do so
around these and related ideas.
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Fostering Algebraic Reasoning for All Levels

Ellen Grace, USA
Sponsored by McGraw Hill

Helping students move from mathematical patterns to functions to relationships
thus fostering algebraic reasoning must be a focus at all grade levels. As younger
students work with function tables and older students graph linear equations on the
Cartesian coordinate system teachers see growth in abstract reasoning and logic paths.
Algebraic reasoning is essential for all students as they live in this high-tech world
society and learn to communicate abstract ideas in logical sequences. The language of
mathematics is universal and the logic of abstract algebraic reasoning is a crucial
grammar for this language.
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Science Plenary Sessions

Mediated Modeling for Meaningful Learning of Science

Ibrahim A. Halloun
Science & Mathematics Education Department, Lebanese University, Lebanon
halloun@inco.com.lb; http://www.inco.com/halloun

Modeling theory provides science teachers with pedagogy for structuring course
content and mediating learning activities in ways to help students evolve meaningfully
and efficiently into the realm of science. A scientific theory is structured accordingly
around a few basic models, with each model representing a particular pattern in the
physical world and serving specific functions with regard to the pattern in question.
Under teacher mediation, students go through well-structured modeling cycles. Each
cycle is devoted to empower students with appropriate tools and skills, especially
modeling schemata and schemes, for gradually constructing and deploying a particular
scientific model while regulating their own knowledge about the physical world and the
realm of science. Modeling schemata serve as organizational tools for students to
structure their conceptions meaningfully and practical templates for teachers to plan
and evaluate instruction efficiently. Modeling schemes foster development of tools,
norms and rules of scientific inquiry, especially those of model construction and
deployment. Students reach significantly higher levels of performance in their science
courses under modeling instruction than under other forms of instruction.

Numerous movements have taken place in the last two decades to reform the
state of science education worldwide. Reform has been called for following the
alarming outcomes of local and international research on student knowledge in various
scientific disciplines. Constantly throughout the second half of the twentieth century,
research has been basically showing that traditional science courses of lecture and
demonstration do not bring students up to meaningful understanding of course content.
At best, most students who pass traditional exams do so only because of their capacity
to recall theoretical statements and reproduce problem solving routines that they
managed to memorize by rote and to retain in their memory for only a short time. In the
meantime, research in cognitive science and the philosophy of science has been
providing us with significant insight into expert and novice ways of inquiry about the
real world, and urging us to bridge the gap between the two groups by bringing expert
practices into the classroom. Many educators and concerned groups have in particular
been advocating modeling practices that scientists resort to in their research (cf.
Halloun, 2004, for an extensive list of references).

Modeling theory is originally a theory of science promoted by philosophers of
science and cognitive scientists. This author has been developing it into a theory of
science education for the last two decades. The pedagogical theory can be readily
deployed into mathematics and technology education. It has originally been developed
for physics curricula at the secondary school and college (university) levels (Halloun,
1984, 1994, 1996, 1998a, 1998b, 2000; 2001a; Halloun & Hestenes, 1987). It has
recently been deployed into the broader field of science education (Halloun, 2004).

Modeling theory in science education is grounded in a number of tenets. Some
of these tenets draw on the philosophy of science and are about the nature of scientific
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knowledge and inquiry. Others draw on cognitive and educational research and are
about learning processes in which students ought to get engaged in order to develop
meaningful understanding of science. As discussed in this paper, the theory promotes a
paradigmatic evolution whereby students transcend their naive realism (or common
sense) and evolve into the realm of science (section 1 of the paper). A special attention
is paid for empowering students to structure the content of a scientific theory around a
few basic models (§ 2) of well-defined structure (§ 3) and to develop stable skills of
scientific inquiry (§ 4). The evolution is student-centered, teacher-mediated (§ 5). It is
promoted through learning cycles (§ 6) that are structured enough to keep student
activities and their by-products in line with scientific theory and inquiry, yet flexible
enough to account for differences in students’ initial knowledge state and to allow for
insightful self-regulation. As such, modeling theory has constantly shown its efficacy
when deployed in science education and especially in physics courses at the secondary
school and college levels (§ 7).

1. Paradigmatic evolution

In 1910, Dewey argued that “the future of civilization depends upon the
widening spread and deepening hold of the scientific habit of mind..., [the kind of
habit] that to some extent the natural common sense of mankind has been interfered
with to its detriment...; the problem of problems in our education is therefore to
discover how to mature and make effective this scientific habit” (Archambault, 1974,
pp. 190, 191).

About a century later, and despite numerous similar calls worldwide, Dewey’s
“creed of life” is not fulfilled yet. The reason is partly because, as Dewey argued,
“science has been so frequently presented just as so much ready-made knowledge, so
much subject-matter of fact and law, rather than as the effective method of inquiry into
any subject-matter... a method of thinking, an attitude of mind, after the pattern of
which mental habits are to be transformed” (ibid, pp. 183, 187, italics added).

The transformation Dewey is calling for is, from our point of view, a
comprehensive transformation in student natural paradigms, i.e., paradigms about the
physical world. It is a paradigmatic evolution from the realm of naive realism or
common sense to the realm of science. This entails an evolution of all aspects of
student paradigms, aspects that extend from underlying canons to various conceptions
(concepts, laws, and other theoretical statements), tools and processes, and that
encompass various cognitive factors that affect learning.

Educational research on students’ inquiry and conceptions about the real world
reveals that their natural paradigms have many components that differ significantly
from those of scientific paradigms, and that they are by far not as systematically,
reliably or coherently articulated as their scientific counterparts. This should come of

"A paradigm is, for us, a conceptual system that governs explicitly a person’s conscious experience in a
given situation as follows (Halloun, 2004):

1. It determines the conditions that trigger every voluntary activity in the experience.

2. It sets forth standards, rules and guidelines for choosing and processing all that is necessary for the
reification and continuous evaluation of the activity. This includes selection and analysis of empirical
data when the experience is with physical realities.

3. It provides necessary conceptions, conceptual tools and methodology for conducting the activity
and for refining the paradigm subsequently.

4. It supplies appropriate mnemonics for consciously retrieving necessary means and method from
memory.
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no surprise to us. Students are not afforded in their everyday life, or even at school, the
sort of physical environment or the kind of social interaction that scientists are afforded
in their observatories, research facilities and professional organizations. In this respect,
scientists and students live in different worlds, and the two groups are driven by two
different cultures (Cobern, 1995) of different goals, commitments, concerns and
requirements (Reif & Larkin, 1991).

To each scientific paradigm corresponds a variety of student natural paradigms,
and this, irrespective of the demarcation lines we might draw between various scientific
paradigms. A student paradigm often consists of a mix of components some of which
may be somewhat compatible with modern scientific paradigms, others at odds with the
latter and often reminiscent of paradigms that dominated the pre-Galilean era of
science, and that relied heavily on common sense, perceptual experience (Cobern,
1993; Halloun, 1986; Halloun & Hestenes 1985a; Helm & Novak, 1983; Novak, 1987,
1993).
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Figure 1. Paradigmatic profiles (Halloun, 2004 .
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Iy own natural paradigmatic profile iz currently dominated more by classical scientific realism (CH) than
by modern scientific realism (ME) because my professional experience has so far been concerned more

with CR than with ME. The naive realism (NE) dimension iz mostly about plosical realities that are the
object of seientific fields outasdde moy domain of expertize, and which ] casaally contemplate.

A given person does not necessarily hold a single natural paradigm. In fact, and
as Bachelard (1940) and Mortimer (1995) argued, every human being, whether a
student or a scientist, holds a mix of natural paradigms, some in agreement with science
others at odds with it. These paradigms make up the person’s paradigmatic profile.
Various components of a paradigmatic profile may be at different levels of maturity and
complexity depending on the individual’s personal experience. In this perspective, a
given conception may be confined to a single paradigm, or it may have different
alternatives distributed across different paradigms (Halloun, 2004).

A scientist paradigmatic profile is dominated by two broad dimensions, i.e., two
broad paradigms, one governed by classical scientific realism (CR), the other by
modern scientific realism (MR). We speak of scientific realism because scientific
conceptions correspond to physical realities, and each conception represents a set of
these realities in specific respects and to a certain extent. This does not ignore the fact
that scientists invent their conceptions (just like ordinary people do) in order to
reconstruct, in a convenient way, what they represent in the real world. The viability of
each dimension (CR or MR) is well established by a concerned scientific community
within well-defined scopes and limits of approximation, and the two dimensions
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complement one another in specific respects. A physicist may use a Newtonian model
(from a classical paradigm) to study the motion of a given physical object, and then
shift to a relativistic (modern) model to study the same motion or a similar one, should
s/he desire to significantly improve the precision of the outcomes. In contrast,
paradigmatic profiles of ordinary people, science students of all levels included, do not
have their scopes and limits of viability well delineated, and various paradigms often
overlap one another in conflicting ways. A student might have recourse to a particular
model when studying a given movement (say, a positivist model), and then to a
contradictory model (say, a classical, Newtonian one) when dealing with a similar
movement actually governed, from a scientific perspective, by the same model.

The paradigmatic profile of an ordinary person may be in part underlined by a
philosophy that is somewhat compatible with scientific classical realism, but that hardly
touches on modern scientific realism. Still, no scientific dimension, including the
classical one, can be as important for an ordinary person as it is for a scientist. Hence,
while the profile of a scientist is dominated, to variable degrees, by CR and MR, the
profile of an ordinary person often consists of an unbalanced and incoherent mix of
paradigms governed by naive” realism (NR) or some sort of classical realism (CR). We
refer to the latter mix: (a) as common sense (CS) profile, when there is some balance
between NR and CR, and (b) as naive profile, when it is dominated by NR (Figure 1).
Similarly, a non-scientific natural paradigm is referred to as naive paradigm when
dominated by NR, and as common sense paradigm when underlined somewhat more by
CR than NR. A person with a naive paradigmatic profile is called naive realist.

What corresponds to a given science course in the dimensions of a student
paradigmatic profile (mostly NR and CR) varies in content and size from one course to
another, depending on the nature of the physical realities involved, and on student
familiarity with these realities. The corresponding naive realism dimension often
consists of two parts. The first NR part corresponds to situations where the expressed
naive ideas may be locally coherent in the sense that they may allow apparently
consistent inferences in closely related domains; these ideas may be considered as
viable (with trepidation) when confined to these domains (Reif & Larkin, 1991). Some
of the viable ideas might still be at the level of uncorroborated beliefs, while others
could have already been corroborated in some respects, though insufficiently, in the
student personal experience. The second NR part corresponds to situations where naive
realism could not apply under any circumstance, and where CR could be more
appropriate from a scientist perspective. Like the first part, this one includes
uncorroborated beliefs, as well as other ideas that appear to be duly corroborated in the
student mind but whose claimed evidence is actually unreliable or not conforming to
accepted scientific theory. The NR dimension is thus incoherent, and it often leads to
inconsistent inferences and contradictions.

In contrast, the CR dimension of a student paradigmatic profile consists of ideas

2 A good proportion of naive realists hold, in many respects, a positivist perspective on physical realities,
and believe mistakenly that modern science does the same. They believe that salient features of physical
realities are exposed directly to our senses and that human knowledge, including scientific knowledge,
mirrors the apparent world. Many of them believe, like Mach, that scientists do not admit the existence of
any physical reality unless they can perceive it directly with their bare senses or with some instruments
(“esse est percipi”). Naive realists also maintain that one should, and can, observe physical realities
without any influence of prior knowledge, and this in order to guarantee the objectivity of constructed
knowledge. In this respect, they believe that scientists collect and analyze empirical data in an inductive
Baconian approach, without any a priori hypotheses or any a priori judgment regarding primary (salient)
and secondary (inconsequential) details on which they need to concentrate (Halloun, 2004).
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that are all relatively viable. The size of this dimension by correspondence to a given
science course is evidently smaller for students than for scientists concerned with the
content of the course, and the more remote the course is from everyday life, the smaller
the CR dimension in student profile. Needless to say that viability is not ascertained
here to a high degree of rigor. A component of a student profile is considered “viable”
only to the extent that it is closer to a scientific viewpoint than to a naive one.

The mismatch between student and scientist natural paradigms takes in many
respects the form of a “clash of cultures”. For many students, and especially naive
realists, science looks like a foreign culture that is being forced on them and that can
only be met with resistance (Cobern, 1995). At best, students resign themselves to the
authority of teacher and textbook and learn things by rote only to satisfy curriculum
requirements. They often end up with a sort of cognitive dissonance between what they
learn in science courses and the way they interact with physical realities of everyday
life, a way that remains mostly driven by naive realism. The dissonance is often so deep
that no educational theory or schooling system can ever entirely close the gap between
naive realism and its scientific counterparts. We do not claim that modeling theory can
do so either. In fact, no formal education should even consider a radical paradigmatic
evolution (or paradigmatic shift in the Kuhnian sense) whereby secondary school or
even college students transform their common sense or naive paradigms entirely into
scientific paradigms. A more reasonable credo is to transform naive and common sense
paradigmatic profiles, and not paradigms, into more viable profiles whereby the naive
dimensions (NR in Figure 1) would be significantly reduced in favor of scientific
dimensions (mainly CR in this figure).

Eliminating naive realism (NR) altogether from any person’s paradigmatic
profile would be a far-fetched target for many reasons discussed elsewhere (Halloun,
2004). As suggested by Bachelard (1940) and Mortimer (1995), educators should
instead concentrate on: (a) making students realize the limitations of the naive part of
their profile, and thus (b) the necessity to build up the viable counterpart in the
scientific direction. Modeling theory calls for an evolution of students’ paradigmatic
profiles along these lines, an evolution that significantly reduces the naive realism
dimension and that raises the classical and modern scientific realism dimensions to
realistic levels. These levels, as we shall argue next, correspond to what we call basic
models in any scientific theory that is the object of a science course.

2. Middle-out theory structure

Many cognitive scientists have shown that, in accordance with the theory of
prototypes and basic-level categories of Eleanor Rosch, “categories are not merely
organized in a hierarchy from the most general to the most specific, but are also
organized so that the categories that are cognitively basic are ‘in the middle’ of a
general-to-specific hierarchy... Categories are not organized just in terms of simple
taxonomic hierarchies. Instead, categories ‘in the middle’ of a hierarchy are the most
basic, relative to a variety of psychological criteria” (Lakoff, 1987, pp. 13 and 56). For
example, “dog” is “in the middle” of a hierarchy between “animal” and “retriever”, just
as “chair” is between “furniture” and “rocker” (Figure 2). Categories in the middle are
basic in the sense that: (a) they ensure the best a cohesive structure of human
knowledge of any type, and that (b) they constitute the most accessible, efficient and
reliable building blocks in knowledge construction and deployment.

The middle-out hierarchy extends, from our point of view, from physical
systems in the real world to conceptual systems in the paradigmatic world as indicated
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in Figure 2. Scientific theories provide the “content” core of a scientific paradigm, and

Categories Hierarchy (according to Eleanor Rosch & George Lakof¥)

SUPERORDINATE Animal Furniture
BASIC LEVEL Dog Chair
SUBORDINATE Retriever Rocker
Real World Structural Hierarchy:

SUPERORDINATE Matter Galaxy
BASIC LEVEL Atom Solar System
SUBORDINATE Elementary particle Planet
Conceptual Hierarchy in a Scientific Theory:

SUPERORDINATE Theory

BASIC LEVEL Model

SUBORDINATE Concept

Model Hierarchy:

SUPERORDINATE Emergent model

BASIC LEVEL Basic model

SUBORDINATE Subsidiary model

Figure 2. Middle-out hierarchies.
models are ‘in the middle’ of conceptual hierarchy, between theory and concept. A
scientific theory consists, for us, of: (a) a set of models or families of models, and (b) a
set of particular rules and theoretical statements that govern model construction and
deployment and that relate models to one another and to specific patterns in the real
world. A scientific model is a representation of a specific pattern in the real world. The
pattern may be about the structure or the behavior of a number of physical systems,
systems spread out throughout space and time in the universe. A model is a conceptual
system mapped onto the physical pattern in the manner described in the following
section of this paper. Mapping is done so that the model captures only the essence of
the pattern, essence consisting only of primary features that are salient to the model
function, and not of all details in the systems that engender the pattern. The model may
serve to: (a) describe, explain, and predict (or postdict) the pattern in question, and,
eventually to (b) control or change physical realities exhibiting the pattern, and (c) reify
the pattern in new realities.

The model-centered, middle-out structure of scientific theory ensures theory
coherence and consistency from an epistemological perspective, and it facilitates the
development of scientific knowledge from a cognitive perspective. A scientific model
is to theory and concept what an atom is to matter and elementary particles
respectively. Each elementary particle is essential in the structure of matter, but its
importance cannot be conceived independently of its interaction with other particles
inside an atom. It’s the atom and not elementary particles that give us a coherent and
meaningful picture of matter, and it’s the atom that displays best the role of each
elementary particle in matter structure. Now, Bohr’s model of the atom is essential for
understanding hydrogen-like atoms, and is often referred to as a “model” in physical
science textbooks. However, other scientific models are seldom referred to or even
presented as such, which would give students the false impression that Bohr’s model is
about the only scientific “model”. Furthermore, various concepts and laws are often
presented episodically, one after another in a given chapter, without relating them to
one another in the context of appropriate models, whether implicitly or explicitly.
Students are thus deprived of the opportunity of developing a coherent, model-based,
picture of scientific theory, and they end up with a piecemeal, fragmented picture of the
world. To get a feel of this picture, imagine what your knowledge about physical
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realities would look like should you’ve learned at school that matter consists of
elementary particles and no mention was ever made to you about the atom.

Models in a given scientific theory are, for us, also categorized in a middle-out
hierarchy as shown at the bottom of Figure 2. In the middle of model hierarchy are
basic models. A basic model is one that is simple enough to facilitate student
understanding of fundamental tenets and conceptions (concepts, laws, etc.) of the
respective theory and development of fundamental tools, skills and habits of scientific
inquiry. Yet a basic model is generic enough to serve in the construction of more
complex models in the theory. The set of basic models in Newtonian theory are given
in Figure 3. A student needs to understand the entire set of basic models so that s/he
could meaningfully learn the respective scientific theory, and realize a meaningful
paradigmatic evolution.

At the subordinate level of model categories are subsidiary models. A
subsidiary model is a simplified basic model, a particular case that students may usually
be most familiar with in their everyday life and that can serve as a stepping stone for
the comprehensive construction of the basic model in question. For example, the model
of a particle in free fall (objects falling in vacuum in the absence of any force except for
gravity) is a subsidiary model in Newtonian theory. It serves in the manner described in
sections 5 and 6 of this paper for the progressive construction of the uniformly
accelerated particle model (Fig. 3). At the super ordinate level of model categories are
emergent models. An emergent model is one that may be constructed by putting
together two or more basic models in order to represent a pattern that cannot be
represented by either basic model separately. The model of a bound particle in
uniformly accelerated circular motion is an example of emergent models. It emerges
from combining two basic models in Newtonian theory, the uniformly accelerated
particle model and the bound particle in uniform circular motion (Fig. 3).

Some cognitive scientists, linguists and other researchers have argued that
model-centered epistemology is not restricted to scientific paradigms, but that it
extends to all sorts of human knowledge, and even to that of some animals (Johnson-
Laird, 1983, p. 405 ft.). Bower and Morrow (1990) argue that “we build mental models
that represent significant aspects of our physical and social world, and we manipulate
elements of those models when we think, plan, and try to explain events of that world”.
Meanwhile, Johnson-Laird, Hestenes and others express a more radical position.
According to Johnson-Laird (1983, p. 402), “all our knowledge of the world depends
on our ability to construct models of it”, and according to Hestenes (1995) “we come to
know real objects (their properties and processes) only by constructing models to
represent them in the mind” [italics added]. A more moderate position is expressed by
Lakoff (1987) who argues that we “use cognitive models in trying to understand the
world. In particular, we use them in theorizing about the world, in the construction of
scientific theories as well as in theories of the sort we all make up” (p. 118). “The main
thesis” of Lakoft’s work “is that we organize our knowledge by means of structures
called idealized cognitive models, or ICMs” (ibid, p. 68).
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Free particle
Physical objects subject to no net force (XFj = 0), and thus maintaining constant velocity in any inertial
reference system (a = 0, vV = constant).

Uniformly accelerated particle
Physical objects in linear or parabolic translation with constant acceleration (a = constant) under a net constant
force (ZFj = constant).

Bound particle in harmonic oscillation
Physical objects undergoing periodic back and forth translation (sinusoidal a function) under a net force that is
proportional to their displacement from a center of force (XFj oc Ar). This model is often called simple

harmonic oscillator.

Bound particle in uniform circular motion
Physical objects in uniform circular translation (a = v?/r) under a net centripetal force (SFj oc r/r®) of constant
magnitude.

Particle under impulsive interaction
Physical objects whose linear momentum changes significantly, and almost instantaneously, like in the case of
collision, under a variable net force (XFj = f(t)) exerted for a very short period.

Figure 3: Basic particle models in Newtonian theory of classical mechanics, with an outline of the
translational pattern that each model represents in inertial reference systems.

Particle models refer to physical objects the internal structure of which can be ignored when they are in
translation without rotation or precession, in a specific reference system. Each basic particle model is
made up of a single, dimensionless object: a particle.

In an analysis of categorization data, Lakoff (1987) shows, and Giere (1994)
supports, that human categorization is based on ICMs and not on similarity between
individual features. ICMs not only govern the middle-out hierarchy among categories,
but they also imply similar graded structures within individual categories. In the latter
respect, Giere (1994) argues that models of any scientific theory can be graded with
some basic models in the middle. Giere’s argument supports our position that basic
models are most important to develop the fundamental building blocks of a given
scientific theory and corresponding rules of model construction and deployment. They
thus need to be given special attention in science education.

3. Modeling schemata

The effectiveness of a person’s knowledge and the efficiency with which it is
retrieved for deployment in particular situations depend primarily on the way this
knowledge is organized in memory. That is why we pay in modeling theory a special
attention to the way the content of a science course ought to be structured both in
textbooks and in students’ minds. More specifically we ensure that a scientific theory
that is the object of a given course is structured around a set of models in the most
explicit and systematic way possible. The content of a course would then consist
primarily of a number of chapters each devoted to the formulation of a particular model
along with necessary tools and rules of engagement. The most important of these tools
are organizational tools that we call modeling schemata.

A modeling schema is an organizational template used to ensure that any
conception, and especially a model, is built comprehensively without missing any
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primary feature, and that it is integrated coherently in a given theory, all this in the most
efficient, compact and coherent way possible. It also offers, directly or indirectly, well-
defined rules for evaluating and employing the corresponding scientific conception. In
a sense, modeling schemata are, along with other tools, to meaningful learning of
science what semantics and syntax are to mastering any language. A modeling schema
sets the rules of correspondence of a conception to the real world just like semantics do
with vocabulary. It also sets the guidelines for putting the conception together with, and
relating it to, other conceptions just like syntax in grammar.

Two modeling schemata are especially helpful for teaching science. One is the
model schema; the other is the concept schema. The model schema is a four-
dimensional template. Two of the four dimensions, composition and structure, set the
ontology and function of the model, and the other two, domain and organization, set its
scope, all in terms of the scientific theory that the model belongs to, and by
correspondence to physical realities exhibiting the modeled pattern.

The domain of a scientific model includes all physical realities exhibiting the
pattern in question. These realities are called model referents. A model’s domain can be
delineated by answering questions of the sort:

¢ What physical systems does the model refer to in the real world?

¢ What pattern do these systems share in their structure and/or their behavior?
¢ Under what physical conditions?

¢ Under what limits of approximation and precision?

Model composition consists of concepts representing primary constituents and
respective properties of physical systems, i.e., only those that are salient to the pattern,
along with corresponding depictions. Concepts are mainly of two types. One type
consists of object-concepts (or conceptual objects). They represent physical bodies that
significantly contribute to the generation of the pattern represented by the model. These
may be objects that enter in the make up of each physical system of interest, or agents
in the environment of the system, i.e., physical bodies outside the system that interact
significantly with objects inside. Concepts of the second type are property-concepts (or
descriptors). They represent primary physical properties of objects and agents, and of
their mutual interaction. The composition of a model can be determined by answering
questions like:

¢ What are the primary objects of a system and what object-concepts can represent
them? (e.g., a particle in Newtonian mechanics, a dimensionless object, a point,
that refers to physical objects whose translational motion is not affected by their
geometric properties of shape and dimension).

¢ What are the primary agents in the respective environment and what object-
concepts can represent them?

¢ In what kind of coordinate system can these objects and agents be most
conveniently studied?

¢ What intrinsic descriptors (property concepts) characterize each object? (e.g., mass,
charge).

¢ What state descriptors characterize each object? (e.g., position, momentum and
other kinematical concepts).

¢ What interaction descriptors characterize object-object and/or object-agent
interactions? (e.g., force, field and other dynamical concepts).
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¢ What symbolic, pictorial, diagrammatic, graphical representations can most
conveniently be used to depict all objects and descriptors above?

Model composition is meant to discern between primary and secondary aspects
of a pattern, i.e. between those aspects that need to be accounted for in the modeling
process and those that may be ignored within the considered limits of precision and
approximation. In model composition, primary object and property concepts are only
listed and not related to one another. Model structure spells out relevant relationships
among primary features of the pattern represented by the model. Model structure can be
defined along four sub dimensions, or facets, each dealing with a specific aspect of
model referents in relation to pattern formation. These are the topology facet, the state
facet, the interaction facet, and the cause-effect or causal facet. Each facet is
distinguished conceptually by the nature of descriptors involved and the ways they are
related in space and time. Various relationships are expressed in an appropriate
reference system relative to which the pattern is conveniently identified. Such
relationships come primarily in the form of laws that set the distinctive descriptive
and/or explanatory function of the model. The structure of a model can be generated by
answering questions like:

¢ What descriptive and/or explanatory function does the model serve? (e.g., a
kinematical or a dynamical model in Newtonian Theory).

¢ What geometric structure does the model have? (e.g., none for a particle model
made of a single particle, topography of many-particle models). This question sets
the topology of the model.

¢ What state laws describe best the behavior of each object? (e.g., so-called
kinematical equations of motion, like r(t)).

¢ What interaction laws quantify best the interaction of each object with other
objects and agents? (e.g., Newton’s law of universal gravitation, Hooke’s law).

¢ What causal laws explain best the behavior of each object? (e.g., Newton’s second
law).

¢ What symbolic, pictorial, diagrammatic, graphical representations can be used to
depict all the above conveniently?

Model organization situates a given model in the respective scientific theory. It
establishes the relationship of the model in question to other models in the theory by
answering questions of the sort:

What are the limitations of the model?

What features does it share with other models in the theory to which it belongs?
How does it differ from other models?

What other models complement it in the theory?

Can it be merged with other models to form a new model that answers questions
that cannot be answered with either model separately? If so, how?

* & & o o

Concepts are elementary building blocks of models. They gain their significance
only when used in model construction, and more specifically in spelling out laws,
definitions and other theoretical statements that make up the model structure. In order
to build concepts comprehensively and integrate them coherently into respective
models and theory, the model schema is complemented with the concept schema. This
is a four-dimensional template used for the construction of individual concepts within
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the context of basic models. The four dimensions are scope, expression, organization
and quantification. They are concisely presented below for property-concepts or
descriptors.

A descriptor represents, to a certain degree and within certain limits, a particular
physical property shared by many real world systems or phenomena. It has a domain
confined to the represented property and a particular function (descriptive or
explanatory) depending on the nature of the property. Domain and function constitute
concept scope. A set of correspondence rules establishes viability conditions of the
concept in the real world as well as its utility in the composition of models.

Each concept is expressed in science in a unique, and thus objective, way along
with particular semantics that establish what the expression actually delineates in the
real world or the rational world of scientific theory and paradigm. A mix of verbal,
symbolic, iconic, and especially mathematical forms of expression is commonly used to
communicate any scientific concept. The mix is necessary to come as close as possible
to a comprehensive expression of the concept, since no single form can actually do so
alone.

A descriptor gains its significance only after related to other descriptors within
the contexts of models, and especially basic models. Concept organization sets criteria
and guidelines for classifying a concept and for relating it to other concepts, all along
with appropriate syntactic rules.

A descriptor cannot be scientific unless it is measurable according to well-
defined quantification laws and rules. These set the sort of measurement that the
descriptor can be subject to (nominal, ordinal, interval or ratio), and the means and
procedures one can resort to for determining values of the concept on a certain scale,
and by comparison to a certain standard.

Modeling schemata are as much helpful for science teachers as for students.
They are used for planning and teaching lessons, and for assessing student learning and
teaching practice. Under modeling instruction, the content of a teaching unit is usually
organized around a specific model. Planning and teaching a lesson following modeling
schemata ensure that students develop the model in question (or any necessary
conception) without missing any salient feature. The same schemata can subsequently
be used to develop an appropriate assessment taxonomy that covers all salient features,
and that help logging the evolution of every student.

In the form presented above, modeling schemata are meant for immediate use
more for teachers than for students. They serve as comprehensive templates or check-
lists for planning, carrying out and evaluating instruction, and for putting more
structure and coherence in the presentation of various models, laws and concepts in any
scientific theory. Students need to systematically construct their conceptions following
these schemata, but they need not, at least at the beginning of a course, to do so by
going linearly and explicitly through each of the four dimensions of a given schema. In
fact, a schema and its dimensions should not even be presented as such to students, at
least not freshmen. As instruction progresses, teachers may encourage students to
develop, for each schema, some sort of a flowchart or check-list for comprehensive
model or concept development.

4. Modeling inquiry

The paradigmatic evolution promoted in modeling theory is about both content
and processes. At the epistemological level of knowledge content, it is about schematic
(relative to schema) organization of a scientific theory around basic models. At the
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level of methodology, it is about the development of necessary tools and processes of
scientific inquiry and associated rules of engagement, all of which are set by
appropriate scientific theory and paradigm. The most important processes, from our
perspective, can be classified in two categories: (a) construction of a new model, along
with its validation, in the context of particular real world situations in order to represent
a given pattern in this world, and (b) deployment of an already constructed model for
solving empirical or rational problems.

The two modeling processes, model construction and model deployment,
complement one another and are systematically and progressively developed, along
with necessary tools and rules, through well-structured learning cycles described in § 6.
It is true that model deployment follows chronologically model construction, i.e., it
takes place after a model is being formulated in one form or another. However, model
deployment does not strictly follow from model construction and it does not subserve
the latter. The two modeling processes complement one another with respect to helping
students develop a scientific model as comprehensively as possible, and gradually
evolve into the realm of science. Model construction is not a one-time shot, especially
when it is done in accordance with the model schema. Such schema requires that a
model be constructed in a spiral approach whereby the empirical scope of a model
(domain and function) and its rational weaving (composition and structure) be
developed progressively in the context of empirical and rational situations of increasing
complexity. Model construction proceeds from start, and all the way through, as a
series of inquiry activities in both the empirical world of physical realities and related
data and the rational world of scientific theory and paradigm. As such, the process of
model construction follows the same canons of engagement with the two worlds as
model deployment. On the other hand, model deployment offers learners a more
flexible and effective platform than model construction to consolidate various modeling
tools and rules, including but not limited to those that govern insightful and regulatory
negotiations within and between the rational and empirical worlds (§ 5).

In modeling instruction, students are sometimes called to develop some
prescriptive, generic schemes for modeling inquiry. Such modeling schemes emphasize
the central role of models in all sorts of empirical or rational inquiry, including
traditional problem solving for which the scheme of Figure 4 is devised. The strategy
outlined in this figure starts by analyzing a problem givens (before identifying goals or
reading questions) in order to choose, in an appropriate theory, the model(s) that can
best represent the situation at hand. Once models are chosen, and only then, one can
identify the problem goals in order to pick whatever is necessary for solving the
problem from the model composition and structure, and then represent the chosen
components mathematically in convenient, multiple ways (diagrams, equations, graphs,
etc.). A mathematical model is thereby constructed that will next be processed in order
to reach a solution to the problem. Every step of the way is evaluated by
correspondence to the empirical situation, and in terms of the chosen theory, in order to
ensure the validity and viability of the step. The process ends with a paradigmatic
synthesis that recapitulates all major lessons learned in solving the problem, along with
their implications on deployed models. This may include possible refinement of models
and respective theory. Modeling schemes like the one in Figure 4 are primarily meant
to help students realize that the solution to any problem can be efficiently attained by
identifying (or adducing) at first the appropriate model(s) for the situation. Once the
model(s) identified in a given problem, the answer to any question follows directly
from model structure (provided that one has already developed such a structure
following the model schema).

= =
WOl SMECVIII 33




Model deployment activities are not limited to conventional end-of-chapter
paper-and-pencil problems. They include, like in the case of model construction,
observations in the real world, empirical experiments, thought experiments (a la
Galilée), field projects, case studies, all chosen with a special attention to
interdisciplinarity and designed to provide, every now and then, the opportunity for
team work. Most importantly, deployment activities are not limited to the “application’
of conceptual models in solving empirical problems. They involve a variety of
dialectics within and between two worlds, the empirical world of physical realities and
related data, and the rational world of scientific theory. In other words, model
deployment activities are not confined to exercises of exploratory inquiry as in
conventional instruction, exercises limited to the application of specific theoretical
statements to certain physical or fictitious realities. Instead, activities are diversified so
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Figure 4. Model deployment in an application activity.

as to help individual students develop a balanced diversity of skills pertaining to both
exploratory and inventive research, while they meaningfully realize, and take advantage
of, the potentials of every model in a given scientific theory. As such, modeling
instruction maintains a balance between four categories of model deployment activities.
Each category involves a particular type of dialectics within the rational world or the
empirical world, or between the two worlds. The four categories outlined in Table 1
are: application, analogy, reification, and extrapolation.

Throughout the processes of model construction and deployment, students
develop necessary conceptions, tools and rules in accordance with a number of canons
including the following:

1. All conceptions (from concepts to models) are developed, along with
necessary tools and rules, and to the extent that is possible, in an experiential form.
Experiential knowledge about a physical pattern is knowledge that one develops
through interaction, or rather transaction in Dewey’s sense, with empirical data about
the pattern in question. This is in contrast with traded knowledge that one learns about,
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mostly at face value, from other people, from textbooks or any other medium of
information dissemination.

2. Every conception, tool or rule is developed on a need basis. A new model is
introduced, as we shall see in § 6, only after students realize the limitations of a
previous model(s) and are confronted with a new pattern that cannot be represented by
any model already developed. The same goes for subordinate conceptions (concepts,
laws and other theoretical statements). Any such conception is introduced only when
needed for the construction or deployment of a given model. No conception, tool or
rule is ever introduced for its own sake, otherwise students would see no interest in
developing it and they would fail to consolidate it with the rest of their knowledge. This
would subsequently impede their understanding of the new notion as well as of the
model(s) that make(s) use of it.

Table 1 : Modeling problems taxonomy (Halloun, 2000)

Problem type Required dialectics Objectives

Recognize real world situations that belong to the domain of a model and apply
its composition and structure for the description, explanation and/or prediction
of the state of physical objects in these situations.

Application Empirical — Rational

Develop criteria for establishing the analogy between real world systems
belonging to the domain of a given model (model referents), and apply these
criteria for designing new referents by empirical analogy.

Analogy Empirical —” Empirical

Invent new referents using exclusively a model composition and structure as
conceptual blueprints (e.g., design a physical situation that matches some
mathematical diagrams representing the kinematics or dynamics of a particle
model in Figure 3).

Reification Rational — Empirical

Extrapolation Rational —> Rational Analyze the composition and structure of a given model (or family of models)
in order to refine the model, and perhaps propose new concepts or laws, or
construct a whole new model; predict the existence of some unfamiliar
situations in the real world following a thought experiment or the theoretical
completion of a physical pattern.

3. Every conception is developed progressively within the context of the model
(or set of models) for which it is needed, especially when the conception is as involved
as a law. For example, students progressively develop an understanding of the
functional relationship expressed in Newton’s second law before they come up with the
corresponding formal statement. They do so by exploring physical situations pertaining
to the free particle model and others pertaining to the uniformly accelerated particle
model so that they gradually develop the law from a nominal expression to its formal
expression as shown in Figure 5. As such, students: (a) overcome the paradigmatic
barrier set forth by the mistaken belief that a force is required for an object to change its
position, and (b) meaningfully develop semantic and syntactic aspects of the functional
relationship that the law expresses.
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1. Nominal expression: An object needs to interact with some agent(s) to change its velocity (in direction or
magnitude), and not its position, in a given reference system. In the absence of any interaction, the object
maintains a constant velocity in any inertial reference system.

2. Ordinal expression: When an object interacts with an agent that exerts a given force on the object, the
velocity (or linear momentum) of the object changes in the direction of the force. The bigger the change
of the object velocity in a given time (acceleration) for a particular mass of the object, or the bigger the
mass of the object for a particular change in its velocity in a given time, the bigger the required force.

3. Proportional expression: Under the condition above, the required force is proportional to the object
acceleration and mass.

4. Formal expression: Under the same condition, the required force vector F is equal to the product of the
object acceleration vector a and mass m (F = ma).

Figure 5. Successive forms in which students progressively develop Newton’s second law of dynamics.

4. All tools are developed along with associated semantics and syntax. No tool
is used in modeling instruction under the assumption that students know how to use it,
even when the tool is supposed to be fully developed in other courses. Semantic rules
establish the correspondence between the tool being used on the one hand, and the
empirical world and other representational tools, on the other. They set the norms for
interpreting various elements of the tool or whatever product that the tool may bring
about when used, and this both in the empirical and rational worlds. Syntactic rules
spell out the conditions and guidelines for relating various elements of the tool to one
another and to those of other tools, and for manipulating the tool in specific empirical
and rational contexts.

5. No tool is ever localized or trivialized unless students discover that either is
the case when the tool is put to the test under a variety of contexts. Students are
encouraged to consider whatever tool used by scientists, irrespective of the discipline
into which the tool was originally developed, or of the time at which its development
took place. A tool commonly used in one scientific discipline may be considered for
use in other disciplines. Some long forgotten tool may be reinstated; such tools are
sometimes more efficient than ones that are nowadays being adopted and even revered.

5. Mediated learning

Students are guided to develop conceptions, tools and rules that are necessary
for model construction and deployment in an insightful and regulatory manner.
Teachers mediate the learning process. They provide students with guidance in timely
manner so that students do not wander on their own in futile paths. They constantly
induce students to reflect back on whatever knowledge that they might already possess
and that relates to what they are learning in the classroom. Such reflection is rendered
insightful in the sense that individual students become consciously aware of the
limitations of their own conceptual structures or processes and of the sources of error
when committed, and they explicitly realize what makes scientific realism superior to
naive realism from all perspectives. It is regulatory in the sense that individual students
resolve any incommensurability between their own knowledge, on the one hand, and
scientific theory and paradigm, on the other, and they proceed through a paradigmatic
evolution that meaningfully tames down the naive dimension of student profile in favor
of the scientific (classic or modern) dimension.

In conventional instruction, students are normally conditioned to verbally
reproduce theoretical statements and heuristics in situations typical of, if not identical
to, the ones discussed in class. The whole learning experience is primarily about
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inscription of traded knowledge in student mind, mostly in short-term memory, and
seldom about formation of experiential knowledge. In the process, the student “learns
about the real world from an intellectual distance, by reading about it”, and is being
filled “with information about the world, information that, in true written-word fashion,
is removed from its context, at least to some extent, and represented rather than
experienced directly” (Viau, 1994). Furthermore, students are seldom afforded the
chance to go through a reflective experience whereby they could relate what they are
told and shown in class to their own paradigms, and subsequently regulate a la Dewey
or a la Piaget, whatever “conflict” that might emerge in the process. As a consequence,
students usually memorize by rote various theoretical statements and related problem
solving routines with the only interest of passing course exams rather than learning
something that could be personally relevant and meaningful. Their naive realism
remains entrenched in their minds, and they keep resorting to this realism in their
everyday life and not to what they learned in class, thus ending up with a state of
cognitive dissonance as noted in § 1 above.

Modeling instruction reverses the situation through insightful and regulatory reflection
that involves, among others, dialectics or “negotiation” modes shown in Figure

6. A student often needs to be engaged in all three negotiation modes across all
dimensions of her/his paradigmatic profile (Fig. 1), but especially vis-a-vis the
dimension or paradigm dominated by naive realism. One of the three modes is an
intrinsic rational negotiation, an assessment of internal coherence of a given naive (or
even common sense) paradigm. The other two are extrinsic negotiations. One involves
an empirical assessment of correspondence of a student paradigm to physical realities.
Another involves a rational assessment of commensurability between the student
paradigm and the corresponding scientific paradigm. Depending on whether assessed
paradigmatic components are originally viable (from a scientific perspective), naive or
missing, a negotiation of any type may result respectively in the reinforcement,
modification or replacement of existing paradigmatic components, and/or the
construction of new ones (Halloun, 1998b, 2004). The outcome, in other words,
consists either of the possible transformation of existing viable or naive knowledge or
the formation of missing one.

The outcome of a learning experience is determined primarily: (a) by the model
being developed and corresponding epistemological and methodological requirements,
and (b) by the initial state of students’ paradigmatic profiles. It is then the teacher’s
responsibility to determine what sort of dialectics are most effective for those profiles
to evolve and meaningfully incorporate the model of interest, and what sort of
intervention or mediation is most appropriate to this end.
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In an analysis of research published in the last two decades, Taconis, Fergusson-
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Figure 6. Rational-empirical dialectics for the evolution from the realm of naive realism or
common sense to the realm of science.

Hessler and Broekkamp (2001) found that teaching approaches that improve
significantly student problem solving in science courses share the following three
characteristics: (a) the deliberate intention “to enhance the quality of [students’]
knowledge base”, with a special “attention for schema construction”, (b) “the
availability of external guidelines and criteria.. ., i.e. objective [guidelines and criteria]
provided by experimental set up or the teacher”, and (c¢) “the presence of immediate
feedback”™. The authors also found that “letting students work in small groups does not
improve problem-solving education unless the group work is combined” with all three
features just mentioned. Our modeling approach (Halloun, 1996; Halloun & Hestenes,
1987) came on top of the list of best practices identified by the authors. Taconis et al.
(2001) had also noted that “a considerable part of the teaching experiments over the
past 10 years has been devoted to aspects of learning tasks that are not effective, such
as group work without immediate feedback or external guidelines and criteria”, and that
“treatments focused on the knowledge base have been given comparatively little
interest”. Many educators have come lately to recognize the shortcomings of modern
educational trends that emphasize student-centered environments that are relatively free
from all sorts of structuring. Even some constructivists have come lately to realize the
need “to structure the environment in ways that would lead to a deeper understanding
of science” and to recognize teachers’ pivotal role in the process by admitting that
“until each student respects the teacher and is willing to construct that person as his/her
teacher, there is little point in proceeding with a curriculum that provides students with
autonomy and opportunities to learn through inquiry” (Seiler, Tobin & Sokolic, 2001).
Modeling instruction is student-centered in the sense that it engages individual
students actively in the learning process, but it does not leave them out entirely on their
own free will. It has a specific agenda to fulfill: meaningful and insightful paradigmatic
evolution within the confinements of a given curriculum, an agenda that cannot be
fulfilled without teacher mediation. In fact, there is no meaningful learning without
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teaching, at least not for the overwhelming majority of students who cannot get self-
educated. “We have centuries of evidence to show that natural thinking is neither
rational nor scientific. Scientific thinking has to be cultivated and nurtured. It is the
result of education... Without teachers there are neither scientists nor scientifically
literate citizens” (Matthews, 2000, pp. 332, 349). Research has shown that even
“gifted” or “genius” experts who out-perform their peers in arts and science owe their
achievement to the fact that they benefit from “sustained and specialized intervention
from skilled teachers and parents” and especially “master teachers who either
themselves had reached that level or had previously trained other individuals to that
level” (Ericsson & Charness, 1994). Teacher intervention is advocated, in modeling
theory, not in the form of conventional lecture and demonstration, but in a sort of
“mediated learning experience” whereby the teacher “mediates, transforms, reorders,
organizes, groups, and frames” appropriate learning activities (Feuerstein & Jensen,
1980).

In modeling instruction, teacher mediation preserves a central role for student
engagement and active participation in decision-making. Depending on the
circumstance, mediation may take the form of moderation, arbitration or scaffolding,
and it always involves teacher feedback so as to prevent students from going astray and
to keep their reflective inquiry aligned as closely as possible with scientific inquiry.
Moderation and arbitration are appropriate when students have their own ideas about
topics of instruction. Scaffolding is most appropriate when students lack any
knowledge about such topics, but it may also be resorted to in order to enhance
moderation and arbitration.

As a moderator, the teacher solicits ideas about a particular topic, and then
guides students to compare ideas and resolve possible incompatibilities to the extent
that they can do it on their own. The teacher does not intervene directly in the process
to resolve the matter in favor of one idea or another. S/he can only passively supply
some rational or historical details, or some empirical data that may help students
brainstorm, clarify to one another specific ideas of their own, or bypass a stalemate that
they may get to. The teacher gets more involved in the mediation process as an
arbitrator. This role is especially important when students have conceptions or follow
rules of engagement that are incommensurate with science (naive, or of limited
viability). The teacher would then bring concerned students first to a conscious state of
cognitive disequilibrium, and direct them next to negotiate things with their colleagues
so as to get them resolved in favor of a particular position that is viable from a scientific
perspective. The teacher does so first by invoking among students a sort of Socratic
dialogues (Hake, 1987, 1992). When this fails to bring things to a satisfactory closure in
due time, the teacher shifts to scaffolding and offers the scientific position as an
alternative that students are asked to ascertain.

Scaffolding is, for us, the type of mediation whereby the teacher gets most
involved in directing the learning experience in the scientific direction. This sort of
mediation is resorted to when arbitration fails to bring about students’ self-regulation,
but especially when students’ knowledge about the topic of instruction is totally
missing. In the latter event, the teacher intervenes by confronting students with
empirical situations or data from which they are guided to infer the appropriate
conception(s), and/or by helping students rationally derive such conceptions from prior
knowledge. The teacher may provide students with appropriate tools in the process.
When students fail to construct the target conception, or conduct a particular modeling
process, in this manner, the teacher induces them to do so in a more direct way by
presenting them with the scientific conception or process. The scientific position is
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though not imposed in an authoritative way, but it is offered only as an alternative that
students are asked to consider and ascertain on their own in order to be convinced of its
viability. The teacher does the same when arbitration fails to meet its ends. Students
would subsequently be asked to deploy the scientific conception or process in a
sequence of modeling activities where the teacher can gradually retreat from direct
intervention, somewhat in the manner promoted in cognitive apprenticeship and similar
modes of instruction (Heller, Foster & Heller, 1997; Shore et al., 1992; Roychoudhury
& Roth, 1996). Scaffolding is especially needed at the beginning of a science course
when students develop the most fundamental basic models (e.g., free particle and
uniformly accelerated particle models in Newtonian theory). Subsequently, the teacher
progressively moves away from this mediation form as students become more and more
autonomous in model construction and deployment. The nature and the course of
teacher mediation are in fact primarily governed by the stage at which students are in a
given learning cycle.

6. Learning cycles

The content of a science course is subdivided in accordance with modeling
theory into units each devoted to the development of a particular model. Students
develop a model and its requirements in a well-structured learning cycle. The idea of a
learning cycle as a structured, mediated form of learning was first proposed by Karplus
(1977), primarily for teaching concepts of elementary school science within the
framework of Piaget’s theory of intellectual development. Karplus “learning cycle
consists of three instructional phases that combine experience with social transmission
and encourage self-regulation... These three phases are exploration, concept
introduction, and concept application”. In the first phase, students are invited to explore
an unfamiliar empirical situation in ways that “raise questions or complexities that they
cannot resolve with their accustomed patterns of reasoning. As a result, mental
disequilibrium will occur and the students will be ready for self-regulation”. A new
concept or principle is introduced in the second phase to resolve the problem at hand,
and then applied in the third phase where “familiarization takes place as students apply
the new concept and/or reasoning pattern to additional situations”. Social transmission
(i.e., teacher lecture for transfer of traded knowledge) is reduced in the first stage. It
reaches its peak in the second phase where teachers reclaim their conventional role of
lecture and demonstration, and it winds down in the third phase where “physical
experience with materials and social interactions with teacher and peers play a role”
(Karplus, 1977).

In our modeling theory (Halloun, 2004), we have drawn on Karplus idea, as
well as on practices in science education that have gone successfully in line with his
learning cycle. We subsequently designed (and successfully tested) our own learning
cycle so as to promote the paradigmatic evolution we aim at in the most effective and
efficient way possible. A modeling learning cycle (MLC) of ours is a five-phase cycle.
Successive phases are those of exploration, model adduction, model formulation, model
deployment, and paradigmatic synthesis (Figure 7).

A modeling learning cycle begins with the exploration phase. This is a two-
stage phase (monstration and nominal models proposition) devoted to first motivate
students to embark on the construction of a new model of well-defined scope and then
roughly consider possible candidates in this direction. In the monstration stage (MLC1
in Fig. 7), students are brought to a state of cognitive disequilibrium whereby they
realize: (a) the inadequacy of prior viable knowledge (already constructed models, if
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any) for describing, explaining and/or predicting in some respects a new pattern that is
outside the scope of prior knowledge, and thus (b) the necessity to construct a new
model in order to come up with the correct inferences about the pattern in question.
Construction of the target model begins in the second stage of the cycle (MLC2) with
rough subsidiary models. Subsequently, and throughout the cycle, students are brought
closer and closer to the target scientific model through progressive refinement or
approximations.

A model is progressively developed through a given cycle. When students
possess alternative conceptions of limited viability, modeling activities begin with these
conceptions and proceed to get them gradually refined until they become commensurate

Exploration:
MLC1: Monstration

MLC2: Nominal models

A \i

Model Adduction:

MLC9: MLC3: Plausible model
Paradigmatic synthesis

MLC4: Investigative design
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Model Deployment: Model Formulation:

'\é:‘m: tary deol t MLCS: Investigation & initial
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Paradigmatic deployment -
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Figure 7. Modeling learning cycle.

The dashed, curved arrow indicates that one may go back to any preceding phase

as a result of rational and empirical evaluation that takes place continuously
with scientific theory. In this respect, the construction of a given model may begin with
a subsidiary model that corresponds to the target model, and that students might be
familiar with from everyday life and/or from other courses. Otherwise, students begin
the process with the construction of a new subsidiary model. Various schematic
dimensions of the subsidiary model are then gradually refined and built up until the
model acquires the desired form. This is how, for example, construction of the
uniformly accelerated particle model may begin with the subsidiary model of a particle
in free-fall. At some levels, successive refinements of the subsidiary model or of any
student conception of limited viability may follow the approach prescribed by Barbara
White in her ThinkerTools. White (1993) developed a software whereby, among others,
students develop the concept of constant force through a hierarchy of simulation
activities, beginning with an activity that simulates the force with identical pulses
imparted to a dot on a computer screen.

A nominal model constructed in the second exploration stage (MLC2) is a
generalization of a subsidiary model. As noted above, a subsidiary model is originally
mapped on a particular instance of a pattern, a particular system or phenomenon that
students are familiar with, whereas the emerging nominal model is about the pattern
itself, i.e. about all physical realities exhibiting the pattern. Both subsidiary and
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nominal models are entirely constructed by students, and the underlying student
paradigms may be anywhere in the profile spectrum extending from naive to scientific.
The structure of the subsidiary model may be well developed in student minds.
However, students are intentionally guided to generalize the particular structure of this
model in a nominal form (Fig. 5) at this stage in order to ensure that peer negotiations
and self-regulation in the coming stage be headed in the right direction, and reduce the
chances of coming back to refine model composition in subsequent stages.

Students negotiate subsidiary and nominal models among themselves under
teacher moderation. As a moderator, the teacher brings students together to discuss
their own models among themselves and practically refine them on their own. S/he
could intervene when students fail to do so on their own, but with the only purpose of
clearing the way of student negotiations from any noise. This may involve clarification
of some student views to the rest of the class, reminding students of conceptions they
ask about, passive supply of some empirical data, historical cases or any information
that may help students brainstorm and bring their naive ideas to the surface or get out of
any possible gridlock in their negotiations. By the end of this stage, students eliminate
all models they duly consider non plausible so that they would be left with no more
than three candidate (nominal) models for consideration in the coming stage.

The exploration phase is followed by the adduction phase which is intended to
focus students’ attention on one plausible model that appears to be reliably mapped on
the new pattern that is being investigated in the cycle. This is also a two-stage phase.
The first stage (MLC3 in Fig. 7) is devoted to the proposition of a plausible model, and
the second stage (MLC4), to the proposition of an appropriate investigative design for
empirically testing this model. By the end of this phase, students resolve major
incommensurability between their own models and the target scientific model while
enhancing their methodology of inquiry. As a consequence, they significantly reduce
the naive dimension and build up the scientific dimension of the corresponding profile
(Fig. 1).

In MLC3, students compare nominal models they proposed in the previous
phase in a way to come to a consensus on a single model. The emerging model bears all
viable elements of its predecessors. It is a hypothetical model that students conjecture
explicitly according to the model schema. Nominal hypotheses conjectured in the
exploration phase are gradually converted into ordinal hypotheses, and then, if possible,
into ratio-type or proportional hypotheses (Fig. 5). The plausible model may still
include some residual secondary (non salient) and/or naive elements that students could
not entirely resolve, residues shared by all or some groups of students. These residues
will be cleared out in the next phase.

In MLC4, students propose and negotiate ideas leading to an investigation
designed to assess the model so that it be ready for refinement in the following phase.
Depending on equipment availability and procedural feasibility, the design can pertain
to a classroom or field experiment, to observations in the real world, or to empirical
data about the pattern of study provided by teacher or any other reliable source.

The teacher whose role was restricted to moderation of student brainstorming
and negotiation in the previous phase assumes now a more active role, an arbitration
role. As an arbitrator, in MLC3 the teacher intentionally steers student interaction in the
direction of a single candidate model that is proposed in accordance with the model
schema and that has a relatively high degree of viability and low degree of naiveté by
comparison to its subsidiary and nominal predecessors. If necessary, s/he also ensures
that appropriate new conceptions be constructed to this end. In MLC4, the teacher
makes certain that students come up with a sound investigative design to assess the
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tentative model along with necessary norms and criteria for model acceptance and
refutation.

Efficacy and efficiency of a learning cycle depend mostly on the prior two
phases, and especially on the model adduction phase. The more of their own ideas they
expose in these two phases and assess in class by comparison to one another, and the
more transparent and focused the investigative design becomes in their minds, the
better the chances are for students to bring the self-regulation process to a meaningful
conclusion at this point and progress in the direction of a truly scientific model. Gradual
formulation of this model takes place for the most part in the third MLC phase, and is
achieved in the last phase following model deployment.

The third phase of the modeling cycle is the formulation phase. This also a two-
stage phase devoted to the formulation of a comprehensive and scientifically sound
model based on the outcomes of the investigative design of MLC4 that students carry
out in this phase. The formulation will not be exhaustive though because the model has
not been sufficiently deployed yet. Model deployment takes place in the fourth MLC
phase. New insights will subsequently be gained into various aspects of the model, and
the model will be brought then to a maturity level that is high enough to conclude the
learning cycle.

In the first formulation stage (MLCS5 in Fig. 7), students conduct, in
collaborative groups, the investigation they designed in the previous stage, and refine
the plausible model of MLC3 in light of the investigation outcomes. By the end of
MLCS5, students achieve a preliminary formulation of the target model, a viable but
incomplete formulation. The model thus formulated is a refined, formalized form of the
plausible model conjectured in MLC3. Hypotheses in the latter are corroborated,
modified or replaced, and the originally conjectured relationships are more precisely
expressed (e.g., ordinal or proportional hypotheses are turned into ratio-type law
statements). Seldom new major elements that have not been thought about before in
one form or another emerge in the newly refined model. There is virtually a one-on-one
mapping between this model and its predecessor. It is thus common that some primary
features of the target model may still be missing. Aside from issues that may be brought
about only after model deployment, student investigations cannot possibly cover all
model aspects at this stage. Furthermore, various constraints may make it impossible
for students to empirically corroborate or even induce certain model aspects. Such
aspects may then only be inferred by rational analysis and extrapolation, and perhaps
only through teacher scaffolding. These aspects make the object of the next stage.

In the second formulation stage (MLC6), the model constructed so far gets
rationally analyzed and extrapolated so as to come close to a comprehensive model
formulation. Rational extrapolation can take place within the model in question, and/or
from previously constructed models. For instance, by the time they have achieved
MLCS, students would have already refined, in the form of scientific laws, all
hypotheses conjectured in MLC3. When these laws are insufficient to complete the
model structure, students can be guided to induce missing laws from available data if
possible. If not, they can be guided to formulate these laws by rational extrapolation of
laws they have already formulated in MLCS5, and/or laws formulated in previous
learning cycles, be it generic laws or laws that are particular to some old models.

The teacher assumes consecutively two different roles in this phase of the
learning cycle. At the beginning of MLCS, and all through the actual investigation
process, the teacher retracts from the arbitration role to supervise the process from a
distance as a moderator. Once the investigation is completed and students have
prepared their reports, the teacher gets again more involved as an arbitrator of students’
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interaction to ensure that the model is properly formulated in MLC6. Sometimes, the
teacher may even find it necessary to step up her/his intervention to take the form of
scaffolding. As such, the teacher may instruct students to follow explicitly a specific
path and/or provide them with necessary concepts and tools that are totally missing
from their paradigmatic profiles and that are indispensable to complete model
composition and structure. Scaffolding may take the form of lecture when practical
constraints prevent students from coming up with any of these concepts and tools on
their own.

A model gains its full significance only after deployed in the real world for
describing, explaining, predicting and controlling the structure and/or behavior of a
variety of existing physical realities, for inventing new conceptual or physical realities,
and for subsequently bringing to new horizons the theory and paradigm which the
model belongs to. New insights are gained as the model is deployed in different
contexts and envisaged from different perspectives. It gradually gains in scope (domain
and function), and it becomes better and better situated in the corresponding theory.

The model constructed up to the third phase of a modeling cycle is deployed in
the fourth phase. Model deployment activities are chosen so as to allow students
complete and reinforce all four schematic dimensions of a model (especially issues that
may still be pending at this point), and promote model-based inference in various
empirical and rational contexts. Activities are conducted following systematic schemes
that students develop for adducing the appropriate model(s) to the “givens” in a
situation, and not following rules of thumb or context-specific prescribed routines to
determine convenient “relationship(s)” between givens and unknowns. Such schemes
and required tools and skills are progressively developed in two deployment stages. In
the first stage (MLC7), students deploy in each activity only parts of the model
formulated in MLC6. Deployment situations get progressively more complicated until
they reach the level of paradigmatic situations in MLC7 (Halloun, 1998b), situations
each of which requires deployment of the model structure in virtually its integrity.
Activities in both stages are chosen to cover all four deployment categories
distinguished in Table 1 (application, analogy, reification, and extrapolation), and they
are not limited to conventional paper-and-pencil exercises and problems. They include,
in addition to conventional exploratory activities, investigative activities of all sorts,
thought experiments, historical and contemporary case studies of interdisciplinary
nature.

Deployment activities, and especially those of paradigmatic deployment, are
conducted under teacher arbitration following the same guidelines as the previous two
stages. Students are encouraged more in this stage than ever before to rely on
themselves and collaborate with the members of their groups whenever possible, and to
carry out every deployment activity while reflecting on their own knowledge and
regulating it in the most insightful way possible. To this end, they conduct every
deployment activity in the manner they conducted the investigation of MLC4 and
MLCS, individually or in groups, during class hours whenever that is possible. They
expose their work afterwards and discuss it in class the same way they did in MLCS.
When peer negotiations head to a dead-end after all possible arbitration, and only then,
the teacher may intervene to resolve the issue one way or another by scaffolding.

A learning cycle and thus a modeling unit of instruction are not brought to
closure with deployment activities. New insights are gained about the model under
construction in the deployment phase. Students need then to consolidate their
experience in this phase with what they achieved in previous phases. The last stage of
the learning cycle (MLC9 in Fig. 7) is devoted to this end and to subsequent
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recapitulation of the paradigmatic evolution students gradually achieved in the cycle.
Consolidation and recapitulation are conducted as critically as any other process
undertaken during the cycle. Every point is systematically evaluated in this stage like in
any other stage, and this along the lines of Figure 6. If determined to be viable, students
proceed to the following point. Otherwise, students go back to a previous stage where
the source of the problem might be rooted so that they can reconsider things and refine
them appropriately. The process continues under teacher arbitration until students
complete the synthesis of the current cycle and set the stage for the following cycle.
Such an evaluation is in fact not limited to this stage, but it is carried out throughout an
entire cycle, as implied in the dashed, counterclockwise arrow of Figure 7.

7. Efficacy of modeling instruction

Development of modeling theory has gone in the last two decades with this
author (and is still going) through cycles similar to the modeling cycle described above.
The theory that has repeatedly shown to be efficacious for secondary school and college
physics courses is now being progressively deployed in various scientific disciplines
and at all educational levels. Early outcomes show that modeling theory is at least as
promising in the latter respects as it is for physics education.

Normative evaluation of modeling theory is the object of a number of
publications. A paper presented by this author at a regional UNESCO workshop last
year (Halloun, 2003) provides a comprehensive overview of the evaluation process and
shows the relative efficacy of various components of the theory in fostering the
paradigmatic evolution advocated for in this paper. This paper may be requested from
the author by email. All in all, when deployed in secondary school and college physics
courses, the theory has been leading to the following outcomes:

Better conceptions. Students show significantly better conceptual understanding
of scientific theory following modeling instruction than following other forms of
instruction. The Inventories of Basic Conceptions (IBC) is a battery of standardized
instruments developed by this author for assessing student qualitative, conceptual
understanding of basic conceptions (concepts, laws) in given courses. IBCs include
instruments similar to what used to be called the Mechanics Diagnostic Test (Halloun,
1984; Halloun & Hestenes, 1985b) or the Force Concept Inventory (Hestenes, Wells &
Swackhamer, 1992) in physics education. Under modeling instruction students score on
IBC posttests up to two standard deviations, on average, higher than students who learn
physics under conventional instruction of lecture and demonstration.

Better processes. When given identical assignments and exams consisting of
tasks similar to end of chapter problems typically found in traditional textbooks,
students score on average up to three times better under modeling instruction than
under conventional instruction. The better performance is reflected in systematic
problem solving (modeling) procedures used significantly more by the former group of
students than the latter.

Better views about the nature of science. The Views About Science Survey or
VASS (Halloun, 2001b, Halloun & Hestenes, 1998), is a battery of instruments
designed to assess student views about the nature of scientific theory and about how
scientists go about developing and validating such theory. As assessed by VASS, more
students express views about the nature of science aligned with scientific realism rather
than naive realism following modeling instruction than other forms of instruction.

Better learning styles. VASS also includes parts designed to assess how
students go about studying a given science course. It shows that students under
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modeling instruction tend to follow the canons of reflective and insightful inquiry more
systematically in their study than other students.

Lower attrition rates. The rate of students who withdraw from a given course
before its end or fail the course upon its completion is in modeling courses down to one
third of what it normally is in conventional courses.

Equitable learning. May be the most significant outcome of modeling
instruction is that it bridges the gap in a way yet unmatched between students who are
traditionally considered as low achievers and those who are considered as high
achievers. So-called low achievers are normally left behind following conventional
instruction. Instead, under modeling instruction, they are enabled to complete their
courses with above average performance.

Transportability to other courses. Inquiry skills, tools and learning styles that
students develop under modeling instruction are stable and generic. Students take
advantage of them to excel in their study when taking subsequent science courses,
irrespective of whether or not modeling instruction is followed in these courses.
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Spinners and Springs

John Stringer, UK
Sponsored by Heinneman

What is scientific inquiry and how does it differ from investigation? This
interactive session will look at the skills of science, from predicting and manipulating
variables to deciding just how good your results are, and at how these skills can be
taught through easily-resourced activities. Including practical examples of how
classification skills can stimulate the use of language, and association skills develop
understanding in math. How you teach these skills, assess their use and offer feedback
is critical to the way children develop as young scientists.

Integrating Math and Science Plenary Sessions

Getting at What is Worth Knowing and Doing in Math and Science

Ellen Alquist, Curriculum Coordinator, Saudi ARAMCO Schools
Sponsored by Pearson Education

A fundamental question underlying curricular decisions in mathematics and
science 1s: What should students know and be able to do by the end of their school
experience with these subjects? Our ability to determine the core ideas and key
concepts of a mathematics and science curriculum can only improve our ability to
design and teach great lessons that enable the students to genuinely explore the subjects
and use their knowledge in new situations. We should view curriculum documents as a
treasure to be mined rather than a to-do list.
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Math Research Sessions

The Preparation of Secondary School Mathematics Teachers.

Mohamed El Amin Ahmed El Tom
Centre for Educational Research and Services, M. O. B. Centre for Sudanese Studies,
Omdurman Ahlia University, Omdurman, Sudan.

Expanding access to quality education, particularly mathematics education, is
vital for meeting the challenges of sustainable human development in a dynamic global
informational economy. Present mathematics curricula fail to address, among other
items, such critical issues as the nature of the subject, the role of calculators and
computers, and how mathematics is taught and learned. Major changes in school
mathematics will require corresponding changes in the preparation of teachers. A major
aim of the study is to answer the twin questions: what should an effective secondary
mathematics teacher know and what does a typical present teacher know? An answer to
the first question is sought from a reading of the international literature. To answer the
second question, a battery of instruments was developed to collect the relevant data.
The study suggests guidelines for bridging the gap between the desirable and actual
knowledge of secondary mathematics teacher.
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Some Research Issues Raised in the MARAL Project in Lebanon

Samar Zebian and Marjorie Henningsen
American University of Beirut

MARAL (Mathematics Reform for All in Lebanon) was launched in 2002 and
is a research and development effort focusing on elementary mathematics classrooms in
Lebanon. The project database includes nearly 250 videotaped lessons from grades one
through six in both public and private schools and in both English and Arabic. A
variety of challenges have arisen as part of the observation and analysis processes,
including among others the difficulties associated with conducting this type of research
in schools and making it useful for practitioners, training inexperienced coders to do
highly inferential analysis, and treating cultural issues appropriately in the analysis.
Discussion was grounded in actual data and artifacts from the project. The MARAL
project is currently funded by the following sources: AUB University Research Board,
FAS Dean’s Office, Lebanese National Center for Policy and Research (Middle East
Research Competition), Private donation.

OVERARCHING GOALS

e Studying mathematics teaching and learning at the elementary level through
qualitative and quantitative methods

e Connected to practice, but also theoretically significant work

e Teacher/coordinator development

e Develop practice-based materials for use in professional development

o Creating a generative research database

e Developing local research skills/ Building a community of researchers

RESEARCH QUESTIONS

e What is the nature of the mathematics tasks being presented to the
students, and to what degree do they support and focus on sense making
and critical thinking, or memorization, drill & practice?

e What is the nature of the classroom communication? Does it focus on
sense-making vs. right answers? Are students asked to explain their
thoughts verbally or in writing? To what extent did students collaborate

and communicate with one another?

e What kinds of tools, materials, and representations are used during
instruction and extent to which they were used by students directly?

e What is the nature of language use, fluency, and literacy during instruction?

e How do the social and cultural norms in the classroom support or inhibit
teaching and learning mathematics?
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PROFESSIONAL DEVELOPMENT

e Workshops, setting goals

e Post-observation interviews

e (Copies of tapes to teachers

e Program-level feedback reports/ meetings

e Discussion of demonstration lessons
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CONTENT OF WORKSHOPS
2002-2003

e Orientation: Setting Goals, What is High-level Thinking, Reasoning,
Communication in Math?, What Are the Obstacles?

e Distinguishing Low and High-Level Tasks, Changing Task Demands from
Low-Level to High-Level Using Tasks from the Curriculum, Classroom
Management Cases

e Preliminary Results from Fall Data Collection, Opening up
Communication/Eliciting Student Thinking, Fostering Students’ Independent
Thinking

CONTENT OF FEEDBACK REPORTS

Nature of tasks

Nature of mathematical communication
Use of concrete materials
Use/orchestration of group work

Areas of strength and weakness

WHY VIDEO STUDY

Benefits

e See and hear what’s in the “black box”

e Vivid, multi-layered portrait of instructional environment that is not as well-
captured in observer field notes or written reports

e Relatively raw record of the lesson preserved for later reflection and analysis by
us and by the teachers

Challenges

Ethical Issues —confidentiality, respecting reactions, feedback
Logistics, Skillful use of equipment

Labor intensive and time intensive

Need for training—not just anyone can do it!

The record can still be interpreted in multiple ways

Project Staff: Yasmeen Zein (Psych), Lina Darwiche (Edu) , Sevine Nsouli (Edu), Sara
Saab (Psy), Zeinab Zein (Edu), Inar Zein (Edu), Sara Sarraf (Psy), Lamia Moghnie
(Psy), Bassam El-Haj Ali (Edu/consultant), Abir Tannir (Edu), Rayane Alamuddin
(Psy), Dr. Nehme Safa (Workshop Leader)
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Raising Pupils' Levels of Thinking in Measurement through Intervention

Author: Dr. Ghada Khoury Gholam, Education Specialist, UNESCO Cairo Office, 8
Abdel Rahman Fahmy St. Garden City, Cairo — Egypt ggholam@mail.unesco.org.eg
Co-author: Miss Cherine Khallaf

*Based on PhD thesis by Ghada Khoury Gholam titled Strategies and Errors in
Secondary Mathematics: Raising Pupils’ Levels of Thinking in Geometry
(Measurement) Through Intervention, King’s College London, 1997 (thesis available at
the American University of Beirut library).

Introduction:

Mathematics is an essential subject in all curricula. It develops the individual's
mental and cognitive growth and enhances the thinking process. Throughout his
research in developmental psychology, Piaget revealed that "mathematics allow the
child to develop intellectually, socially and psychologically".

Measurement is taught in mathematics and science, but its importance lies in its
daily usage. Bright defines measurement as the "process of comparing an attribute of a
physical object to some unit selected to quantify this attribute..... measurement is the
result of measuring" (Bright, 1976, p.88). "It teaches you to think" (Howson & Wilson,
1986, p.11) moving children from one level of thinking to the other.

The "Concepts in Secondary Mathematics and Science" project (CSMS),
developed tests to identify the levels of understanding of mathematical concepts to
provide a structure that would enable teachers and curriculum designers to plan
appropriate teaching materials for children levels of thinking that were used in many
places throughout this research.

This paper presents description of the research project that was conducted
towards a PhD thesis on Strategies and Errors in Secondary Mathematics: Raising
Pupils’ Levels of Thinking in Geometry (Measurement) Through Intervention.

In light of the previous, this paper was thought of as a mean to illustrate the
pillars on which the researcher developed her work and the methodology of developing
the thinking maths lessons that would create a framework for increasing the pupils’
levels of thinking in measurement.

Purpose of the Study:

The aim of the research was to investigate the effect of the intervention model,
using thinking maths lessons, in raising the pupils’ levels of thinking in measurement in
particular and in geometry in general. Furthermore, it was also concerned with
investigating whether improvements in the reasoning patterns of pupils contributes to
an awareness of their errors and misconceptions.

The objectives of the study were to:

1) Confirm what has already been seen in the literature in the case of Lebanon in the
area of measurement.

2) Provide a baseline and focus for addressing particular aspects of pupils' errors and
misconceptions.

3) Use the outcomes in designing lessons for the next phase of the research.
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Thus the first objective was confirmation of the level distribution as proposed by CSMS
as well as the confirmation of some of the underlying issues which involve those
related to spatial aspects and those which focus on metric aspects. For example in
length, children focus on end-points of a line or positional aspects of end-points to
determine the length, or they concentrate on linear measurement and do not relate that
to the unit of measure in area (i.e. the square).

Another example related to positional aspects of end-points is when children
tend to use "counting strategy" for solving questions on area and perimeter (see for
example Dickson, 1989), or when they tend to evade the use of fractions (for example
in its placement on the number line) and work within the system of whole numbers (see
also Kerslake, 1986). The errors observed are well documented and reflect the SESM
"child method" described by Booth (1984, p.37).

Research Methodology:

1. Pilot Study:

Prior to the main design, the researcher undertook some pilot work in Lebanon
in summer 1994. A group of lower attaining students, who were taking a summer
course in mathematics, participated in the pilot work. As part of the pilot study, the
investigator designed thinking maths lesson on length and the CAME lesson on area
and perimeter were tried. Then the thinking maths lesson, designed by the investigator,
on volume and on surface area was tried in London in the Royal Ballet School. The
purpose of the piloting of the lessons was to gain experience for CAME style teaching
and observation.

2. Sample:

The sample consisted of seventh graders in a private school in Beirut. There
were three classes in this grade one was selected as experimental group and the other
two as control group. Only one of the sections referred to as the experimental group
was given the teaching part of the experiment. The pupils chosen for interviews and
observations were picked form this group. The other two sections referred to as the
control groups did not receive any thinking maths instruction, but had the regular
measurement lessons that were assigned by the program. The control group teacher's
style of teaching involved the teaching of concepts and formulas and then giving some
exercises to practice what the pupils have learned.

The following table indicates the number as well as the mean age group of the
experimental and the control groups.

Table 1: Description of the Sample

Group Pupils Males Females
Number | Age Number | Age Number | Age

Experimental | 19 12yrs 6 12yrs 4m | 13 12yrs S5m
Sm

Control 39 12yrs 25 12yrs 4m | 14 12yrs 8m
Sm

Total 58 12yrs 31 12yrs 4m | 27 12yrs 7m
Sm
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3. Research Design:

Figure 1 Design of the Main Study

Pre-tests

Control

Six Lessons

Observations

Video

In-class Interviews

Delayed Post-test

Control Exper.

The design of the research involved three phases. The tests were used for the
experimental/control comparison, and to study the relationship with the other two
instruments.

1. Phase one included the identification of errors and misconceptions that the pupils
had as well as the levels of thinking. The assessment was conducted through pre-tests.
Three pre-tests were administered to all the students in October 1994. The CSMS
measurement and van Hiele geometry tests were administered to the whole class by the
researcher in the presence of the teacher, while the Piagetian Reasoning Task (PRT II)
was administered by the science teacher in the presence of the researcher.

a) T1 - The Chelsea Diagnostic Mathematics Tests- Measurement is one in a set of
tests developed by the Concepts in Secondary Mathematics and Science (CSMS)
project based at Chelsea College, University of London and funded by the Social
Science Research Council for the years 1974-79 (Hart et al, 1985).

b) T2 —The van Hiele level test called the van Hiele Geometry Test was designed by
the Cognitive Development and Achievement in Secondary School Geometry Project -
CDASSG (Usiskin, 1982).

c) T3 - Task II, Science Reasoning Tasks - Volume And Heaviness is one in a set of
Piagetian Reasoning Tasks (PRTs) which were developed by the team, Concepts in
Secondary Maths and Science, CSMS at Chelsea College, University of London in the
period 1973-1978.
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2. The design involved lessons in mathematics that focused upon thinking and these
took place during the month of November, 1994 followed by an imposed post-test. This
treatment was given to the experimental group, while the control group was taught
measurement by the regular method applied by the teacher. The description of the
lessons and the type of instruction will be explained in details in part II of this paper.
This step of the design involved two types of observations that took place during the
instruction. The in-class observations handled by the regular class teacher and the video
observations that were filmed by a technician, and transcribed by the researcher. Both
took place during instruction in November 1994.

a) The class teacher observed the whole class and was mainly concerned with the
degree to which the lesson went on as planned. The researcher and the class teacher met
before every period for half an hour and after the class for a similar period of time, in
order to discuss how the lesson went on and to consider any modifications necessary
for the next class.

b) The video observation was handled by a technician working in the Education
Department at the American University of Beirut and used to working in classes. One
group of the experimental class was videoed throughout the six lessons. The group that
was videoed was named group one and included one boy and three girls. The audio
portions of the videos were transcribed and these along with the video were analysed by
the researcher.

c¢) Individual interviews were conducted at the end of the teaching sessions by the
researcher. They were semi-structured and lasted between 15 to 20 minutes each. Five
pupils were chosen from the different groups in the experimental class and were of
different ability level as defined by their teacher.

3. This is the final component in the design and involved the administration of the
three delayed post-tests T1(2), T2(2) and T3(2) to the control and the experimental
groups during the month of February 1995. These were the same instruments that were
given as pre-tests in October, 1994.The test that was part of the treatment, and referred
to as the imposed post-test (IPT), was given at the end of instruction. This test was
prepared by the researcher and revised by the class teacher, then modified accordingly.
It was a one hour exam composed of some items similar to CSMS and others similar to
problems tackled during the teaching. This test could be viewed as a summary activity
for the experimental group and as such is deemed to represent part of the treatment.
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Table 2  Design Chart by Dates of Administration
Pre-tests Lessons & Observations Interviews Delayed Post-
Imposed Test During tests
Lessons
Experimental | Experimental | Experimental | Experimental | Experimental
& Control & Control
October 1994 November November December February 1995
(3 teaching 1994 1994 1994 (3 teaching
periods per (7 teaching (6 teaching | (all conducted | periods per
class) periods) periods) in one day) class)
T1(1) Length: Video 5 individual T1(2)
T2(1) 2 observation of interviews T2(2)
lessons one group
T3(1) ' T3(2)
Area: 2 (4 pupils)
lessons In-class
Volume: observation of
2 the whole
lessons class,
IPT (6 sessions)

4. Data Collection:

In stage one, the CSMS measurement test was administered to 50 children of
two classes (2" year secondary and 3" year secondary classes of the age group 12 to
14) in an average school in Lebanon. The CSMS test was designed to provide
information on basic aspects of the topic, particularly conservation. The test was
composed of 24 questions in different order of difficulty. They were mainly in multiple
choice format and children were asked not to use rulers but were already given drawn
scales to read measures of lines. Each question included a number of items testing the
same concepts.

Stage two involved interviews with 11 children that committed errors in length and area
CSMS tests chosen out of the levels of thinking 4, 3 and 2. The interviews were
conducted two weeks after the written test, took place individually in a separate room.
Each interview lasted for 20 to 35 minutes and they were all tape recorded and then
transcribed. The questions used for the interview were all pre-prepared on cards and the
child was presented with one card at a time.

5. Data Analysis:

The researcher conducted both quantitative and qualitative analysis of data. The
quantitative analysis is specific to the tests and involves both the pre-tests T1(1), T2(1),
and T3(1), the imposed post-test and the delayed post-tests T1(2), T2(2), and T3(2),
with respect to the whole group and the experimental and control groups. The
qualitative analysis is specific to the observations (in-class and video) and the
individual interviews.
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Research Findings:

In relation to the first objective of the research, comparative results of the CSMS
pre-tests conducted by the researcher in Lebanon with the UK are given below.

Table 3  Percentage Distribution of Levels of Understanding

Group L e v e 1

1 2 3 4
UK. 19 19 16 31 15
n:
Leb. 8 46 10 26 10
n =350

Results showed that 50% of the sample performed at level 2 or below in both the UK
and Lebanon. 46% of the students in the UK attained levels 3 and 4 as opposed to 36%
in Lebanon.

The results of the tests and a similar CSMS test conducted in Taiwan showed that
children still had problems with measurement but these problems were culture free.

Using a class analysis sheet, the researcher filled the codes for every individual
and for every item in the test. The error items were then pinpointed for every item
indicating the number of students who answered correctly and incorrectly. In
comparison with the CSMS results, the items labeled as errors in this study matched
with those of the CSMS results in most cases.

With respect to the identification of the pupils' errors and misconceptions, the
research revealed that in the case of linear measurement, the main sources of errors
were that children focus on the end points of a line to determine its length; associate
length with the use of a ruler; think that the diagonal of a square is always equal to the
length of its sides; and confuse distance (perimeter) with area. With respect to area,
children use the length of one dimension to make area judgments, and associate the
counting of unit line segments with points on the segment.

The analysis of the interviews confirmed the error codes and probed further into
the methods adopted by children when solving problems on length and area. Particular
misconceptions were sometimes due to lack of ability to discriminate between relevant
and irrelevant information. Hiebert (1984) found that young children focus on a single
aspect of a problem, ignoring other important features. Another problem that children
have encountered was making judgment based on visual perceptions.

The previous findings helped the researcher in designing the thinking maths
lessons that better deal with the pupils' errors and misconceptions. The pupils' reactions
gathered from the interviews provided an insight that these lessons were better
understood. Thus, the second part of this paper will deal in more details with the
misconceptions that the pupils had in relation to area, how the thinking maths lessons
dealt with it, and finally the implications that the lessons had on the levels of thinking
of the pupils.
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The Thinking Math Lessons

Description of the lessons
The lessons that were used during instructions in this research were considered to be of

a new type as they were designed to help pupils think and reflect on their thinking. The

researcher used two lessons in the series of lessons developed by CAME: one on area
and perimeter, and the second on area as function. These lessons were chosen because
they are relevant to the subject being investigated and serve as a model for the
researcher in the development of the remaining lessons. The researcher then developed
four lessons along those lines referred to as thinking maths lessons. There were a total
of six lessons covering the three domains. The description of the six lessons is given in
table 4 below.
The thinking maths were given to the experimental group while the control group was
taught measurement according to the usual school scheme of work. The class was
grouped exactly as the teacher normally groups them.

Table 4. Description of the Thinking Maths Lessons

Lesson | Branch | Cognitive demand | Description

1 Length | Towards concrete | Comparing different measurements. The
generalization match between intuitive judgment and
stage results of measurement.

2 Length | Towards concrete | Apply the co-ordinate system and explore
generalization the notion that the smaller the unit the
stage bigger the number of units.

3 Area Towards concrete | The difference between the additive

and generalization nature of the perimeter and the

Perimete | stage multiplicative nature of the area .

r Different methods of finding area and the

(CAME) recognition of their equivalence.

4 Areaas | Towards early The relationship between the three

function | formal stage variables of length, width and area (or

(CAME) perimeter). Use of graph to emphasise the
linearity of the function producing a
perimeter and the non-linearity producing
area.

5 Volume | Towards early Distinguish between 2D and 3D.
formal stage Different methods of finding volume and

the recognition of their equivalence.
Changing of dimensions and keeping the
volume constant.

6 Surface | Towards early Distinguish between 2D and 3D.

area formal stage Understand surface area and its
comparison with volume, and the
relationship between them.

The teaching model applied aimed to construct a more appropriated knowledge
framework based on the CAME project. The intervention lessons given to the
experimental group were designed to accelerate children's ability to think.
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The lessons included group work where the groups formed were heterogeneous
in their abilities. Peer working was used to help pupils’ correct mistakes and be aware
of others' thinking strategies.

The activities were designed to involve progression in reasoning and sequence
of mathematical ideas.

a) Progression in reasoning:

At first, the intuitive choice in terms of guessing or mental judgment was accepted as a
normal beginning of involvement in the set of activities. Then, with the help of class
discussions, involvement of pupils and teachers' intervention, the activities developed
allowing more progression in the reasoning of pupils. At this point, the pupils check
their intuitive choices by more intellectual criteria and the use of theoretical form of
knowledge. The set of lessons were designed to promote progression across different
Piagetian levels. The first three lessons permit the pupils to progress towards the
concrete generalization state and may be referred to as phase one, whereas the last three
lessons progress towards the early formal stage and be called phase two.

b) Sequence of mathematical ideas:

The lessons started with linear dimension, progressing towards 2D and then 3D. Pupils
started working with length, the teacher then introduced the coordinate system to
develop the horizontal and vertical axis as a frame of reference used in locating the
relative position of objects in space. The activities related to area and volume were a
progression to the activity of length and an extension of one dimension to the 2D and
the 3D.

The Findings:

The aim of the research was to find out whether pupils who got the treatment
were able to perform better with respect to specific errors. The percentage of correct
responses of pupils in both the experimental group and the control group were
compared for the pre-test and the delayed post-test. Table 5 shows the test results for
selected items for the experimental versus the control group.

The progress was evident for all items dealing with length (refer to example 1
and 2 below), when comparing the post-test results of the experimental and control
groups. As to area and perimeter the pupils that received the treatment improved from
55% to 72% especially with respect to the assumption that if the area is the same, the
perimeter does not change too (example 3).

Ex. 1 Comparison of length
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Ex. 2 Distance all around the edge
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Hart (Private communication) says that even in interviews and when the
children were given cut-outs to manipulate, they still thought that they were not doing it
properly and maintained that the perimeters did not change. The lessons dealt with this
particular concept (confusion between area and perimeter as shown in example 3
below) and as it seems pupils tended to reflect better on their responses.

Ex. 3 Comparison between area and perimeter

N N

Table 5  Percentage Increase and z value for Selected CSMS Items

Item Subject | Percentage Increase | Percentage Increase | z value
of Correct of Correct
Responses (Exp. | Responses (Control
Group) Group)
1b length 39 22 1.31
6 length 38 -6 3.92!
9b perimeter 17 -3 2.482
10b(A) area 28 0 3.37
15b area 12 0 2.142
15¢ | perimeter 16 22 -0.54
17b | perimeter 11 6 0.71
! Significant at 0.01 level.
2 Significant at 0.05 level.
Conclusion

The research dealt with pupils' reasoning in the area of measurement. It
involved an initial investigation into the reasons underlying errors and misconceptions
in measurement as a confirmation to "The Concepts in Secondary Mathematics and
Science Project", Chelsea College, which had shown them prevalent among 12 to 14
year-old pupils.

In summary the key features of this research are as follows:

1. an investigation into the causes of errors in measurement by means of individual
interviews with children identified as making errors in length and area;

2. the conduct of a teaching experiment known as an intervention program in an
experimental class;

3. the administration of 3 tests, to experimental and control groups, before the
intervention program and 3 months after its completion in order to:

- assess the levels of cognition and the levels of understanding of the pupils to check
their readiness,
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- test the effect of the treatment in improving the levels of the pupils.

The research was designed to provide contribution in two areas: a deeper
understanding of the difficulties children have with respect to measurement, and a
teaching program designed to raise pupils' level of thinking in an attempt to alleviate
some of these difficulties and reduce children’s misconceptions. The lessons developed
for this research might provide a starting point towards guiding teachers in the
secondary level. More thought need be given to involving the pupils in the learning
process and giving them the chance to think and reflect on their thinking when doing
mathematics. This is deemed to have an effect on pupils’ progress in mathematics
learning in which they could realize their potential in this area.

The teaching model was also effective in the reduction of some errors in
measurement in particular a) less dependence on visual objects and presentations b)
linking concrete experiences to more formal mathematical ideas c) a better
understanding of the units of measurement d) less confusion between perimeter and
area e) use of area and volume formula with understanding, and in some cases f) better
understanding of the conservation of volume.
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The Development of a Calculator Booklet and its Effect on Teachers’
Attitudes towards Calculator Use in Math Classes (Grades 6-12)

Houssam Kasti,
Hariri High School II, Beirut, Lebanon

In the mathematics classrooms envisioned in the NCTM Principles and
Standards 2000, and under the Technology Principle, every student is expected to have
access to technology to facilitate his or her mathematics learning under the guidance of
a skillful teacher. Technology in this sense includes computers and calculators, and
since the latter is available to all students, action needs to be taken to prepare teachers
who are able to use calculators skillfully in the classroom. Consequently, this study
aimed to investigate the attitudes of math teachers toward the use of the calculator by
students in their classes, and how these attitudes change if teachers are involved in a
workshop addressing the importance of using calculators. Moreover, the study aimed to
investigate how to use this technology, when to use it, the best way to use it in the
classroom.
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Information Technology as a Tool for Teaching Primary Mathematics

Dr. Nehme Safa
American University of Beirut

Abstract

Information technology is percolating education. However, information technology
is introduced as a new component of the Lebanese school curriculum, not really
integrated. This paper describes the attitudes and opinions of a sample of primary Math
teachers in Lebanon towards using technology as a tool for teaching math and
investigates the importance of integrating technology into the math curriculum in terms
of learning theories. 35 primary math teachers who represent different primary grades,
different school systems, different socioeconomic areas, and geographic locations are
surveyed using a questionnaire and observation. On analyzing the results, two findings
emerged. First, the main use of the educational technological tools is to enhance higher
order thinking skills. This finding is referred to a growth in various social and cognitive
skills that were referred to the software’s instructional design and cooperation and
collaboration among students. Second, the use of the educational technological tools to
enhance basic skills was less frequent.

Curriculum Background

"As we stand at the edge of this new millennium, gazing at its uncharted
expanse, some of us feel as if we are stepping out onto a launching pad; others feel at
the brink of an abyss. Some see the challenges and the marvels to come and are
exhilarated; some see only the certainty of change and its uncertain outcomes and are
apprehensive". (Roblyer &Edward, 2000, p.1). The influence of technology is a
primary force shaping both perspectives. No one can deny the expansion of technology
world wide. The personal computer is a crucial component of life in this age of
technology. Information technology has facilitated the feasibility of previously difficult
and even impossible tasks in our everyday life. Information technology has changed
people's lives through the use of automatic teller machines, CD ROM, hand held
calculators, cellular phones, home appliances, automobiles, air planes, audiovisual
equipment and even video games (Brumbaugh et al, 1997).

Information technology has changed the way many subject areas are taught,
particularly mathematics. As early as 1989, MSEB stated “The teaching of
mathematics is shifting from primary emphasis on paper and pencil calculations to full
use of calculators and computers”.

With the above quote and the idea that teachers get used to teach as they have
been taught, what will happen to the math methodology? Will information technology
become harmonized with learning primary mathematics? Will math teachers resist any
changes in the math methodology?

It is predicted that there would be no agreement on the integration of
information technology in math education. The questions that arise among math
teachers are how and when they use information technology? Steen (1989) suggested
that computers should not become an integral part of leaning math until the second year
of college. Advocators of integrating information technology into math curriculum
argue that math standards state clearly that technology should be incorporated
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throughout the math curriculum. Others think teachers should adopt a "wait and see”
attitude on embodying more technology into math learning atmosphere (Brumabaugh
etal, 1997).

A choice comes out. Should technology be integrated into the math education
curriculum or not? One way to test this idea is to look at a sample of primary Lebanese
schools which have already integrated educational technology tools into math
education.

Many educators, learners and parents recognize the importance of using
information technology. They refer their common sense rationale to two major beliefs.
First, computers are used in all fields and therefore should be used in the field of
education. Second, recent research has illuminated the efficiency of computer based
methods. The validity of these commonly held beliefs is demonstrated. Educators
present the following rationales for integrating technology: motivating students to learn,
facilitating a unique learning environment, and providing support for new instructional
approaches (Roblyer & Edward,2000).

Before integrating technology into their teaching, educators must be familiar
with the different views on appropriate teaching strategies, how societal factors and
learning theories have shaped these views, and how each strategy can address different
needs.

Debate arises around the question of what is the most appropriate instructional
role of technology. Prior to about 1980, the answer would have been easy. According to
respected educational theorists of the time, the issue divided people into three tracks :
those who favored using computers primarily as tools for word processing , those who
considered them mainly as teaching aids or tutors , for example, drills and tutorials (to
be defined later), and those who thought that the most powerful use was programming.
But the advocators of these tracks would have agreed that each of these approaches had
its place, and there were popular classroom strategies for each use (Roblyer &
Edward,2000).

As social and educational needs change, education and teaching strategies also
change; consequently, the integrating strategies change. Today, the perceptions of the
goals of education itself and appropriate instructional methods to help students achieve
those goals shape the appropriate role of technology (Watson and Tinsley, 1996).

Most educators seem to agree on changing the educational goals, but learning
theorists disagree on which strategies would best meet today’s educational goals. This
argument has been considered as a catalyst for two different views on teaching and
learning. One view, which is called directed instruction, evolved primarily from
behaviorist learning theory and the information processing branch of cognitive learning
theories. The other view, which is referred to as constructivist, is grounded in other
branches of thinking in cognitive learning theory. A few technology resources such as
drill and practice, tutorials, are associated only with direct instruction; most others like
problem solving can enhance constructivist learning (Roblyer &Edward 2000).

Grabe (2001) sees meaningful roles for both directed instruction and
constructivist strategies and the corresponding technology application; both can help
children meet the many and varied requirements of learning.

Stard(1998) says that learning is described by two different metaphors: the
acquisition metaphor and the participation metaphor. She notes that “...the acquisition
metaphor is likely to be more prominent in older writings, and more recent studies are
often dominated by the participation metaphor” (p.5). In any case, such differences in
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language indicate fundamental differences in thinking about how learning takes place
and how we can enhance it.

However, both directed instruction and constructivist approaches endeavor to
identify what Gagne (1985) called the conditions of learning or the “sets of
circumstances that obtain when learning occurs” (p.2). The two approaches diverge at
three points: (1) The definition of learning, (2) the description of the conditions
required to make learning happen, and (3) the types of problems that arise most during
the learning process. This disagreement is related to the fact that the two approaches
adopt different philosophies and learning theories, and they hold different perspectives
on ameliorating education practices (Roblyer&Edward, 2000).

Adherents to constructivism believe that children learn effectively in an
atmosphere rich in interactions with real life experiences. This indirect approach of
learning indicates that the teaching/learning process evolved from meaningful activities
(Confrey, 1994). Directed instructional methods, however, accentuate the notion that
children learn effectively and efficiently through a structured approach. This structured
approach views math as a sequence of skills. When you learn them you learn math
(Educational Technology, 1993).

Role of technology in fostering directed instruction

Although they are based primarily on early theories of learning, directed
instruction methods address some very important problems. Teachers face problems in
meeting the individual pacing and remedial needs of each student while confirming that
all students are learning required skills. Hence, individualization becomes both the goal
and the terror of teachers.

Since directed instruction methods stress the structured approach of teaching
and require teaching when needed, systems approaches were widely suggested as a way
for teachers to design self instructional packages, for students to separate directed
instruction from the need for the teacher to transmit it. These self instructional packages
are called tutorials. They are programmed instructions that are referred to as dialogue
programs because they imitate the interchangeable instructions that often occur
between students and teachers (Snowmann, 1997). Other technology resources that
could help overcome some of the problems addressed by directed instruction are called
“drill and practice”. Drill and practice software provides students with opportunities to
practice knowledge and skills that were presented ahead of time by the teacher or by a
textbook. Many teachers believe that such practices develop recall and fluency skills as
prerequisites to advanced concepts. They like students to have what Gagne (1982) and
Bloom (1986) call automaticity or what Hasselbring and Goin (1993) say “proficiency”
to help them master higher-order skills faster and more easily (Edward & Roblyer,
2000).

Role of technology in enhancing Constructivism

Tutorials and “Drill and Practice” enable students to learn isolated skills and
memorize facts. Many educators thought that education should go beyond the
objectives of such software. They called for more emphasis on developing students’
abilities to solve problems, and think critically. In other words, critics focused on
learning how to learn instead of learning specific content (Grabe, 2001) i.e. they
emphasized software that enhance constructivism.

Much problem solving software, such as logo and Geometer sketchpad, seem to
provide lively active visual support which helps students develop better mental models
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of problems to be solved. These visual media help engage and motivate students by
using graphics and other devices students find interesting and attractive. Visual media
also involve students in cooperative groups to construct products (Grabe, 2001).
Watson and Tinsley (1996) refer to such software as “the computer world to explore”.
They accentuate that learners are found engaged wholly in a little cosmos which they
are going to discover gradually. In such an atmosphere, learners construct hypotheses,
test them, and interact with their peers or teachers to rebuild in their mind the little
cosmos in which they act and the rules which control it.

The study and methodology

In order to add to our understanding of the relationship between such ideas
about learning and the use of educational technology, this article describes a study of
the attitudes and opinions of a sample of primary math teachers in Lebanon and further
investigates their ways of integrating technology into the math curriculum.

The Lebanese Center for Educational Research and Development took up a new
challenge for integrating educational technology tools into the teaching of mathematics.
“The flashing advancement in technology has deeply marked modern society. We
speak today of the era of “information” like we spoke a quarter of a century ago, of the
industrial era” (The Lebanese New curricula, 1997, p.288). That is the intended
curriculum. But what actually happens in Lebanon’s schools?

Twenty Lebanese schools have embarked on a project of IT for primary schools,
with the first phase being introduced in 1999 when teaching a computer literacy
training program was implemented, and the infrastructure for lab networking was
installed (computer lab, internet...). The second stage was devoted to teacher training
on the integration strategies where professional development activities to support the
integration of technology and instruction had been implemented. The use of IT in these
schools had been advocated as an enabler to enhance the teaching/learning of
mathematics.

Hence, according to the literature review and to the feedback obtained from the
20 Lebanese primary schools, integrating educational technology tools into primary
mathematics is very important. However, other Lebanese primary schools are still
adopting traditional teaching strategies in teaching math, where technology is not
implemented. How can we motivate the math teachers in such schools to integrate
technology into the math curriculum? How can we show them the importance of
integrating technology into the math curriculum and hence change their attitudes
toward the integration strategies? This is one purpose of this paper, in describing the
attitudes and opinions of the Lebanese primary math teachers of the 20 schools already
mentioned.

Therefore, for this research, the population is specified as those primary math
teachers in Lebanon who are integrating technology into math curriculum i.e. who
teach in the 20 schools already mentioned. Its characteristics, the aspects of the
population we wish to measure (Barnett, 1991), are the opinions of math teachers in
Lebanon concerning integration strategies.

From the 20 schools, five were selected randomly. All the primary math
teachers (grade 1 to grade 7) in these selected schools were then chosen. This sample
includes 35 primary math teachers i.e. all the primary math teachers in the 5 surveyed
schools.
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Procedure

Three methods of obtaining data were used:, (i)Mail questionnaire (including e-
mail), and (i1 ) Observation. A 13 item questionnaire was sent to the 35 primary math
teachers which consisted of two sections: (1) uses of technological educational tools for
enhancing basic skills, (2) uses of technological educational tools for enhancing higher
order thinking skills. Teachers were asked to indicate on a 5 point scale (a. very often

b. often c. sometimes d. seldom e. almost never) their frequency of use of
technological tools for the stated purpose.
The questions were:

I implement the technological educational tools in my classroom:

1. to give students practice exercises to practice the concept or skill being taught
to meet the individual pacing and remedial needs of each student

to enhance retention and recall

to motivate students to learn basic skills through reinforcement

to provide students with alternative learning strategies in teaching basic skills

as an assessment tool to inform myself about students' strengths

as an assessment tool to inform myself about students' weaknesses

to promote cooperative learning and interactions among students and thus foster
critical thinking.

9. to help students develop higher order thinking by generalizing from particular
cases.

10. to enable students to explore and recognize relationships between ideas and thus
think critically.

11. to provide students with assistance to accomplish a complex task which requires
higher order thinking skills.

12. to have students employ higher order thinking skills by applying math skills in
other subject areas.

13. to enable students to employ higher order thinking skills by applying what they
learn outside the school culture.

14. Analysis and Results

e A i

Table 1 summarizes the frequency of use of the educational technological tools:
Tablel

Very often Often sometimes seldom [ Almost never
Q1 43% 14% 43% 0% 0%
Q2 43% 14% 43% 0% 0%
Q3 43% 14% 43% 0% 0%
Q4 43% 11% 46% 0% 0%
Q5 43% 14% 29% 14% 0%
Q6 0% 43% 57% 0% 0%
Q7 0% 57% 43% 0% 0%
Q8 57% 14% 29% 0% 0%
Q9 43% 29% 28% 0% 0%
Q10 43% 29% 28% 0% 0%
Q11 43% 29% 28% 0% 0%
Q12 43% 29% 28% 0% 0%
Q13 43% 29% 28% 0% 0%
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As can be seen, the primary math teachers frequently use technological
educational tools to foster critical thinking through cooperative learning and
interactions among students, generalizing from particular cases, exploring and
recognizing relationships between ideas, providing students with assistance to
accomplish a complex task, applying math in other subject areas, and applying what
students learn outside the school culture. However, less frequent is the use of
educational technological tools to give students practice exercises to practice the
concept or skill being taught, to meet the individual pacing and remedial needs of each
student, to enhance retention and recall, to motivate students to learn basic skills
through reinforcement, to provide students with alternative learning strategies in
teaching basic skills, and to inform teachers about students’ strengths and weaknesses.

Trends in uses of the educational technological tools across grades 1-7

To investigate the distribution across grades, data are split into three levels,
namely, lower (Grades 1,2, and 3), middle (grades4 and 5) and upper (grades 6 and 7) .
There are 15 lower primary math teachers, 10 middle primary math teachers, and 10
upper primary math teachers.

Table 2
Lower primary Middle primary Upper primary
Ql 100% very often 50%often 100% sometimes
50% sometimes
Q2 100% very often 50 % often 100% sometimes
50% sometimes
Q3 100% very often 50% often 100% sometimes
50% sometimes
Q4 100% very often 40% often 100% sometimes
60% sometimes
Q5 100% very often 50% often 50% sometimes
50% sometimes 50% seldom
Q6 100 % often 100% sometimes 100% sometimes
Q7 100% often 50% often 100 % sometimes
50% sometimes
Q8 66% sometimes 100% very often 100% very often
34% often
Q9 67% sometimes 50% often 100 % very often
33% often 50% very often
Q10 67% sometimes 50% very often 100% very often
33 % often 50% often
Ql1 67 % sometimes 50% very often 100 % very often
33% often 50% often
Ql2 67 % sometimes 50% very often 100% very often
33% often 50% often
QI3 67% sometimes 50% very often 100% very often
33% often 50% often

As shown in table 2, teachers at middle and upper grades rate the use of
educational technological tools to enhance higher order thinking skills more highly than
do the lower grade teachers. In summary, these teachers report that their most frequent
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uses of the educational technological tools are to enhance higher order thinking, with a
greater emphasis on promoting cooperative learning. However, teachers at lower grades
rate “enhancing basic skills” higher than the middle and upper grade teachers do. These
teachers report that their most frequent uses of educational technological tools are to
enhance basic skills.

Discussion

It appears that the main use of educational technological tools is to enhance higher
order thinking skills. Furthermore, this becomes more predominant moving up the
grades. However, the use of the educational technological tools to enhance basic skills
decreased from lower grades to the middle and upper grades. This result confirms one
of the broad goals identified by NCTM (1989) that students must reason
mathematically. NCTM states that American culture often treats math as a collection of
skills to memorize as contrasted to a way of thinking. It seems that teachers use the
educational technological tools to enhance higher order thinking skills in general,
including promoting cooperative learning, helping students generalize from particular
cases, enabling students to explore and recognize relationships between ideas, and
providing students with assistance to accomplish a complex task, applying math skills
in other subject areas, and applying what students learn outside the school culture.
Informing teachers about students’” weaknesses and strengths become more
predominant moving down the grades. The fact that the emphasis on enhancing basic
skills and assessment to inform teachers about students’ strengths and weaknesses does
seem congruous to what Snowman (1997) suggests, that pinpointing students’ strengths
and weaknesses is necessary for planning activities appropriate for both skill
development and intellectual development.

Influencing factors in the development of higher order thinking

As mentioned earlier, it seems that primary math teachers use the educational
technological tools to enhance higher order thinking skills in general with an emphasis
on middle and upper grades. Further, data from the interviews and observations confirm
this. First, there is intensive use of constructivist educational technological tools in the
middle and upper grades, since students at those levels are able to acquire higher order
thinking skills. Piaget refers to such stages as concrete operational stages through which
children become less influenced by perceptual centration, irreversibility, and
egocentrism and are able to develop a greater understanding of logic based tasks.
Second, there is a consistently high level of involvement and a satisfactory growth in
various social and cognitive skills that are developed and reinforced within the
implementation of such tools. There are two major interrelated reasons for the
development of higher order thinking skills: (a) the educational software’s instructional
design, (b) cooperation and collaboration. The technological educational tools
discussed here are those which support constructivist strategies, i.e. problem solving
software (cabrigeometer, logo...).

The educational software’s instructional design

Our questionnaire showed that 43% of the primary math teachers very often use
the educational technological tools “to enable students to explore and recognize
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relationships between ideas and thus think critically”, “to have students employ higher
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order thinking skills by applying math in other subject areas”, and “to employ higher
order thinking skills by applying what they learn outside the school culture”.
Combining such results with data obtained from observation and interviews, let us see
how the instructional design of such tools develops higher order thinking skills. The
user interface design of the educational technological tools is user friendly, simple and
creative. It enables students to make graphics, figures, and create designs. It meets the
criteria that identify a Microworld simulation. Rieber (1996) and Pellegrini (1995)
stress that Microworld simulations can support learning with environments compatible
with earnest play which requires critical thinking and a highly personal commitment
and involvement. One teacher in our study supported the notion of earnest play for such
tools. He stated that the children were saying that logo was fun and commented “I can’t
believe it....I am really now an artist or architect...it is my ownership”. Another teacher
reported that constructivist software enabled students to apply math in other subject
areas. When he asked his students to use constructivist software to design graphics for
different types of daily weather report and then to record daily weather on an electronic
calendar, the teacher applied the concept of numbers in language skills. Such a
connection enhances the development of higher order thinking skills. Development of
higher order thinking skills could be related to the learner interface of such tools. This
interface attempts to involve learners in authentic activities in order to develop
apprenticeship.

43% of the primary math teachers very often “provide students with assistance to
accomplish a complex task which requires higher critical thinking”. Let us consider
other observations in relation to this questionnaire item. Our observational data during
the use of the Logo software reveals that the students were amazed by the help the
Logo listener provided. They followed his scaffolding hints and notices that increase
self directed decision making abilities using professional scientific language
(Henderson, Eshet, &Klemes 2000). To illustrate, let us consider the following
feedback: “The repeat command need more input variables...” (from an observation
concerning the effects of Logo). "Through the production of this character, the
instructional designers guarantee that students gain scaffolded support , appropriate
language usage, and recognition of their learning achievement, that is , ingredients
found in a cognitive apprenticeship" (Henderson et. al, 2000 p.230). Other aspects of
scaffolding could be achieved by teachers incorporating the educational technological
constructivist tools into their classrooms. From my observational data, it can be said
that Vygotsky’s ZPD was seen clear in one situation where a few children became
interested in developing Logo programming commands. Even though the directions
were pictorial and free of words, children needed first an adult’s help to learn how to
follow the step by step construction directions.

The role of logo and Geometer sketchpad in facilitating children’s abstract
reasoning about geometric problems

43% of the primary math teachers very often use the educational technological
tools “to help students develop higher order thinking by generalizing from particular
cases”. The data obtained from observation, combined with the response of this
questionnaire item reveal that the educational instructional design of such tools reflect
Piaget’s principles of generalization which enhance the development of higher order
thinking skills. We can consider, for example, how the educational instructional design
of Geometer sketchpad and Logo reflects these principles.

Traditional theories of cognitive development agreed up on the fact that learning
occurs when instruction is in harmony with children’s levels of cognitive development
(Van Hiele, 1986). All math educators admit that geometry learning requires abstract
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thinking abilities. Thus, theoretically students should be able to understand some
geometric principles when their cognitive development is at the formal abstract level.
According to Van Hiele’s geometric thinking hierarchy, children's learning and
thinking about geometry passes through three phases: (1) visual, (2) descriptive, and
(3) abstract (Hiele, 1997 )

As previously noted, the surveyed primary mathematics teachers integrate the
educational technological constructivist tools into teaching to enhance students' higher
order thinking skills. Two technology tools that are useful for performing this purpose
are PC logo, and Geometer sketchpad.

Logo includes functionalities that enable students to create artistic designed
figures, save and load data, and perform mathematical operations. Students are
enthusiastic while completing such tasks since the tasks include fun and entertainment
at the same time. Recent studies highlighted the efficiency and the effectiveness of
Logo as a programming language for teaching higher order thinking. These studies
suggest that “the original philosophy of Logo stressed the importance of personal
discovery within a responsive exploratory environment” (Grabe, 2001, p.95). In such
environment, students will be intrigued to approach a problem from more than one
perspective. Accomplishing this task requires, of course, a high level of critical
thinking.

Geometer sketchpad is an extraordinary software used as a tool for exploring
Geometry. It is a dynamic and time consuming software that enables students to
construct figures, explore, and understand geometrical topics in ways that are not
feasible with paper and pencil. Students using this software will be empowered to draw
conclusions, make conjectures, and observe patterns about geometrical concepts (Key
curriculum, 1999). In this sense, Geometer sketchpad reflects Van Hiele’s geometric
thinking hierarchy. To illustrate, from my observational data, a student can construct a
geometric figure and explore relationships. Dragging, squeezing, and stretching any
part of this figure will keep all the relationships imposed by the construction true and
will change other things that are not strictly identified by the construction. Students will
be able to formulate their own abstract geometric conjectures as long as they repeat
their experiments.

Cooperation and collaboration

As mentioned earlier, 57% of the surveyed teachers very often use the
educational technological tools “to promote cooperative learning and interactions
among students and thus foster critical thinking”. Let us look at our observational data
to add to this.

Theoretically, the educational system has long accepted the direct approach of
teaching, which is essentially described by transmitting a body of knowledge from
teacher to students. Practically, however, the HMI publication “Education observed”
(DES, 1984) states that “teachers need to have higher expectations of their pupils, to
take greater account of pupils’ individual differences and generally to make lessons less
teacher dominated” (as cited in Hoyles & Sutherland, 1992). This report also indicates
that most school classrooms do not involve students in any debate or argument; in
formulating ideas, as well as in answering questions, and articulating their ideas
through open discussion. In this sense, math educators become aware of the potential
role of discussion in math classrooms. Contexts which provoke pupils to talk about
mathematics and articulate their perspectives on mathematical activities are therefore
being encouraged. Changing the emphasis in the mathematics classroom from teacher-
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centered to student-centered is a good example for establishing such context. But this
change is not an easy task as it involves changes in the teacher’s role. Individualized
learning approaches have begun to shift the balance of control in classrooms but there
still exist some cases where students do not expect to argue, collaborate, and take
initiatives and responsibility for their own learning. The incorporation of computers in
an interactive manner could be considered as a catalyst for further progress. The
motivation of the graphical feedback and the public character of the screen would lead
to stimulate investigative, student-centered work which could quite naturally be shared
(Hoyles &Sutherland, 1989).

The following episodes from my own observation illustrate the three way
interactions between two pupils and the educational technological constructivist tools
feed back and the positive side to collaborative working which fosters higher order
thinking skills:

I observed two students. The first was a talkative student who tended to be
easily distracted. The second, on the other hand, was suberminded and smart. He had an
important role in having the first pay attention when he was distracted. For his part, he
enjoyed working with the first and benefited from his bank of exciting ideas. By the
end of the class both students were able to develop an ability to question each other and
try to illustrate their ideas when their partner was confused. This is illustrated by the
following example in which the pair was defining procedures for triangular pyramid
pattern. The first student then confidently defined a procedure to draw a triangular
pyramid pattern in the editor:

RT30

PU

FD 40

PD

RT60

Repeat 3 [FD 40 RT 120 |
RT 60

FD40

RT120

FD 80

(Note here that REPEAT is an instruction in logo .It makes the turtle execute the
same list of instructions a certain number of times. This process is called a loop. RT
turns turtle in degrees clockwise. FD moves turtle forward n steps. PU lifts the turtle
pen. PD drops turtle pen).

The second student didn’t agree and was not convinced that this would work: “I
bet you, this is not the right procedure” the first student then remarked: “So do I”.

The second student was sure that he had known that the Logo procedure was not
correct: “I guess it”. The first student was bewildered and asked the second for help:
“well where did we commit a mistake?” the second student tried to explain but was
really only at the stage of trying to arrange his own ideas: “you made a mistake with the
what was it?”
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The second student needed to review the Logo command developed by his
colleague. He did this and tried again to explain in a rather hesitating fashion, by
referring to the total number of triangular pyramid edges “It can’t be 6 edges you know
If we fold, it we will not get a triangular pattern we need more edges”. The first student
still did not recognize the second student’s reasoning but this discussion helped him
realize that he required to count the number of edges correctly. The first student said
“we should do it slowly”. He started to draw the pattern of triangular pyramid in direct
drive thinking aloud as he did it: “6 edges 6 edges it is 6 edges, I’'m sure because I
remember the number of edges of triangular pyramid is 6".

He did not understand at this stage how the pattern of triangular pyramid
includes more edges; he was simply recalling the number of edges of triangular
pyramid. The second student, however, wanted to try out his ideas: “can I just try my
procedure?” the first student answered him, although he was not convinced, “yeah.I
don’t know if we will succeed” The second student typed in:

RT 30

Repeat 3 [FD 80 RT 120]
PU

FD 40

PD

RT 60

Repeat 3 [FD 40 RT 120]

and as the correct figure displayed, the second student said ““ It worked” the first student
was impressed but still needed to know how “.how you did that?”” The second student
could now confidently and proudly explain: "Although it has 6 edges but when you try
to form its pattern the number will increase since the construction of a triangular
pyramid is as follows: you have four faces. The first, which is the base, consists of 3
edges and the other three faces contain common edges. Although you see 3 edges in the
lateral faces but actually when you unfold the pyramid you will have 3 more edges
since each edge is intersecting two faces so you should double the number of edges".
The interaction helped both boys; the second student became more articulate in his
ideas and the first student began to identify the defect in his original argument “that he
has to count correctly the number of edges ie to double the number of edges of the
lateral faces.”

As stated earlier, it seems that lower primary math teachers more frequently use
educational technological tools to enhance basic skills. This could reflect the intensive
use of direct educational technological tools in the lower grades since students at those
levels require basic skills. Piaget refers to such stages as preoperational stages when
children form many new schemes but do not think logically. Perceptual centration,
irreversibility and egocentrism are considered barriers to logical thought.

Our questionnaire showed that 100% of the lower primary math teachers very
often use the educational technological tools to give students practice exercises to
practice the concept or skill being taught, to meet the individual pacing and remedial
needs of each student, to enhance retention and recall, to motivate students to learn
basic skills through reinforcement, and to provide students with alternative learning
strategies in teaching basic skills. On the other hand, 100% of the lower primary math
teachers often use the educational technological tools to inform themselves about
students’ strengths and weaknesses. Let us consider the data obtained from my
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observation and interviews in order to add to our understanding of the responses to the
above questionnaire items.

From my interviews, it can be concluded that “drill and practice” and tutorials can
be used as alternative learning strategies for teaching basic skills. Moreover, other
observational data in grade 1 reveal that the concept of addition, subtraction,
multiplication and division were taught in meaningful ways. Students used pictures to
describe addition, subtraction, multiplication, and division situation (Mighty Math
software). For example, in order to divide 9 by 3, the students had to snap the correct
numbers of clowns on 3 boxes (in an interactive way). Students were easily able to
understand the concept of addition, subtraction, multiplication, and division because of
the interactive capabilities of the software which provided the students with meaningful
learning. Hence, learning with technology supports models of instruction that
emphasize learning with understanding and more active involvement on the part of the
students.

Conclusion

The integration strategies are the educational approaches that help achieve "the
acquisition learning" and "the participation learning". The former focuses on a new set
of skills necessary to help students acquire life long learning skills. Such skills are built
on workplace competencies that result in solid job performance. These competencies
are: the ability to think creatively, make decisions, solve problems, and know how to
learn (Marzano, 1996).

The participation approach of the integration strategies develops the building
blocks of such skills. Such an approach invigorates students' intellectual abilities to
think critically. This is related to the atmosphere the participation approach provides.
This atmosphere empowers students to explore, inspire creatively, stimulate curiosity
and innovations. The challenge of teachers is to adopt such approach in all subject
areas. The beauty of this approach will be found in its implementation in
multidisciplinary context where students can come up with authentic activities that
result in acquiring them life long learning skills.

However, the latter type of learning (acquisition approach) must not be
underestimated, since it helps students master basic skills which are considered
prerequisites to higher order thinking skills. Hence, which approach is suitable for
classrooms: the acquisition approach or participation approach. I think that teachers
must learn to combine both approaches. The two approaches may intermingle to
constitute a new and powerful approach to solving some of the major problems of the
educational systems, each contributing an essential element to the new instructional
design.

Implications

The results of this study are important for the professional development of
teachers. They identify the needs to address teachers’ beliefs about the use of
educational technological tools, along with exposure to a wide variety of related
educational tools and examples. Further, they provide math teachers with practical
suggestions for meeting NCTM standards that emphasize the integration of educational
technology into teaching, so that they are able to justify their teaching strategies to
parents and the wider community.
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Recommendations

These results lead to three further suggestions. The first is that more attention
should be paid to combining direct and constructivist approaches and integration
strategies into a single curriculum. This relates to the importance of combining the
psychological theories discussed earlier and to the results of my research. Moreover, it
is based on the fact that the basic skills developed through direct integration strategies
are considered prerequisites to the development of higher order thinking skills which
are achieved through constructivist integration strategies. Thus, combining the two
approaches (direct and constructivist) is important in the teaching process.

The second suggestion is that all Lebanese primary schools should model the
integration strategies implemented by the surveyed schools. Such a model is practical
since the importance of IT is no longer the subject of debate in the Lebanese Center for
Educational Research and Development. Several initiatives are presently being put in
place to enhance IT in official Lebanese schools. The Decade of Education in Lebanon
declared recently by the Center for Educational Research and Development has, as part
of its Agenda, successful implementation of educational technological tools into math
education. The third suggestion is that the results of this study have generated questions
that are worthy of further research. Perhaps the most significant question is about the
ways in which teachers interact with special needs students, particularly students with
learning disabilities. It may be interesting to carry out such research on the basis of
current issues and problems in special education, the integration of technology into
special education, and exemplary lesson plans for a variety of integration strategies in
special education.
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The Effect of Using Computers by First Year Education Students on their
Computer Anxiety

Hussein Ali Al-Thallab
Tikrit University
Tikrit, Irak

The purpose of this study was to answer the following questions:
1. Are their differences between first year education students’ computer anxiety
before and after studying a computer course?
2. Is there a relationship between students’ computer anxiety and their
achievement in math?
3. Are there differences between males and females in computer anxiety?
To answer the study questions, 74 first year education students (41 females and 33
males) filled out questions on computer anxiety developed by Al-Zitawi (1995).
Results showed the following:
1. There are significant differences between first year education students’
computer anxiety before and after studying a computer course.
2. There is an inverse significant relationship between students’ computer anxiety
and their achievement in math.
3. There are no significant differences between males and females in computer
anxiety.
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Differences in Computer Self-efficacy as a Function of Scores on Computer
Attitudes of Pre-service Math Teachers in Oman (English)

Adnan Abed

College of Education
Sultan Qaboos University
Muscat, Oman

As the role of computers in teaching math has rapidly expanded; this study will
investigate the effects of computer attitudes on the computer self-efficacy for pre-
service math teachers. The sample consisted of all math student teachers in Sultan
Qaboos University (n = 70). Two instruments were administered: The Computer
Attitude Scale, and The Computer Self-Efficacy Scale, both with different subscales.
The instruments were developed based on a review of the relevant literature.
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Teacher Behaviors that Support and Inhibit High Level Thinking in
Lebanese Elementary Mathematics Classrooms: An in depth case study of
five lessons.

Yasmine Zein
American University of Beirut
Beirut, Lebanon

The goal of this study was to investigate which clusters of teacher behaviors are
important for maintaining high level thinking (HLT) in Lebanese mathematics
classrooms and to understand how these behaviors influence the level of mathematical
thinking that students engage in. Five cases of lessons were analyzed quantitatively to
identify the consistency and frequency of 34 teacher behaviors that distinguish each of
the cases. Then based on these profiles some clusters of teacher behaviors were further
analyzed qualitatively by examining teacher-student interactions to understand how
teachers are able to maintain HLT. The clusters which were qualitatively analyzed are:
modeling of HLT, teacher shaping of communication and teacher emphasizing
meaning. Within these clusters some behaviors were associated with HLT more than
others. These are: students’ modeling of HLT, teachers’ call for explanations, teachers’
pressing for good and elaborate explanations and teachers’ asking of students to draw
conceptual connections.
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Case study: Transition to abstraction and deductive reasoning in the
beginning of the third cycle, Basic Education

Naim El-Rouadi,
University of Balamand,
Lebanon

This case study treats the transition to abstraction and deductive reasoning at the
beginning of the third cycle of basic Education. The age of 11-12 years is characterized
with the passage from concrete thought to hypothetical and deductive thought. The
passage from perception to conceptualization is realized through verbalization, semiotic
representation and modeling. Based on the constructivist approach of comprehension in
mathematics, the aim of this method is to propose a didactic model; the methodology
adopted being the analysis of a case-study related to a situated problem.

Etude de cas: Transition vers I’Abstraction et le Raisonnement Déductif au
Début du 3éme Cycle, Education de Base

Naim El-Rouadi
Université de Balamand
Liban

Cette étude de cas traite la transition vers 'abstraction et le raisonnement
déductif au début du 3éme cycle de 1'éducation de base. Cet age de 11-12 ans se
caractérise par le passage de la pensée concrete a la pensée hypothético-déductive. Ce
passage de la perception a la conceptualisation s'effectue a travers la verbalisation, la
représentation sémiotique et la mod¢lisation. En se basant sur le modéle constructiviste
de la compréhension en Mathématiques, 1'objectif de cette méthode consiste donc a
proposer un mod¢le d'une intervention Didactique, la méthodologie de travail adoptée
¢étant l'analyse d'une étude de cas relative a une situation-probléme donnée.
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Actual and Preferred Classroom Environment in Physics Lessons from
Secondary Students’ Point of View

Dr. Abdullah Ambusaidi
Muna Al-Afifi

The aim of the study was to investigate secondary students’ views of actual and
preferred classroom environment in physics lessons. Furthermore, to identify the effects
of gender, class level and academic achievement on these estimations.

The study was based on a questionnaire consisting of (39) statements, which
was divided into two parts. The first part investigates students’ estimation of the actual
classroom environment, whereas the second part was used to investigate students’
estimation of the preferred classroom environment. A panel of experts in science
education assessed the external validity of the questionnaire. The reliability was
calculated using Cronbach alpha for internal consistency giving a value of (0.91) for the
actual environment part and (0.92) for the preferred environment part.

The sample was (211) students, of whom (96) male and (115) female. They
were selected from two secondary schools, one male and one female in 2003/2004
academic year.

The results showed that the range of the mean in the actual environment was
between (2.46) and (1.37) and for the preferred environment between (2.72) and (2.02).
Moreover, the results showed that there was a significant difference in students’
estimations of the actual and preferred environment regarding gender and in favor of
female students and class level in favor of first secondary in actual classroom
environment only. Regarding the academic achievement, the results showed significant
difference between the three levels (low, medium and high achievements) in favor of
medium and high achievement students in the preferred classroom environment only.

Consequently, several recommendations were proposed to improve the learning
environment of the physics lessons.
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Evaluation of the performance of instructors and students in light of
examination results: a follow up study

Abdul Hussein Sikhi, Dari Youssef Al-Samarai, and Anmar Natek
University of Technology
Baghdad, Iraq

Many universities in Iraq use the final examination grades to assess students and
select the best performers among them. Consequently, the researcher investigated the
following questions in an attempt to understand the current situation at their university.

1. Are there significant differences (.05 levels) between the performance of year
two and year three students?
2. Is there a correlation between performance of year two and year three

students?

In addition, the study aimed at comparing the performance of teachers of different
subjects.

Results showed that the performance of students as well as teachers was not
adequate; a situation that necessitates reviewing the curriculum and preparing more
competent teachers.

ga'i‘glﬂ\ ﬁlﬂ\ﬂ%\gﬂjﬁﬂ‘hl@i\gﬁmt’%)ﬂ\ G‘jﬁ‘gﬁ
Ll A g3 Ailaiay) gilill) ¢ guia A

Bl el s el Cans (5 _lia 5 oa ale el 2
EESPARTARPREN]
el ¢y

iy a5 okl lee o dadl o)) a5 clilee 355 ol il & cilaslal) e 2l
Al Gle g gall 3 Adhl cila ja e @l 3adine Cilaalad) o o8 Jadd A8ledll <l Hladl) e aaiad
Oe Uslan by OV arall 038 ¢ g b agin (30 Jazad¥) o 58 5 Allall il gise pant) Adhall C¥ e & (g g
) ALY e Al W)
AV (& fisa e s AN Caall 5 ) Caall 3 llall 613 (o 40 ine AV D (35 3 2n 53 Ja— |
.(0.05)
Ol D) il el 8 ALl ey (g Apdals ) ABMe a5 b - 2
Lesmi s ) e gaim gall Conn Aallall il o guin (g8 Cypesn 0 61 A jlia— 3
agila 3 dalai 5 (s (25) apaae 4l Al jall Ca (e D08 Ao 240 20 ALY ola e 4l
g sana (50 (%25) Jiay QS Al aanas 5 Aileal) lilanial) 8 2G5 400D il Al Giils el 8
L sl G ) 2ol
Sy g ade i dua Gaall Al e AaY) Caagy Ailany) Clalaall ¢ ya) 2 diall 2aa0 2ay
Oailat g Al ol i) Jlay 13 g CB) Cacall 5 S0 Cacall o Al olal s dxiloan) AV <3 ) 5
o8 Bl 613l (s (1=0.85) dush 5 A 5o A0l ADAe 3 gy ) i LS (il sl 8 Jpnantl
6 s o Jaila 38 0 Cacall 8 Jucantl) sl Qlall o e Jlay 138 5 Callil) Caall 5 S Caal)
sxs(11.52) 95)1_}; sl g (6"8.32) Jaray o) Jadl (S8 cp il o1 Ll G Caual shosld
(23) 625 (6.1) $ ke a5 (54.24) o IS 613 8 5 (50)
Jua L (61.74) 18 A Coall (3 ALl maan 5 (s gand lad) Jandl s 5 30
T el (5 fia A S Al ale JRG Al ol o Canll 3 (e i 28 (62,29) oS8 AW Zaudl Llad)

G —_—
M SMEC VIlI 155




agin g Juadl G gy 55 Tl o )il Sae 5 ple (S aliall (8 kil sale) Callaly Lae Gy pail) ool IS
A dae) A el 33l 5 5 Aaaglar il sl a5 Gyl 35l 8 R 53 5 53 (8 A e
1Y) 3o S by Lol (ga U el e (e b e g Ailaial|

Thddbe kb

Preparing and implementing an educational program
for studying fatigue phenomenon

Dahlia N. A. Altuhafi

Central Follow Up Department

Ministry of Planning & Development Cooperation
Baghdad, Iraq

The purpose of this study was to design, implement, and evaluate the effectiveness of a
computer program that aimed to teach the fatigue phenomenon. The most significant
conclusions that can be drawn fro the results of the research include:

1) The reliance on self learning principles has a positive effect students’ skills. In
addition, this approach has the potential to reduce the time, effort and cost.

2) Using computers in learning provides opportunities to teach the course repeatedly
and provide students with confidence in using computers in learning.
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Blending the intellectual and the moral in pursuit of deeper understandings:
“The teaching and learning of physical sciences
in Lebanese middle school classrooms”

Sara Salloum

Department of Curriculum & Instruction
University of Illinois at Urbana-Champaign
US.A

Introduction

School science appears to be unwelcoming to many students. Many students, for
example females and minorities, feel alienated when learning within the traditional
dominant science culture (Ladson-Billings & Tate, 1995). This is disturbing for two
reasons. First, science teaching should help all students internalize conceptual
understandings of major science concepts in order to develop scientific literacy which
entails developing knowledge, skills, and attitudes that empower them to make
informed decisions, and lead better lives in an increasingly techno-scientifically-laden
world (AAAS, 1990; NCERD, 1997; NRC, 1996). Second, the alienation of some
students from science deprives the scientific endeavor itself of new and diverse
perspectives that would enrich various sciences (Keller, 1997). So, a concern of science
educators should be elucidating why many students still do not acquire scientific
understandings despite wide-ranging reform efforts. It is our belief that the perplexity
engulfing this issue can be better illuminated if moral dimensions of the teaching are
considered in science education research in addition to the cognitive, social,
sociocultural, and affective.

Physical Science Teaching and Learning

Many students have difficulty learning certain physical science concepts
(Confrey, 1990). Of the many factors contributing to this state of affairs is the
prevalence of rote learning and teaching for algorithmic problem solving rather than for
conceptual understanding. Lebanon is no exception in these regards (BouJaoude &
Abd-El-Khalick, in press; BouJaoude, Salloum, & Abd-El-Khalick, 2004). It is
suggested that prevalence of teaching for algorithmic problem solving contributes to
alienation that some students feel towards science. Investigating issues related to lack
of conceptual understandings in science and thus student alienation calls for close
inquiry into what goes on in science classrooms. There is a need for deeper
understandings of the teaching and learning of physical sciences. However, attempting
to understand science classrooms as social phenomena where knowledge is generated
and made sense of is not an easy undertaking. Such understanding requires looking at
the teaching and learning processes from different perspectives and conceptual
frameworks.

The Problem

Much of the research in science education has been guided by constructivist and
sociocultural frameworks, which have provided innumerable and valuable insights
about science learning and teaching. However, the picture that these frameworks
provide appears to have undervalued the moral dimensions of teaching. They do not
appreciate the moral nature of teaching, acknowledge teachers’ strife to do what is
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“right,” or attend to the strong judgments that teachers undertake on daily basis
(Pendlebury, 1995). In a sense, constructivist and sociocultural perspectives, while
necessary, need to be enriched with a moral dimension. In this proposal, we develop a
framework in which we consider and scrutinize different intertwining sociocultural,
cognitive, and moral aspects in physical science classrooms. This broader framework
draws on practical hermeneutics (Gallagher, 1992). This perspective in concerned with
understanding teaching and learning as forms of “being” in the world situated within a
moral and ethical space. Gallagher asserted that an educational experience is
hermeneutical, where teachers and students are constantly involved in acts of
interpretation and understanding, where, these acts are not merely cognitive or
epistemological, but are in the very nature of being human. Thus, educational
experiences involve teachers and students in interpreting subject matter, their roles and
identities, what constitutes “good” and moral practices, and how they are committed to
such “goods.” Here “good” does not refer to universal codes of ethics shared by all
practitioners or students, but rather to the vigorous and particular value judgments
undertaken day-to-day within the teaching/learning context.

Purpose of the Study

The proposed research aims to (a) understand the dynamics of Lebanese
physical science middle school classrooms with a focus on the embodied and lived
character of norms, expectations, and aspirations that both constitute and reflect
classroom discourse and action, and (b) understand the meanings that actors in the
social setting of physical science classrooms attach to their behaviors and the
commitments that guide them as they resolve dilemmas of teaching and learning and (c)
understand how different moral, cognitive, and social aspects of teaching and learning
blend in physical science classroom.

More specifically the study was guided by the following questions:

(1) What does it mean to be a “good” teacher and student in a physical science
classroom from the perspective of teachers?

(2) How are identities, moral commitments, and responsibilities negotiated by the
social actors?

(3) What types of understandings, are targeted in physical sciences classrooms?
How do these aspects reflect “good” practice as seen by teachers and students?

(4) How do moral commitments interact with “cognitive” aspects (e.g., types of
scientific understandings) and socioeconomic contexts in the participant classrooms?

Research Methods

Case studies of three physical science teachers in distinctly different
socioeconomic contexts in Lebanon were conducted using primarily ethnographic
methods of interviewing and observation: A teacher in private affluent and competitive
school in Beirut (urban setting), a teacher in a public school in a big town other than the
capital city of Beirut, and a teachers public school in a rural area. This variability shed
light on possible influences of socioeconomic strata (and associated sociocultural
facets) on teaching and learning experiences.

Participants and Contexts

The three teachers in this study teach in three different school contexts. Two of
the teachers, Miss Dunia and Miss Natalie, teach in the public school sector. And the
third teacher, Mss Maya, teaches in a private school that is famous for its high

G —_—
M SMEC VIlI 158




academic standard. A key difference between public schools and private schools is that
private schools can be selective about the students they admit and they can expel
students who do not measure up to their academic or disciplinary standards. Whereas,
the public schools in Lebanon cannot deny entrance to any student if there is a capacity
for them in the classrooms. Students can get retained in their classes if they do not pass
the exams, but cannot be expelled or asked to transfer to another school except under
Very rare cases.

Participants of this study were three physical science teachers, who teach both
Grade 8 and 9. Grade 9 students of all Lebanon sit at the end of the academic year for
high stakes unified official exams in all subjects (the Brevet Degree). The teachers’
teaching experience ranged between 6 and 18 years.

Data Generation Methods and Analysis

The following data generation methods were used: (a) observations in the
classrooms; (b) several interviews and dialogues with the teachers; (c) informal
discussions with groups of student; and (d) scrutiny of artifacts that students both use
and produce while learning physical sciences. Participant teachers were interviewed by
another researcher (other than the authors) about their views about nature of physical
sciences, and their ideas about teaching and learning of science. Teachers’ views were
examined toward the conclusion of the study so as not to color our initial observations.
Science classroom activities were observed for a time period of 5 months. During
classroom observations, field notes were analyzed for emergent themes or issues, and to
look for critical instances. These critical instances were used as subjects to explore with
teachers on weekly or bi-weekly basis. The physical science teachers were asked about
the sense making, meanings, and rationalization they engage in during their science
learning experiences.

Analysis of interviews and observation was done through “direct interpretation”
(Stake, 1995) and themes and issues about the teaching and learning of physical science
were extracted from field notes, dialogues, and artifacts according to the research
questions. For example, special attention was given to the development of conceptual
understandings and what seemed to be valued in class. A critical and key issue was to
integrate and triangulate the different data generated: the researcher’s observations and
the teachers’ statements, and to look for points of interest when those seem to converge
and/or diverge, thus gaining insights about different dynamics that take shape in the
classroom; and to broaden spaces for dialogue with the teachers. Moreover, such
dynamics also were compared among the three schools to look for similarities and
differences.

In their turn the themes and issues that emerge shed light on what teachers
consider as “good” science teaching. From these themes and issues at the commitments
of teachers becomes possible. In an attempt to further the validity of results the
following strategies will be used: Triangulation and member checking (Stake 1995).

Results
Commitments:

Synthesis of the different data generation methods has shed light on a number of
commitments that the three teachers have. In the following section apparent
commitments of the teachers are described along with evidence for them.

Mss Dunia

Mss Dunia teaches in a village public school and has been teaching sciences

there for a long while. The middle school is not a big one (~65 students). From my
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classroom observations and our dialogues the following commitments seemed to
prevail for Mss Dunia:

A commitment for preparation for the official exams. This commitment
concerns what Mss Dunia does herself in class, not how students fare in the exams.
Students’ results, according to Mss Dunia, depend greatly on the students’ own efforts
and work. Evidence for this commitment is apparent themes such as the following:

B Mss Dunia would rather students derive formulae so that they remember them
better.

B Mss Dunia thinks that she needs to stick to the curriculum because there are the
official exams to reckon with, besides some scientific ideas are not really
important to students.

B Mss Dunia finishes the set curriculum as soon as possible, and this puts her
mind at ease, because she will not have sent the kids before the official exams
and they have not practiced well for the exams.

A commitment to certain social norms that reflect a traditional authoritarian way
of life. This is a more contextually-related commitment to an authoritarian norm that is
still very common in non-urban areas through out Lebanon, and involves high regard to
older persons and ones with certain authority (like teachers). Evidence for this
commitment is apparent themes such as the following:

B Mss Dunia’s occasional stern treatment of students is due to her belief that their
poor performance is due to their negligence and lack of hard work, in addition
to her non-satisfaction with their attitudes and behavior as kids and students
The commitment to an authoritarian norm seems to diminish considerations of

diversity is students, which in itself can also reflect a local norm in Lebanese villages,
where differences are not really very welcomed and a certain profile is valued. This in
itself could have lead to the creation of an inner and an outer circle of students: a group
of students is preferred as the inner circle and is set as an example for the others, who
are set as an outer circle. The dynamics of such creation is evident in the mood change
between the two classes that Mss Dunia shows sometimes when she goes from one
class to the other.

A commitment to understanding science concepts. This commitment exists even
though it is sometimes limited and seems overridden by a belief that students’ are not
doing their parts to understand and learn.

Mss Natalie

Miss Natalie teaches in a town public school and she is a younger teacher. The
middle school is a medium sized one with around 200 students. Similarly, we tried to
extract Miss Natalie’s commitments from classroom observations, dialogues, and
artifacts.

A commitment to do well in exams. Mss Natalie, as other teachers, take pride in
her students well, especially in the official exams. This surfaced dialogues and
observations through themes such as the following:

B Lab work helps students remember concepts that they may be asked about in the
exam.

B Mss Yasmine explicitly mentions to her students misconceptions and mistakes
that they may have or make.

A commitment to understanding the subject matter. A strong commitment to
students understanding the subject matter surfaced in Mss Natalie’s teaching and
dialogues. A commitment to understanding science concepts prevailed over
understandings of nature of science (NOS). Evidence for this commitment was
manifested in the following themes:
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B Mss Natalie tries to use lab work or demonstrations for explaining most lessons
and uses questioning techniques to check for knowledge and understanding.

B Mss Yasmine sees the experimental dimension of science as very important “I
think that it is important that students know that rules are based on experiment
or speculation”

A commitment to diversity. Finally, there was evidence for a certain
commitment to considerations of diversity in both instruction and students. Evidence
for this commitment appeared in themes such as the following:

B Mss Yasmine sees the importance of lab work to increase students’ motivation
especially ones who are usually weak in science.

B Mss Yasmine has students use non-science activities to explain certain concepts,
for example making advertisements for acids, bases, and salts.

Miss Maya teaches at a highly private competitive school in Beirut. There
appeared to be an overarching commitment for Mss Maya.

A commitment to do well in exams. a commitment to do well in exams was
manifested in emphasis on coverage of material and emphasis on mastering this
material for higher grades in exams.

B Mss Maya explains and repeats explaining concepts for the most part by herself
using a top-down hierarchy or deductive approach, starting from the general to
the specific. This is even evident in lab work.

B Mss Maya believes that students work for the grade and only a few actually are
interested in the material.

B Mss Maya reprimands students by mentioning their achievements in exams and
quizzes.

Discussion and Conclusion

As noticed in the results section above a commitment for either preparing
students of the official exams OR to do well in them prevailed across the three contexts,
which is understandable due to the high stakes attached to official exams: sources of
these concerns are school officials, administrators and parents. We distinguish
“preparation for” and “doing well” because in the village public school around 50 % of
the students fail the official exam and do not actually “do well” in it. Yet Miss Dunia
does try hard to “prepare students for them”.

The teachers’ commitment of “preparing students for the exam” or “doing well
in exams” seems threaded within a commitment of not letting down the different actors
in the educational setting and mainly the students. Even though one has to add here that
not letting down the students can take different shapes in the different contexts. For
example both Miss Dunia and Miss Natalie (public schools) saw their duty as trying to
help students reach a safe zone so as to overpass the hurdle of the Brevet official
exams, whereas Mss Maya wanted them to have high grades since they need high
grades to get into the majors they want at college.

We notice here that such a commitment of not letting down students have a
moral dimension at its core. This can be to an extent that a teachers’ credibility can be
at stake as was further manifested in one of the researchers’ dialogues with the teacher.
For example, Mss Dunia insisted on being extra harsh in grading because she did not
want discrepancies between her grades and those of the official exam graders.

Here one may suggest that trying to do what is “good” is manifested in having
students gain right of passage to a new phase in their education and ultimately their life
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plans and what may be available to them by passing the Brevet official exam. This
particular “good” have influenced their other commitments. For example a commitment
to understanding the subject matter and its nature becomes partial or even minimal due
to several issues such as:

(0]

The fact the Mss Dunia believes that she needs to stick to the curriculum of the
official exam and to try not to go beyond it to prepare well for. Related to this is
preparing students to answer in a certain way that will guarantee them to attain
grades in the official exams (Bareme).

The teacher’s own depth of knowledge and understanding to the subject matter and
NOS and her bias (or preference) to it, for example her major was in college, and
how comfortable she is with the subject.

It may also be related to the language (lack of fluency in English) issues that surface
repeatedly in physical science classes, especially in the public schools.

What also appears to me a stifling issue to such a commitment is the highly
abstract, complicated, and mathematical nature of the scientific phenomenon and
the knowledge involved in them. Such issue emerged in observation s and was even
acknowledged by Miss Maya, who expressed that some material is too hard on
Grade 9 students and yet they have to learn it in a way and solve problems about it.
An additional inhibitor here may be what teachers are penalized for and held
accountable for, which is their students’ performance in the exams.
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Introduction

Environmental education is crucially needed to prepare environmentally literate
students who, as future citizens, will have the potential to play an active role in
protecting the environment through making informed decisions and taking appropriate
actions.

In 1997, environmental education was introduced into the general curriculum in
Lebanon. This move emphasized, for the first time, the goal of preparing an
environmentally literate generation (National Center for Educational Research and
Development [NCERD], 1997). An environmental education component was integrated
into subject areas such as Physics, Life Sciences, Biology, Chemistry, and Social
Studies. The implementation of the augmented curriculum began in the academic year
1998-1999; the first generation to have followed the new curriculum in the secondary
level graduated in the year 2001.

The purpose of this study was to assess secondary school students’
environmental knowledge and attitudes in the Greater Beirut area. The study also
explored the relationship between knowledge and attitude with biographical and
academic variables: gender, grade level, high school stream, parental educational level,
etc.

Participants

The population for this study included students from grades 10 and 11 in
secondary schools located in and around Beirut, Lebanon. The number of student
participants amounted to 660—302 males (45.8%) and 358 females (54.2%). Their ages
ranged from 14 to 19 years with an average of 16.49 years (SD = .91). Of all
participants, 292 (44.2%) were in grade 10, while 368 (55.8%) were grade 11 students.

Instrument

A questionnaire was developed by a set of researchers to assess participants’
environmental knowledge and attitudes. The questionnaire consisted of two parts: Part [
questions related to knowledge and Part II questions related to attitudes. Part I consisted
of 34 multiple-choice items. Part II consisted of 28 four-point items based on Likert-
type scale. The rationale for these latter items was the assessment of attitudes based on
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Fishbein and Ajzen’s (1975) theory. In particular, the items assess a respondent’s
beliefs, affect, and behavioral intention towards the environment as well as his or her
commitment to environmental friendly behaviors.

Results

The mean total knowledge scores, which ranged from 53.74 to 56.31 out of 100
points, reflected less than adequate environmental knowledge. This is especially the
case given that Part I of the questionnaire assessed participants’ knowledge of basic
environmental concepts, which were related to broad topics and relevant to
participants’ everyday lives.

The total attitude mean scores, which ranged from 76.25 to 77.73 out of 100
points, were relatively high, indicating that participants’ attitudes toward the
environment were favorable.

For all participant grades, the mean total knowledge scores for females and
males were not significantly different (t = .07, df = 658, p > .01). Additionally, no
significant differences were found between the mean total and subscale attitude scores
for males and females in all participant grades (t = 1.39, df = 640, p > .01).

To test whether environmental knowledge and attitudes were related to parental
level of education, the mean scores of participants with parents of different educational
levels were computed. The means were compared using one-way analysis of variance
(ANOVA). There were no significant differences between participants’ mean attitude
scores when grouped according to father’s educational level (F = .558, p =.69) and
mother’s educational level (F = 1.94, p = .10). However, significant differences were
found between participants’ mean knowledge scores in the case of both father’s
educational level (F = 5.00, p =.001) and mother’s educational level (F =3.35,p =
01).

Post-hoc comparisons using the conservative Tukey procedure were conducted
to evaluate pair wise differences in knowledge among students with parents of different
educational levels. Results showed that the mean knowledge score of students with
fathers having a Master’s degree (M = 60.56) was significantly higher (p <.001) than
those scores of students with fathers having “less than high school” education (M =
51.72). Additionally, the mean knowledge score of students with mothers having a
Bachelor’s degree (M = 56.47) was significantly higher (p <.01) than those of students
with mothers having “less than high school” education (M = 50.99). It should be noted
that the mean differences in both of these latter cases (8.84 and 5.48) are practically
significant given that the standard deviations for the means are on the order f 14 points.

To assess whether participants’ environmental knowledge, environmental
attitudes, and commitment to environmental friendly behavior were related, a
correlation matrix was generated. Participants’ environmental knowledge was
significantly related to their environmental attitudes (p <.01). The value of the
correlation coefficient, however, was low (r = .33). Similarly, significant (p <.01) but
low correlations were found between environmental knowledge and attitude subscales
including beliefs (r = .27), affect (r = .30), intentions (r = .17), and behavior (r = .22)
scores. Another noteworthy pattern was that participants’ environmental beliefs were
significantly (p <.01) and highly correlated with their environmental affect (r = .75)
and intentions (r = .72), as well as their commitment to environmental friendly behavior
(r=.77).
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Practical Implications

The low mean scores on environmental knowledge reported in this study have
two implications. First, Lebanese students do not possess the necessary knowledge
tools to make decisions in regard to environmental issues. Second, students’ school
experiences are not making a difference in their environmental knowledge.
Consequently, a variety of actions should be taken to remedy this situation. Firstly,
teachers should receive adequate training and support in order for them to implement
the curriculum adequately. Secondly, assessment practices should incorporate new
approaches that encourage teachers to evaluate environmental issues. Thirdly, teacher
knowledge about the environment should be up-to-date and teachers should be trained
on the appropriate methods for teaching environmental topics. Fourthly, carefully
developed textbooks and supporting instructional materials should be made available to
all teachers and students in a timely fashion. Finally, there needs to be a realization that
environmental issues are not “supplements” of the curriculum. Rather, they are integral
components of the curriculum that should be taught, learned, and assessed as opposed
to eliminated at the slightest hint of time pressure.

The favorability of environmental attitudes among students indicates that most
of these students will welcome the introduction of environmental topics in school
curricula. High school students in the sample showed high levels of environmental
affect and commitment to environmental friendly behavior. This emotional
involvement will make students receptive to instruction about the environment.

Recommendations for Research

The present study provides a gateway to more in-depth research by establishing
a baseline about the level of Lebanese students’ environmental knowledge and
attitudes. Further research should focus on specific topics within the environment rather
than the totality of the environment. Such inquiries will provide more elaborate data
that could help in refining the curriculum.
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Introduction

Electricity is one of the basic areas in physics and in our everyday lives. Yet,
everyday talk and imagery about electricity is very different from a scientific
perspective. This divergence is fostered by the markedly high abstraction of this
subject, making it a very fertile area for alternative conceptions. Voluminous research
that identifies the different alternative conceptions about currents, voltages, resistors,
and others has been published. Empirical findings have encouraged science education
researchers to suggest remedial constructivist teaching strategies.

In Lebanon, very little research, if any, has been conducted about students’
understanding of basic electricity concepts. The present action research study attempts
to investigate the effect of inquiry learning strategies on the acquisition of conceptual
understanding for a group of 12 Lebanese Brevet (equivalent to grade 9) students.

Literature Review

For the last three decades, “conceptual understanding”™ has been a central
concern in general and science education in particular. This interest can be attributed to
the repeatedly reported failure of students to connect formal knowledge learned in
schools and colleges to real world phenomena (Arons, 1997). Furthermore, this interest
also follows in accordance with the constructivist theories that perceive students as
active learners who come to class with preset ideas and beliefs about everyday
phenomena. However, these beliefs are most often incompatible with acceptable
scientific explanation; hence, the terminology “alternative conceptions”.

Physics educators have been the pioneers in conducting research studies to
investigate students’ alternative conceptions in various physics topics, including simple
electric circuits' concepts. Findings reveal common alternative conceptions about
simple DC circuits across the board: from elementary to college and university students
as well as future physics teachers (Cohen et al., 1983; Shipstone 1988; Arons, 1997;
McDermott & Shaffer, 1992a).

Among the different electric circuit concepts, understanding of the electric
current has been investigated the most. Findings reveal that many students adopt one or
more conceptual model of electric current that is not compatible with the scientifically
acceptable “conservation of current” model. Among these models, the most
predominant are: the “unipolar”, the “attenuation”, and the “sharing” models. With
regard to the “unipolar” model, its holders do not recognize the necessity of having a
complete circuit—they treat electrical components as “electric sinks” where the current
sent by the battery is totally transformed into light and/or heat (Fredette & Lochhead,
1980; Shipstone, 1988; McDermott & Shaffer, 1992a). As for the “attenuation” model,
the students adopting it believe that the current leaving the battery from one end is
“used-up” by the elements in the circuit, and only the unused portion returns back to the
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other end of the battery (e.g. Evans, 1978; Shipstone, 1985; McDermott & Shaffer,
1992a). On the other hand, the students upholding the “sharing” model consider that
components in a series circuit share the current and thus, identical components receive
identical shares of the current (e.g. Shipstone, 1988; McDermott and Shaffer, 1992a;
Saxena, 1992).

In addition, many studies have shown that students strongly believe that the
battery is a source of a constant current regardless of the configuration of the circuit
(e.g. Evans, 1978; Cohen et al., 1983; Licht, 1987; Shipstone, 1988; McDermott &
Shaffer, 1992a; Saxena, 1992). This belief reveals that students have difficulty in
understanding not only the role of batteries (Shipstone, 1985) but also more generally,
the concept of voltage (Cohen et al., 1983; Psillos, Koumaras & Tiberghien, 1988;
McDermott & Shaffer, 1992a). Voltage is often viewed as an attribute or a property of
current rather than its cause (Cohen et al., 1982; Psillos et al., 1988) or viewed as a
mere mathematical relation or application (Cohen et al., 1982). Findings revealed that
even high-achieving students fail to realize that voltage and current are two completely
different variables (e.g. Shipstone et al., 1988; Métioui et al., 1996) and are both
necessary to describe or interpret an electric circuit (Psillos et al., 1988).

Researchers have also investigated student difficulties with the concept of
resistance. Findings reveal that many students fail to develop a meaningful
understanding of the concept of resistance instead tending to view resistors as the locus
of dissipation of current in the form of heat or light (Cohen et al., 1983) or, as
theoretical links between voltage and current (Licht, 1987). McDermott and Shaffer
(1992a) and Saxena (1992) also found that many students tend to focus more on the
number of elements or number of branches rather than on the configuration, and thus
believe that two identical bulbs should brighten equally regardless of how they are
connected. Such students have trouble accepting that the equivalent resistance of a
parallel network decreases with an increase in the number of elements (Cohen et al.,
1983; McDermott and Shaffer, 1992a).

In addition to the above, Joshua (1984) and McDermott and Shaffer (1992a) found that
many students encounter difficulties in identifying series and parallel connections,
especially when the circuits are drawn in unconventional ways. McDermott and Shaffer
attributed this difficulty to the terms themselves, “series” and “parallel”, which seem to
evoke geometrical connections rather than electrical ones.

Meanwhile, research studies did not only attempt to reveal students’ alternative
conceptions and difficulties with simple DC circuits but also investigated their
reasoning approaches. Many studies have shown that when reasoning about an electric
circuit, students often fail to consider the circuit as a whole, i.e. where any change in
any of the elements affects the whole circuit. Instead, findings constantly showed that
students approach electric circuits with local and/or sequential types of reasoning (e.g.
Shipstone, 1985; McDermott & Shaffer, 1992a; Métioui et al., 1996).

Students with local reasoning focus their attention on one point in the circuit
and ignore what is happening elsewhere in the circuit; for instance, considering the
battery as a constant source of current regardless of the configuration of the circuit (e.g.
Cohen et al., 1983; Shipstone, 1988; McDermott & Shaffer, 1992a). On the other hand,
students with sequential reasoning believe that when any dynamic change takes place in
a circuit, only the elements coming after the point at which the change occurred are
affected (e.g. Licht, 1987; Shipstone, 1988). For instance, Shipstone (1988) asked
students to predict what would happen to the brightness of the bulb in figure 1 if either
R, or R, was changed. Many students predicted that varying R; would lead to a change
in the brightness of the bulb, whereas nothing would happen if R, was varied.
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Circuit used to test for annlication of the seauential reasoning model

Methodology

Research Design

This study can be classified as an action-research study, a type of research that
is defined as “the application of fact-finding to practical problem-solving in a social
situation with a view to improving the quality of action within it” (Burns, 2000, p. 443).
The researcher is a Physics teacher who, by conducting this research in her classroom,
sought to develop professionally and also sought to enhance the quality of the teaching-
learning practice in a grade 9 Lebanese Physics course by applying and testing an
innovative approach in teaching the basic concepts of electricity.

Participants

The study took place in a grade 9 Lebanese Brevet class at an American school
in Beirut, Lebanon. The class consisted of 12 students, seven girls and five boys, all 14
to 15 years old. All of the students had comparable previous learning experience, as
they all came from grade eight of the American educational system high school track.
The grade nine year was their first year in the “Lebanese Program” track.

Procedure

The Implemented Approach

The implemented instructional approach is based on the research-based
curriculum “Physics by Inquiry” (McDermott et al., 1996) developed by Lillian
McDermott and the Physics Education Group at the University of Washington after
long years of investigating students’ alternative conceptions in physics. The
implemented module, Electric Circuits, aims to help students construct “a conceptual
model for an electric circuit from direct ‘hands-on’ experience with batteries and bulbs”
(McDermott &Shaffer, 1992b, p. 1004). Therefore, the general instructional strategy
used is mental modeling, whereby students are guided to build a conceptual model of
electric circuits. This building process progresses from being purely qualitative, at the
beginning of the approach, to becoming semi-quantitative, and then finally fully
quantitative in the last stage.

In addition to mental modeling, the module Electric Circuits uses conceptual
change strategies of the type “elicit, confront, resolve” to deal with persisting
conceptual and reasoning difficulties. The activities are designed to elicit specific
alternative conceptions and reasoning types in order to cause cognitive conflict whose
resolution leads students through conceptual change.
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The Electric Circuit module was slightly modified, especially in the semi-
quantitative phase, to meet the requirements of the Lebanese program and at the same
time ensure an environment of inquiry within the limited implementation time of the
approach.

Instruments for Data Collection

At the beginning of the implementation phase, a pre-instructional test was
administered to assess student understanding of the “complete circuit” concept.

During the implementation phase, fourteen tests designed by the researcher, in
the form of quizzes and exams, were administered to identify the students’ conceptual
and reasoning difficulties and to measure development in building a conceptual model
of the electric circuit. The questions were mainly subjective and were inspired from the
activities of the Physics by Inquiry literature, as well as from the participants’
conceptual difficulties that surfaced in classroom discussions.

At the end of the implementation phase, which lasted four months, the valid and
reliable instrument “Determining and Interpreting Resistive Electric Circuit Concepts
Test” DIRECT version 1.0 (Engelhardt & Beichner, 2003) was used as an immediate
post-instructional test to assess the students’ conceptual understanding of current,
voltage, resistance, power, and energy, while simultaneously assessing their reasoning
types. Three out of the 29 questions of the DIRECT 1.0 test were not administered, as
they were not compatible with the objectives of the implemented teaching approach.

Data Analysis Methods

The data collected from the tests administered throughout the study were used
to identify the conceptual and reasoning difficulties of the participants. With regard to
the results of the pre-instructional test and the fourteen other tests administered, the
researcher referred to literature (e.g. Shipstone et al., 1988; McDermott & Shaffer,
1992a) wherein patterns of responses, to questions about the behavior of DC circuits,
are documented, analyzed, and categorized according to underlying comprehension
difficulties. The subjective nature of the tests used in this study, and the way questions
were designed to tackle specific difficulties, facilitated the aforementioned task—in the
majority of cases, students’ difficulties were typical and easy to categorize.

Conversely, the DIRECT test consisted merely of multiple-choice questions,
where students had to choose one of three or four alternatives without having to explain
or defend their choice. Consequently, identifying the participants’ difficulties in a
conclusive manner was a harder task. The researcher contacted the designer of the
DIRECT test, Dr. Paula Engelhardt, who provided an unpublished document that
categorizes students’ choices of some alternatives as potential indicators of specific
difficulties (based on interviews with college and high school students who took the
same test). These classifications were treated by the researcher as mere proposals for
categorization, not as definite categorizations. In order to ensure precise and objective
categorization of difficulties, the researcher turned to a triangulation technique of
judging. The chosen judge was an experienced secondary Physics teacher. Together,
the researcher and the judge discussed the students’ wrong choices alongside the
classifications provided by Dr. Engelhardt. Whenever these classifications were found
inappropriate, the researcher and the judge discussed the case in order to reach a solid
agreement about identifying the underlying difficulties. For the very few cases where
no agreement was reached, the difficulty was labeled as undecided.
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Results

The analysis of the data revealed that most of the alternative conceptions
reported in the literature were found to exist amongst the participants, which confirms
Shipstone et al.’s (1988) findings that alternative conceptions are not confined to one
educational system or to one country. The following describes the main difficulties
identified:

With respect to the concept of current, all twelve participants demonstrated, at
least once throughout the study, possession of alternative conceptions about current that
do not comply with the scientifically acceptable “conservation of current” model. These
alternative conceptions were all mentioned in the literature, and include the “unipolar”,
the “attenuation”, and the “sharing” models of current (see Table 1).

As for the voltage concept, the findings also confirmed what has been
repeatedly reported in the literature about student difficulty in viewing the voltage as
the primary concept in the circuit and as the cause of current rather than its attribute
(e.g. Evans, 1978; Cohen et al., 1983; Licht, 1987; Psillos et al., 1988; Shipstone et al.,
1988; McDermott & Shaffer, 1992a; Saxena, 1992). Therefore, alternative conceptions
such as “battery being a constant source of current” and “no current, no voltage
distribution in the circuit” were very popular among the participants. This confusion
between voltage and current manifested itself also in the way students attributed the
properties of current to voltage, such as using the current’s terminology of “passing
through” for voltage, which also demonstrates the dominance of the intuitive “flow”
imagery on the conceptualization of the DC circuit, a finding that is reported by
McDermott and Shaffer (1992a).

In addition, the participants demonstrated difficulty with battery grouping. In
fact, they tended to apply the intuitive rule “more of A, more of B” to batteries; thus,
the more batteries in the circuit, the more the voltage regardless of the configuration of
these batteries.

Moreover, even though the participants were all successful in applying
Kirchhoff’s second rule quantitatively in problem solving, many of them demonstrated
having difficulty in applying it qualitatively to determine relative brightness of bulbs or
to decide on the voltage of a component. This difficulty was mostly prevalent when a
dynamic change was imposed on the circuit.

With respect to the concept of resistance, some participants exhibited failure in
realizing that the resistance of a component is dependent only upon its own properties.
Consequently, these students either considered that there would be no resistance if there
were no current, or failed to differentiate between equivalent resistance of a branch and
individual resistance within a branch, especially when inferring powers. In addition to
these alternative conceptions reported by the literature (e.g. McDermott & Shaffer,
1992a), few participants tended to generalize Kirchhoff’s second rule to resistors; this
finding, as far as was known to us, was not reported in the literature. For instance, when
asked to predict how the voltages, across Rj, Ry, R3, and R4 of the circuit shown in
figure 2 (below), would change as a resistance Rs is added in parallel to R», a student
considered that “in R; and Ry, the voltage increased because there [sic.] because [sic.]
more resistance since the resistance in R, and Rs decreased”.
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Figure 2
Predict how the voltages across R, Ry, R3, and R4 change if
a resistance Rs is added in parallel to R,.

As reported in the literature (e.g. Cohen et al., 1983; McDermott & Shaffer,
1992a; Saxena, 1992), some participants tended to apply the intuitive rule “more of A,
more B” to determine the equivalent resistance of a branch or a circuit, regardless of the
configuration of the circuit.

As for the conceptual difficulties related to the physical aspects of the circuit,
most participants demonstrated lack of concrete experience with bulbs and circuits; a
finding that confirms what has been repeatedly mentioned in the literature (e.g. Evans,
1978; Shipstone, 1988; McDermott & Shaffer, 1992a). For instance, most of the
participants had the notion of a complete circuit limited to merely having a closed loop
without acknowledging the need of the “passing through” requirement, which reflects a
difficulty in identifying the two contacts on a light bulb.

Furthermore, some participants exhibited difficulties in identifying series and
parallel networks. The analysis of their answers revealed, as reported in the literature
(Joshua, 1984; McDermott & Shaffer, 1992a), a distinct topological error by which they
considered geometric parallels or series resistances to be electrical.

Also related to student difficulties with the physical aspects of circuits was a
failure to identify a “short circuit” in a diagram, to differentiate between parallel
branches across the battery and parallel branches elsewhere in the circuit, as well as to
translate complicated realistic circuits into schematic circuit diagrams and vice versa.
All these difficulties are identified and documented in the literature (e.g. McDermott &
Shaffer, 1992a).

It is important to note that the identified difficulties were not solely conceptual;
they were also related to the reasoning types of students. In fact, every participant
demonstrated, at least once, a difficulty in holistic reasoning about a circuit; instead,
he/she often exhibited local and, to a lesser extent, sequential reasoning types. These
reasoning types were noticeably manifested when the participants were asked to
evaluate the behavior of circuits as dynamic changes of adding, removing, or short
circuiting a bulb were imposed. For instance, when confronted with the problem
illustrated in figure 3 (above), the participants demonstrating local reasoning,
considered that short-circuiting L3 would not affect the brightness of bulbs L; and/or
L,. Similarly, they considered that opening switch K would not affect the amount of
current passing through bulbs L, and/or L;.
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Figure 3. Determine what happens to the brightness of each of the bulbs in each of the
following cases:

a) Bulb L; is short-circuited

b) Bulb Ly is short-circuited

¢) Switch K is opened

These difficulties varied substantially in their plausibility as well as in their
resistance to conceptual change. While some conceptions were easy to abort, others
were persistent and even survived instruction. For instance, Table 1 shows that while
the “unipolar” and “attenuation” models of current were relatively easy to renounce, the
“sharing model” of current proved to be far more deeply rooted and thus more resistant
to change. This finding, with regard to the ease of rejection of the “attenuation model”,
opposes the findings of Shipstone (1985) that identified this model as the most common
and most persistent non-scientific idea of current. In fact, this study revealed that the
students who adopted this conception of current rejected it immediately or soon after
performing the related activities.
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Table 1

The frequency of occurrence of the “unipolar”, “attenuation”, and “sharing” current models

Tests
Pre- Test- | Test- | Test- | Test- | Test- | Test- Test- Test-
Student| inst. Test-3 4 5 6 7 ] 9 1 13 Posttest
test
1 S S S
2 Absent |A S S
3 A S
4 S
5 A
6 S S S
7 S A S
8
9 S S
10 |U q [S = = =
11 Tl 8A % % %
12 i’j = A = = =

Note. Shaded columns represent tests that did not tackle these alternative

conceptions.“A” represents evidence of attenuation model,”“S” represents evidence

of sharing model, and “U” represents evidence of unipolar model.

As for the survival of the “sharing” model of current, one possible explanation
is that the performed activities did not provide enough observable evidence that the
current is unique in a series circuit or branch and is not shared among the different
components. Another interpretation would be one that is based on Shipstone’s (1985)
explanation for the survival of this model, which claims that students find this model
plausible as it accounts for the observation that identical bulbs in series are equally
bright, without abandoning the “source-consumer” view. Nevertheless, the results of
the immediate posttest, shown in Table 2, taken as a measure of the acquisition of

conceptual understanding, showed that the implemented teaching approach was

successful in enhancing conceptual understanding.
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Table 2

Results of the immediate posttest
Students Score in percent

1 61.5

2 50.0

3 92.3

4 80.7

5 92.0

6 80.7

7 73.1

8 69.2

0 100.0

10 80.7

11 80.7

12 96.1

INote. The mean average of the DIRECT
1.0 posttest is 50.0 %
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All students were able to achieve scores higher than the mean average of the
DIRECT 1.0 test, which equaled 50% for the covered items of the test and 48% for the
whole DIRECT 1.0 test. It is important to note the differences among the sample of
students who took the DIRECT 1.0 test. The sample consisted of 681 university
students and 454 high school students (Engelhardt & Beichner, 2003). The break-down
of the mean score of the sample reveals a mean of 52% for the university sample versus
a mean of 41% for the high school students (Engelhardt & Beichner, 2003). Therefore,
the 50% score of student 2 in the above table is actually much higher than the mean
score of the 454 high school students who took the DIRECT V.1.0 test.

Suggestions for Teaching

Due to the fact that this is an action research study, the obtained results are
contextual to the setting of the study. Nevertheless, the findings of this study came to
reinforce some general recommendations, as proposed and supported by the literature,
described below:

Firstly, the findings encourage science teachers to acknowledge and consider
the role of students’ pre-instructional conceptions in the learning process. Also, science
teachers are encouraged to become more acquainted with the findings of science
education research studies in order to identify common conceptual and reasoning
difficulties with their subject matter.

Secondly, this study invites science teachers to adopt innovative approaches that
are designed to promote understanding and challenge specific conceptual and reasoning
difficulties.

Thirdly, the findings of this study invite general science and physics teachers
specifically to reconsider their assessment strategies. Teachers are encouraged to stress
the qualitative aspects of problem solving to ensure conceptual understanding of
scientific concepts. Research shows that students think of physics concepts such as
current, voltage, and resistance as variables in algebraic formulas (Cohen et al., 1983;
McDermott & Shaffer, 1992b; Métioui et al., 1996). As a result, even though a student
may be very successful in solving quantitative problems, he/she encounters many
difficulties when attempting to solve simple problems that require only conceptual
understanding of the material (McDermott & Shaffer, 1992a).

Finally, by conducting this research, the researcher not only grew professionally
but also gained new insights about the teaching-learning processes in a way that has
deeply affected her educational practices. Therefore, this study advocates action
research as the right approach to find authentic solutions to school problems as well as
to bridge the gap between practitioners and research.
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Lebanese Parents’ Perceptions of Science and Science Teaching

Lina Hajj and Saouma BouJaoude
Science and Math Education Center
American University of Beirut
Beirut, Lebanon

Introduction

Student achievement improves when parents establish a home environment that
encourages learning, have high but reasonable expectations, and are involved in their
children’s school and community education (Funkhouser & Gonzales, 1997; Henderson
& Berla, 1994; Keith, Troutman, Trivette, Keith, Bickley, & Singh, 1993; Walberg,
1984). Additionally, there is a positive correlation between parents’ school science
experiences and their children’s attitudes toward, and achievement in, science (Atwater,
Wiggins, & Gardner, 1995). There is also evidence to suggest that parental beliefs
about teaching and learning, as well as their preferences of schools and instructional
methods, are typically based on background and previous experiences (Dodd, 1995). It
is possible then, that parents’ attitudes toward science, beliefs about science, school
experiences, as well as perceptions of gender roles, influence their decisions regarding
their children’s schooling and educational environment (Andre, Whigham, Henrickson,
& Chambers, 1999).

What does research say about parents’ involvement in their children’s
schooling, perceptions of science, science teaching, and other factors that may
influence their children’s education? Research has demonstrated that parental
involvement in school learning has positive effects on achievement irrespective of the
form of involvement; involvement covers a large range, from total involvement, in the
case of home schooling to no involvement at all (George & Kaplan, 1998; Hall &
Schaverien, 2001). However, this research indicates that the most effective and
beneficial form of involvement, and the form that is most related to achievement gains
for students at all educational levels, occurs specifically when parents are actively
engaged in working with children on learning activities at home®. Yet, this research also
demonstrates that many parents are not confident in their abilities to help their children
with science homework and only about half of the parents in this study talk to their
children’s teachers about the science curriculum®.

Barton, Hindin, Contento, Tudeau, Hagiwara, & Kock (2001) have shown that
parents hold different perceptions of science and science teaching. These perceptions
include viewing science as a career, as schoolwork, as fun, and as a tool for maintaining
home and family. Some parents involved in this study saw science as unapproachable
and school-based because of its technical nature. Other parents believed that science
was one of their children’s favorite subjects and suggested that hands-on learning was
essential for improving science education.

Yet the question remains, why is it important to investigate parents’ perceptions
about science and science teaching? According to Fishbein and Ajzen (1975), attitude
and behavior are linked through a mediator variable called behavioral intention.
However, this body of research underscores the role of social influence, or the

3See http://www.nwrel.org/scpd/sirs/3/cu6.html (1989)

* These findings come from the Science Literacy Survey conducted for the American Campaign for
Science Education and Project 2061/AAAS by Global Strategy Group (November 2001).
(http://www.tryscience.org/parents/ss_2 1.html).
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subjective norm, as a determinant of behavioral intention (Ajzen & Fishbein, 1980).
The subjective norm refers to perceived social pressure to carry out a certain function
or not. This social pressure, aimed at a recipient by any external source, can take the
form of persuasion, propaganda, coercion, indoctrination or brainwashing. The outcome
can produce changes in beliefs, attitudes, behaviors or a combination of any of these
things (Crawley & Koballa, 1992). Hence, parents’ beliefs and attitudes may be
influenced by what is accepted in their communities regarding education in general and
science education in particular. These beliefs and attitudes, in turn, influence parents’
behaviors, intentions, and aspirations for their children and may have the power to
influence or pressure their offsprings’ attitudes and behavior as well. Consequently,
determining parents’ perceptions about science and science teaching is important
because of the possible effects of these perceptions on their intentions and decisions
regarding children’s schooling, classroom success in science, and future choices of
science careers.

The social pressure that Lebanese parents feel regarding the type of schools in
which to enroll their children, and the status of science in Lebanese schools, is largely
based on two factors of language and school reputation. These factors are grounded in a
cultural and educational context that is unique to Lebanon but yet, according to the
literature; draw some similarities with the diversity of the U.S.A. The first factor is that
Lebanese students study science in a foreign language. This fact is problematic for a
number of Lebanese parents because of the discord between parental proficiency or,
more often, non-proficiency in the foreign language and the need to help their children
with schoolwork. The second factor, which shows a relationship between parents in the
U.S.A.” and parents in Lebanon, includes parental perceptions of the power structure of
a school and its effect on a child’s education but a possible lack of parental knowledge
about science teaching methods.

Purpose

The purpose of this study was to investigate parents’ perceptions of school
science and science teaching. Specifically, this study attempted to answer the following
questions:

1. How do parents rate science in comparison to other subjects?

2. How do parents rate the importance of science in everyday life?

3. What are parents’ perceptions and attitudes about school science, science
teaching, and the language used to teach science®?

4. Do parents share the beliefs and understandings with schools about subject
matter knowledge?

5. Are parents aware of the different methods of science teaching and do they
advocate for their children’s needs and rights in science (such as access to labs
and computers)?

6. Do parents consider it their right to get directly involved in their child’s science
learning and are they equipped or ready for more involvement?

* See Barton et al. (2001).

® The language of instruction of science has become somewhat of a controversial issue in Lebanon.
While Lebanese students have the option to study science in Arabic, English, or French at the elementary
and middle school levels, most of them opt to study it either in French or English, even though Arabic is
the mother tongue. This situation has initiated heated, politically motivated, discussions about the issue.
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Method

Participants

Participants in the study included 646 parents who had children in grade 4
and/or grade 7 in one of 10 schools in the greater Beirut area in Lebanon. Grades 4 and
7 were chosen because they represent the first years of the second and third cycles of
basic education in Lebanon. The ages of the students whose parents answered the
questionnaire ranged between 8 and 16 years but students were mostly 9 to 10 years old
in grade 4 and 12 to 14 years old grade 7. Approximately 46% of the parents who
participated in the study were mothers, 20.4% were mothers and fathers together, 11.3
% were fathers, while 22.4% of the participants did not specify which parent answered
the questionnaire. Approximately 50% of the parents involved in this study were
university graduates. The fathers’ and mothers’ occupations are presented in Table 1.
The parents interviewed were twenty-eight mothers and one father. Three of the
mothers had children in both grades 4 and 7.

Table 1

Occupations of the Parents Involved in the Study (%) (N = 646)
Field of work Father Mother
Science related 21.1 6.6
Education 4.8 11.4
Other 71.7 20.3
Not working 2.4 61.7

The ten selected schools in the study included nine private and one public
school’. The language of science instruction was English in six schools, French in three
schools, and Arabic for Grade 4 and English for Grade 7 in one school. The
participating schools represented different socioeconomic and religious backgrounds.

Instruments

Two methods of data collection were used in this study. The first method
involved administering a questionnaire entitled “Parents’ Perceptions of Science and
Science Teaching Questionnaire”, designed specifically for this study. The second
method involved interviewing approximately 5% of the parents in order to validate the
findings of the questionnaire.

Parents’ Perceptions of Science and Science Teaching Questionnaire

The questionnaire used in this study consisted of two sections. Section A was
made up of eight items which served to collect demographic data about parents. Section
B consisted of twelve Lickert-type questions that dealt with parents’ perceptions of
science and science education. The items in section B were adapted from Andre et al.
(1999), Kopran, Bisanz, and Boehme (1998), and Smith and Hausafus (1997). These
items were modified to correspond with a Lebanese context. The issues addressed by
these questions included the language used and the language preferred in science
teaching, the effort parents believed their children should put into learning science, the
performance expectations parents held of their children in science, the perceived
importance of science in comparison to other subjects, and the use of science in
everyday life. In addition, the items addressed parents’ feelings towards science, beliefs

7 Almost 70% of Lebanese students attend private schools.

G —_—
M SMEC VIlI 179




concerning gender dominance in jobs, science-supporting activities such as watching
science programs on television, reading science books and magazines, using the
computer for science work, school and community activities related to science,
children’s actual performance and participation in these activities, and parents’ attitudes
toward science and science teaching.

The questionnaire was also translated into Arabic and an experienced teacher of
Arabic verified the translation. Both versions, the Arabic and the English, were pilot
tested with a number of parents to make sure that the instructions for answering the
questions were clear and understandable. Teachers in grades 4 and 7 distributed and
collected the questionnaires. Parents received the questionnaire in Arabic and English
and were given the freedom to answer in the language they felt most comfortable. The
response rate was approximately 80%.

Interviews

Semi-structured interviews were conducted with approximately 5% of the
parents to validate the findings obtained from the questionnaire. The parents
interviewed represented only a small sample due to convenience, meaning only the
parents who were available were interviewed. The main interview questions were also
adapted from Barton et al. (2001) and changed to suit a Lebanese context. The
questions addressed parents’ beliefs about participation in their child’s education,
practices of following up with their child’s school work, attitudes and beliefs about
school science, understanding of a number of scientific topics, and relationships with
their child’s science teacher. Interviews were tape-recorded and transcribed for
analysis.

Data Analysis

Data collected from 646 returned questionnaires were analyzed to produce
frequencies and percentages. In addition, cross tabulations were produced to investigate
possible patterns in the data. Interview data were analyzed using the process of analytic
induction to identify patterns in the tape-recorded and transcribed® responses regarding
the issues investigated in this study. Interview responses were categorized and placed in
a data table in which the rows contained the answers of each interviewee and the
columns contained the responses to each question. Analytical induction was used to
create an initial set of categories. These categories were refined as data analysis
progressed until a final set of categories was attained. These final categories were used
for a final data analysis. The resulting categories and responses were turned into
percentages so they could be compared with those in the questionnaires.

Results

Results from analyzing the data collected from the questionnaire and the
interview processes are presented below in subcategory sections. In each instance, the
results from the questionnaires are followed by the results from the interviews, when
available.

¥ The responses of each of these three parents who had children in both grades 4 and 7 were treated
separately for each child in the analysis.
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Parents’ Perceptions of the Importance of Science

The following paragraphs describe importance of science in relation to other
subjects, the importance of science and other subject areas for future success, and the
importance of science and other subjects according to gender.

Importance of Science in Relation to Other Subjects

Results of analyzing the questionnaires showed that the majority of parents
considered mathematics to be the most important subject for their children’s future
success. Seventy four percent considered math to be very important and 23.8%
considered it to be important. Thus, a total of 97.8% of the parents considered math as
very important or important. English language came second, with 95.9% of the parents
considering it very important or important, computers third (95.6%), and science fourth
(91.3 %). In summary, more than 91% of the parents considered the four subjects of
math, English, computers, and science important or very important with no apparent
pattern of preference for choosing only one subject as important.

Importance of Science and Other Subject Areas for Future Success

Parents considered science as an important subject for the future success of their
children: 89.9% of grade 4 parents and 92.7% of grade 7 parents rated science as
important or very important. The results of analyzing the data collected in the
interviews were different from the results of the questionnaire. Thirty four percent of
parents believed that there was no one important subject and that all subjects
complimented each other. Approximately 12% of the parents, however, said that
science was the most important subject because it related to daily life, 9% stated that
math was the most important, and 22% said that math and science were equally
important because they both helped children to think logically. Approximately 12% of
the parents interviewed placed science as third in importance because, according to
their answers, language skills and social manners were more essential for future
success.

Importance of Science and Other Subjects According to Gender

Science and math were equated as bearing equal importance for males and
females according to the respondents. Results showed that 92.2% of parents of male
students and 90.4% of parents of female students believed that science was important or
very important for their children. Approximately 97.4% of parents of males and 96.5%
of those of females considered math as important or very important. As for English,
95.5% and 96.7% of parents of males and females respectively considered it important
or very important. Computers were considered important or very important for 97.0%
of parents of males and 94.7% of parents of females.

Twenty eight percent of the parents claimed in the interviews that science was
equally important for both girls and boys. Only one mother said science was more
important for girls than boys. The others had no direct comment on this issue, either
because they had never thought of it or because they did not consider themselves to be
in a position to judge since they had only male or only female children.

Parents’ Perceptions of the Importance of Science in Everyday Life

The perceived importance of science in everyday life was determined by
analyzing parents’ responses to questions that specifically asked about the use of
science in everyday life and the relevance of science to everyday life.
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The use of science in everyday life: Table 2 shows that Math, English, Arabic,
Science, and Computer Science were the subjects most used in everyday life, according
to parents. This trend was followed by French and Social Studies. This finding in
regard to usefulness seemed to be associated with parents’ perceptions of the
importance of the different subject areas.

Table 2
Use of Science in Everyday Life (%) (N = 646)

Science | Math | Arabic | English | French | Computer | Social
Studies
Not used at all 3.8 1.9 1.6 23 9.5 4.5 7.7
Low use 10.0 5.2 8.9 6.1 18.3 8.0 18.8
Moderate use 30.7 | 18.2 22.1 19.9 25.6 21.1 34.2
High use 31.5| 333 25.4 334 28.2 25.9 22.1
Extensive use 240 | 414 42.0 383 18.4 40.5 17.3

The relevance of science to everyday life: Seventy two percent of the
interviewed parents related science to every aspect of their everyday life. The following
excerpts represent the ideas of a number of parents regarding the relevance of science
to everyday life:

“Science is related to everything in our life—our body, how we breathe, how
things work, the environment, food, nutrition, electricity, machines...” (M5,
Interviews’).

“One can survive without history or geography but not without science. You
discover life in science” (M 12, Interview).

“Science is a way of thinking—it helps us solve life problems, in small and big
issues. Logic guides science and science guides even the relations amongst people.
Science is useful even when you are moving a couch...if you don’t have scientific
thinking, you end up nowhere; one should not run away from it or claim that he has no
need for it” (M25, Interview).

“We bump into it [science] everywhere we go—in and outside of the house:
silverware tarnishing: oxidation, rusting iron; states of matter: liquid to gas, solid to
liquid, snow melting on the mountains at certain temperatures, sun heating matter;
when we wipe the floor: water evaporates, freezing kills bacteria...” (M 22, Interview).

Parents Perceptions and Attitudes about School Science, Science Teaching,
Gender Dominance in Jobs, and Preferred Language of Instruction

The following paragraphs present the results of questionnaire and interview
items that addressed parents’ experiences with and attitudes toward science and science
teaching, perceptions of gender dominance in jobs, and preferred language of
instruction.

M or F followed by a number represent the mother (M) or father (F) interviewed.
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Experience with and Attitude toward Science and Science Teaching

Questionnaire results showed that approximately 70% of the parents liked
science when they were students themselves. However, 85.5% of them preferred
English, 78.9% preferred math, and 74.9% preferred computers.

Interview results showed that 34% percent of parents said that they liked
science when they were students. Thirteen percent said that they enjoy science now
with their children much more than they did in the past when they were students. Nine
percent of them stated that they did not like science and another 3% said that they did
not care for the subject when they were students. According to more than half of the
parents interviewed, 54%, science only involved memorization and science classes
were mostly lectures. Sixteen percent of parents described science when they were
students as dry. A mother confirmed these statements by saying, “Science was only
memorization, there was no discussion or communication between the teacher and
students” (M3, Interview).

When asked about what science content they remembered from their school
days, 25% of the parents said that they did not remember much. Nine percent
remembered working in a laboratory, 9% doing experiments outside in nature during
elementary school, 9% doing hands-on activities, and another 9% remembered doing
dissections in high school. As for the science subjects parents remembered, 13% of
parents remembered some chemistry, 9% some physics, and only 6% remembered
studying about nutrition. The highest percentage of parents,19%, mentioned
remembering only biology, specifically human anatomy:

“I remember studying about anatomy and biology—I liked it—it led me to
nursing” (M10, Interview).

“I was much into biology—not physics or chemistry—it shows in my
children—I remember it all” (M 14, Interview).

The only father interviewed said, “I liked physics and chemistry, not biology. I
don’t remember it at the elementary level but this doesn’t mean that it didn’t provide
me with knowledge. I remember electricity, lightning rods, acids, and bases. I had a
small lab at home to work and investigate about acids. Topics we studied were tougher”
(F18, Interview).

Perceptions of Gender Dominance in Jobs

When parents were asked in the questionnaire about whether they thought males
or females held the majority of jobs in the different subject areas discussed in the study,
many of them thought there was no gender dominance in most areas. However, two
general trends were identified. The first trend was that many parents thought that men
tended to dominate in science, math, and computers while women were more dominant
in Arabic, English, French, and social studies (Table 3).

Table 3
Parents’ Perceptions of Gender Dominance in Jobs (%)(N = 646)

Science Math | Arabic | English French Computer Social Studies
Almost all women 1.6 0.2 3.0 2.1 7.2 0.5 7.3
More women than men 10.3] 3.0| 26.6 32.2 54.2 3.4 34.2
Equal numbers 4421 27.0| 555 54.8 34.2 47.8 45.9
More men than women 33.9149.7| 11.2 8.5 3.1 34.9 10.2
Almost all men 10.0 | 20.1 3.7 2.4 1.3 13.4 2.4
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Language Preference for the Medium of Instruction

The majority of schools participating in the study used English and French as
the languages for science instruction at the 4™ and 7™ grade levels and only one school
used Arabic as the language of instruction at the Grade 4 level and English at the Grade
7 level. Table 4 shows that parents preferred to use a foreign language in science
teaching at these grade levels. Additionally, parents’ preferences indicated that, even
though many of the schools used French as the language of instruction, more of them
preferred English, or both English and French, as the language of science instruction.
Table 5 shows that the type of school had some effect on the preferred language of
instruction. Approximately 12% of public school parents preferred English to French
(French being the actual language of instruction in the public school involved in this
study). Moreover, Table 5 shows that 9% of parents preferred using both languages and
a number of parents in each of the schools preferred to use Arabic, especially the
parents with children in the public schools and religious/free tuition schools. Overall,
tables 4 and 5 show that parents tend to prefer the language used in the school of their
children, with a small percentage preferring English to the other languages.

Table 4

Language of Instruction Used and Preferred for Grades 4 and 7
Language of Used Preferred
instruction

Grade 4 Grade 7 Grade 4 Grade 7
(n=314) (n=331) (n=314) (n=331

Arabic 14.6 -- 8.1 5.0
English 51.6 58.3 58.0 53.4
French 33.8 41.7 26.1 30.9
French/English 5.5 8.4
French/Arabic 2.3 2.2

Table 5.

Language of Instruction Used and Preferred by Type of School (%)
Language of Used Preferred
instruction

PR PNR P RF PR PNR P RF
(1=398) | (n=153) | (n=69) | (n=26) | (n=398) | (n=153) | (n=69) |(n=26)

Arabic 0.5 99.5 4.6 2.7 10.4 | 46.2
English 56.4 85.0 1.4 55.2 80.1 11.9 ] 38.5
French 38.5 15.0] 98.6 32.5 82| 612
French/English 59 89 9.0 7.7
French/Arabic 1.8 7.5 7.7

Note 1: PR= private religious schools, PNR= private nonreligious schools, P= public
schools, and RF= religious, free tuition school.
Note 2. It seems that a few parents made the incorrect response to the actual language
used in science instruction. The 0.5% of private religious school parents and 1.4% of
public school parents are examples of these mistakes.
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Shared Beliefs and Understandings about Science

The interviews provided the data for finding out the extent to which parents
shared similar beliefs and understandings with schools regarding subject matter
knowledge in science. Parents were asked their opinions concerning the topics being
taught to their children in science class (specifically electricity and nutrition). A slight
majority of parents interviewed, 53%, believed that all science topics being taught were
important to their children: “Topics taught are fine—I prefer what my children are
learning now—they know more than I did at their age” (M28, Interview).

Nineteen percent of the interviewed parents said that the topics being taught in
science class were good; however, what mattered most to these 19% were the teaching
methods used and practicality of the subject matter. “OK—plants are fine for example
but to teach them about things in the sea or ocean which they do not see...I don’t
know...I didn’t like the idea” (M31, Interview).

Six percent of the parents said that there was too much content in what their
children are studying in science: “There is too much ‘stuff’. They should stick to nature
at the elementary level” (M 10, Interview).

Yet, another six percent said that content needed to be more detailed and should
be given in more depth stating that the topics were difficult due to their abstractness:
“...no depth in what they are studying now—should be deeper and broader” (M12,
Interview).

According to a number of grade 7 mothers, there should be more stress on
human anatomy and physiology in particular because of the students’ ages and current
experiences with adolescence and maturity; as one mother put it, “Their bodies are
changing—the teachers can do a better job in explaining these critical issues” (M27,
Interview).

Science Teaching Methods and Parental Advocacy for their Children’s Needs and
Rights

Both the questionnaire and the interviews addressed topics related to different
teaching methods, to children’s needs and rights to participate in science-related
activities, and the extent to which students should be involved in various science related
activities.

Learning Science through Lecturing or Inquiry and Investigation

Table 6 shows that 21% of the parents answering the questionnaire believed that
lecturing should be used rarely or not at all in science teaching, 28.4% believed that it
should be used occasionally, 20.8% believed that it should be used often, and 27.6%
believed that it should always be used, “at every occasion”. The majority of parents,
61.0%, believed that learning science through inquiry and investigation should be a
priority and should occur all the time.

Table 6 shows that there was concordance between what parents thought should
happen in school and what they asked for in the school. When the results were broken
down by the school type, as evident from Table 7, the majority of parents said that they
asked schools to arrange for their children to use labs, have access to computers, learn
science through lecturing, and learn science through inquiry and investigation. The only
notable disparity was that approximately 42% of parents of public school children said
that they rarely ask schools to give their children access to computers. This finding may
be due to parents’ awareness of the limited resources available to these public schools.
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Table 6.

Parents Beliefs about Science-Related Activities in Schools (%)(N = 646)

Lab | Comp | Lect. | Ing. | Museum | Zoo | Fairs | Home
Not At all Shoulddo | 0.9 | 6.1 149 (1.0 |34 38 |29 |58
Actually 83 |[11.0 |63 34 (325 3271242 [ 149
do
Ask the 5.0 |85 13.0 |49 |85 105169 |[9.6
school
Rarely Shoulddo | 1.3 |5.0 8.3 1.9 |74 17.5| 8.7 10.6
Actually 183110 |72 |9.6 |283 32.6 1209 |21.3
do
Ask the 41 |82 9.2 |28 |10.0 18.410.8 | 10.7
school
Occasionally | Shoulddo | 15.9 304 |284 |12.5]43.1 46.4 | 40.4 | 37.7
Actually 438 |33.8 | 189 [41.9|28.0 26.1 | 31.5 | 39.1
do
Ask the 13.5(273 [283 | 154|402 438 | 37.1 | 34.0
school
Often Shoulddo |29.8 |20.3 |20.8 |23.7]17.6 13.6 | 18.8 | 18.8
Actually 162 [ 17.8 294 [228 5.5 46 |10.6 |12.0
do
Ask the 27.0 1206 |21.7 [ 238|157 11.2116.1 | 17.8
school
At every Shoulddo |52.1 382 |27.6 |61.0]28.5 19.2 1292 | 27.2
occasion Actually 133264 |382 (22357 4.1 |12.7 | 12.7
offered do
Ask the 503 355 |27.8 |53.125.6 16.1 | 29.1 | 279
school

Note. Lab = Using the laboratory during science periods; Comp = Having access to a
computer; Lect. = Learning science through teacher lecturing; Inq. = Learning science
through inquiry and investigation; Museum = Visiting a science museum; Zoo =
Visiting a zoo; Fair = Participating in science exhibits/ fairs; Home = doing home
observations and simple experiments.
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Table 7.
Percentage of Parents who Request Science-Related Activities of Schools
(Organized by Type of School)

Type of school Not | Rarely | Occasionally | Often | Atevery
at all occasion
offered
Laboratory use during science periods
Private religious schools 39 |29 14.7 29.5 48.9
(n=398)
Private nonreligious schools 7.6 |28 13.1 13.1 63.4
(n=153)
Public (n=69) 3.1 14.1 6.3 39.1 37.5
Religious, free-tuition schools | 12.0 | 4.0 16.0 40.0 28.0
(n=26)
Access to a computer
Private religious schools 7.7 |6.1 33.8 21.4 31.1
(n=398)
Private nonreligious schools 63 |5.6 13.2 16.7 583
(n=153)
Public (n=69) 18.8 | 234 18.8 23.4 15.6
Religious, free-tuition schools | 8.0 16.0 32.0 24.0 20.0
(n=26)
Science learning through teacher lecturin
Private religious schools 13.0 [ 109 26.3 22.3 27.4
(n=398)
Private nonreligious schools 18.8 | 6.3 31.9 16.7 26.4
(n=153)
Public (n=69) 3.1 6.3 32.8 25.0 32.8
Religious, free-tuition schools | 4.2 | 8.3 25.0 333 29.2
(n=26)
Science learning through inquiry and investigation
Private religious schools 4.5 24 15.3 24.5 53.4
(n=398)
Private nonreligious schools 6.3 2.8 12.7 20.4 57.7
(n=153)
Public (n=69) 47 163 21.9 25.0 42.2
Religious, free-tuition schools | 4.2 16.7 29.2 50.0
(n=26)

Familiarity with New Teaching Methodologies and Classroom Activities

When parents were asked in the interviews to name new teaching methods, 44%
said that students use the laboratory more frequently in order to apply what they learn,
25% said that students were more involved in research, 25% said that there was more
emphasis on thinking skills, and 6% said that lecturing is used more often. It is worth
noting that some parents identified newer specific teaching approaches through their
responses, such as inquiry, child-centered teaching approaches, and group work.
Typical responses of parents were:

“I know that there is more stress on understanding than on memorization. I
asked my daughter about the methods used by her teacher. According to her, the

‘ =
M  SMECVHI 187




teacher explains, asks them to read, plays games, uses sometimes indirect methods such
as inquiry” (M4, Interview).

“Child-centered education is used in some classes. The child takes the
initiative—there is a dialogue between the teacher and there is child-sharing” (M9,
Interview).

“They work in groups of four—one high achiever, one low achiever, and two
medium achievers—the message transfers better from one student to another this way”
(M16, Interviews).

Learning Science in Informal Settings

Table 6 shows that many parents indicated that visiting a science museum,
visiting a zoo, and participating in a science fair were important and should be done
occasionally. Moreover, they said that they asked schools to organize such activities.
When asked in the interviews whether or not they suggested or requested that schools
perform specific activities such as visiting museums and zoos, 22% of the parents said
that it was not their right to do so, and that the schools in which their children were
enrolled were offering or organizing as many activities as they could afford:

“It is not my right to demand from the school anything related to studying; the
school administration supplies according to capacity” (M1, Interview).

“The school staff is a better judge of such issues” (M4, Interview).

Conversely, 28% of the parents said that it was their right to demand science-
related activities but added that they may or may not do just that depending on
circumstances:

“I suggest to the school ideas, we share ideas with the school, I have the right, I
suggest trips but [ have no right to interfere in the curriculum and with teachers” (M18,
Interview).

“I suggested to the school that science projects be done in class so the work
would be done by the student, not his parents” (M24, Interview).

Sixteen percent of the interviewees believed that it was not productive to
suggest ideas to schools to improve the learning of science because schools worked
according to plans already set by the administrative staff and the teachers:

“T used to suggest things to the school administration—I don’t anymore—the
program goes on as is. Our suggestions are of no use” (M11, Interview).

Beliefs about the Types of Activities in which Children Should be Involved
Approximately 85% of parents believed that their children should read books of
any type to advance their learning of science, 76% believed that they should use the
computer for science schoolwork and homework, 69% believed that they should only
use the computer for science three times a week or more, and 55.6% believed that
children should read science fiction books more than three times a week. For the other
school-related home activities—such as watching nonfiction science programs,
watching science fiction programs, reading science books, reading science fiction and
nonfiction books or magazines, reading other fiction and nonfiction books or
magazines—parents believed that children should perform these activities between
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once and three times a week. It is worth noting that a sizeable number of parents
preferred that their children read nonfiction or science fiction books rather than other
types of books. When the data related to computer usage for general schoolwork and
for science work was analyzed by grade level, it was found that most parents believed it
was more appropriate that older children use computers more than younger children.

Parental Perceptions of the Activities Provided by Schools

Only 13.3% of the parents surveyed believed that their children actually used a
science laboratory at every occasion, 16.2% believed that they used a laboratory often,
43.8% believed they used a laboratory occasionally, and 26.6% believed they did not or
rarely used a laboratory. The data also showed that parents thought that 26.4% of the
students had access to a computer anytime, 17.8% thought they had access often, 33.8%
thought they had access occasionally, and 22% thought they did not or rarely had
access. As for visiting a science museum or a zoo, approximately 65% of the parents
believed that their children were rarely or never involved in such activities; as for
science fairs, 31.5% of parents thought that their children participated in science fairs
occasionally, and 45.1% of them thought that their children rarely participated or didn’t
participate in science fairs. However, when it came to doing simple experiments and
scientific observations at home, 39.1% of parents said that their children did that
occasionally.

The extent to which parents thought that their children performed certain
activities according to school type yielded differences in the data. Parents of students
in private religious schools, private nonreligious schools, and private religious tuition-
free schools thought that their children used laboratories occasionally (45.3%, 52.8%,
and 32.0% respectively), whereas 33.3% of parents of public school students thought
that their children used the laboratory often and 38% thought that their children used
laboratories either at every occasion offered or occasionally.

Student access to computers also varied depending upon the type of school. In
private religious schools 23.4% of parents said that students had access to a computer at
every occasion offered, 23.1% of parents stated their children had the same type of
access in private nonreligious schools, and 20.0% said the same about access in private
religious tuition-free schools, whereas only 9.4% of public school parents said their
children had that same type of computer access in school.

Finally, the highest percentage of parents who said that their children at least
occasionally participated in science exhibits or fairs were from private nonreligious
schools (69.7%), followed by private religious school parents (52.3%), public school
parents (43.5%), and religious tuition-free school parents (36.0%). It is worth noting,
however, that in the interviews 44.0% of nonreligious school parents, 39.7% of public
school parents, and 26.1% of private religious school parents said that their children
never participated in science fairs or exhibits.

Parental Beliefs about Teaching/Learning Methods used in Schools

Table 6 shows that the majority of parents believed that their children learned
science either through lecturing or inquiry and investigation. This may indicate that
parents believe that teachers use different types of methods when teaching science with
no preference to one method over the other.

The Availability of Resources at Home

When asked in the interviews about the resources available for children at
home, 88% of Grade 7 parents said that their children had access to different types of
resources such as books and encyclopedias while 75% said that they had access to
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computers. Similarly, 75% of Grade 4 parents said that their children had access to
different types of resources such as books and encyclopedias while 63% of them said
that their children had access to computers. However, none of the interviewed parents
whose children were in the public school said that they had a computer at home:

“We have no computer and few science books; my child does not use them”
(M1, Interview).

“He has science books—does not like reading them, does not use them. We
don’t have a computer, my relatives have one on which he works sometimes” (M2,
Interview).

Forty-seven percent of the interviewed parents said that they provided their
children with the opportunity to conduct science-related activities at home and
confirmed that their children actually did many science-related activities at home:

“We talk about science all the time! He has a microscope—John traps insects
and observes them, plays with his science kit...he knows about the computer more than
I do and Lea is also doing fine in computers without my help” (M32, Interview).

“[My Child], who is in Grade 7, works with electrical stuff a lot. I buy him what
he wants, of course if I find what he wants relevant. He likes science fiction movies. He
uses computer CDs if he has an assignment or to help his younger sister, [otherwise] he
plays games” (M28, Interview).

Many parents claimed that doing schoolwork did not leave their children time
to do extra activities at home:

“Nothing outside the curriculum is done at home. The boy likes to play with
electronic stuff: computer, toys, electricity. The boy and the girl watch documentaries.
[We] have encyclopedias, a computer...I take them on science outings if I get to know
about such events and if they are not too expensive” (M10, Interview).

“We don’t do much outside the curriculum. We have books and CD’s but they don’t
use them much; they are more interested in music” (M23, Interview).
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Parents’ Involvement in their Children’s Science Education and Readiness for
More Involvement

Parental involvement was investigated at several levels, in both the
questionnaire and in the interviews. Issues addressed included encouragement and
emphasis of the importance of science, discussions at home about school science and
science teachers, help with assignments, parent/teachers meetings, the nature and extent
of parents’ involvement in their child’s schooling, and parents’ personal hopes of
pursuing higher education.

Emphasizing the Importance of Science

Fifty five percent of the study’s parents let their children know at every
occasion that science is important for them in the future. This practice was more
evident in the responses of grade 4 parents (61.9%) than of grade 7 parents (48.9%).
Similarly, the majority of parents (83.1%) said that they encouraged their children to do
well in science, while 56.3% praised their children by recognizing that they were good
in the subject. This verbal encouragement and recognition was also more evident in the
responses of grade 4 than of grade 7 parents: 88.3% of grade 4 parents compared to
78.2% of grade 7 parents encouraged their children to do well in science, while 62.7%
of grade 4 parents compared to 50.2% of grade 7 parents let their children know that
they were good in the subject at every possible occasion.

Discussing Science and Science Teachers at Home

Approximately 52% of parents (57.4% in Grade 4 and 46.3% in Grade 7) said
that they talked to their children about school science. Additionally, 32.1% of parents
said that they discussed their child’s teacher with him or her occasionally, 23.4% often,
and 30.1% at every occasion offered. On the other hand, 31% of parents said that they
rarely or never discuss school science or their child’s science teacher at home:

“I don’t know what happens in class, I don’t ask her” (M31, Interview).

“He doesn’t discuss it with me...only if something special took place” (M23,
Interview).

In the interview data, 19% of parents said that they discussed science at home
and that they knew exactly what happens at school during the science period:

“I know every detail of what happens: my daughter comes home and goes over
everything that happened” (M9, Interview).

“I discuss with my daughter what happens in class during the science period.
She explains to me how she needs to study the way her teacher instructed the class to”
(M3, Interview).

Fifty percent of the parents said that they discussed science occasionally and
had some knowledge of what was happening in class:

“I discuss it from time to time; my wife is more involved with them” (F,
Interview).

“My child does not discuss school much at home but I still find out about what
happens since his teacher is my colleague” (M19, Interview).
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Helping with Assignments

When asked in the interviews about the type of help they offered their children,
74.4% of grade 4 parents and 66.1% of grade 7 parents said that they help their children
in any way possible to achieve more and excel in science. More specifically, 75% of
grade 4 parents said that they helped them with their homework while 38% said that
they helped them with research assignments.

“I just make sure that he knows the material. We help him in the research
projects required at school” (M5, Interview).

Only 25% of grade 7 parents indicated that they still help their children with
homework assignments—68% said that they help much less now than when their
children were younger; they mainly only help now when the child asks for help. Some
grade 7 parents, 38%, said that they still help when the assignment requires research:

“I help her now less than before. She should start depending on herself. I might
help with research sometimes...” (M3, Interview).

Meeting with Teachers

The majority of parents surveyed in the questionnaire, 72.4%, said that they met
with their child’s science teacher at least occasionally, 10.4% of the parents indicated
that they did not ask for parent/teacher meetings, and 17.1% rarely met with teachers.
Along these same lines, when asked about meeting with the teacher in the interviews,
13% of the parents said that they never asked for an appointment with teachers:

“No, there is no need to ask for an appointment, the teacher can help better if
my child has a question...my son is doing fine and he loves science” (M5, Interview).

Conversely, 34% of the parents interviewed said that they met with the teachers
upon the school’s request, which took place during regular parent/teacher meetings:

“I meet with the teacher upon the school’s request; I try to find out about what
is expected from the children and about the teaching/learning process” (M3, Interview).

Another 34% of the interviewed parents said that they asked for appointments
regularly to keep track of their children’s progress:

“I come to school to inquire about my son, it is my right and it is a necessity,
every mother should” (M2, Interview).

“I meet with her [the teacher] always. My child is very active...I inquire about
his behavior and performance in class” (M16, Interview).

Finally, 25% said that they took appointments with their child’s teacher only if
they noticed that their child was facing problems:

“T ask for an appointment if his grades are dropping—to find out the reason
behind it” (M5, Interview).

The Nature and Extent of Parental Involvement
One of the questions of the interview was about the nature and extent of
parents’ involvement in their child’s science education and about how long they
expected to persist in this involvement. In response to this question, 34% of the parents
said that they got involved as much as they could and would continue to be involved:
“We get involved as much as we feel there is a need to and we help as long as
they ask for it” (M5, Interview).
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However, 34% of grade 7 parents said that they expected their adolescent
children to be autonomous learners who work by themselves and need less help from
their parents.

Willingness to Pursue Higher Degrees

Approximately 63% of the parents interviewed expressed their willingness to go
back to school or college in order to study and be able to assist their children better with
their homework and other school assignments. Nineteen percent wanted to study
computers:

“I would like to learn everything related to computers—I do not like to be
ignorant in [the subject]—my children know much more than I do, they talk about
things I don’t understand” (M4, Interview).

“I needed to know more about computers and took some courses recently” (M8,
Interview).

Moreover, 22% of parents said that they needed to update their general
knowledge:

“What I actually need is a refresher [and] I need to go back to school to finish
my degree. The older [my child] gets, the more I think I need to understand what he is
studying (M15, Interview).

“I need maybe new ideas on hands-on activities to apply at home and here at
school...workshops help” (M13, Interview).

Finally, 6% percent of the parents said they needed to study psychology and
pedagogy, 9% said that they needed to improve their English language skills, 19%
claimed that they did not need to study further, while 3% said that they have no time to
pursue studying.

Discussion

Although the questionnaire data showed that more than 90% of the parents
involved in this study considered science as one of the most important subjects, the
interview responses tell a different story. The interview data showed that less than half
of the parents perceived science to be as important as other subject areas, including
math. In addition, results from analyzing the questionnaire showed that parents
considered math, science, English, and computers slightly more important for males
than females even though the interviews showed that parents, mostly mothers in this
study, thought that science was equally important for males and females.

It seems that Lebanese parents are quite aware of the needs of students in the
modern technologically-enhanced world in which English has become a major
language for science and commerce. Parents in all school types, including the schools
in which French is the language of instruction for science and math, considered English
more important than other languages. It seems that the cultural milieu and parents’
perceptions of what others, who bear significance in their communities, think is
important in opinion-formation. This represents the subjective norm in the theory of
reasoned action—how parents perceive the importance of certain academic subjects is
influenced by outside sources and plays a central role in determining parental attitudes
and behavioral intentions. The preference of English by most parents may represent an
example of societal and environmental influences on intentions and also on behavior.
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In addition to being aware of student needs in a changing world, parents, mainly
mothers in this study, were aware of the importance of science in everyday life. As one
mother said, “Science is where, how, and why we live. Everyday uses [include] our
body, how things work around us, everyday experience” (M14, Interviews). Hence,
science was deemed not only important as an academic subject but also as a tool for
improving the quality of life as was further evinced through the parents’ emphasis on
science as related to health and nutrition, an emphasis that may reflect a utilitarian view
of science. The prominence of utilitarian views of science in this study is different from
what Abd-El-Khalick and BouJaoude (2003) found in their previous study of Lebanese
students’ perceptions of science and its usage in everyday life. The results, however,
were similar to those of Barton et al. (2001), Brickhouse, Lowery, & Schultz (2000),
and Smith and Hausafus (1998), who found that parents see the importance of science
in everyday life. The differences between the results of this study and the 2003 study
conducted by Abd-El-Khalick and BouJaoude may be due to the fact that these two
authors investigated intermediate school students’ perceptions about science and its
usage in everyday life while this study was concerned with parents’ perceptions.

Parents involved in this study seemed to most value the four subjects of math,
science, English, and computers. These four subjects are interrelated. Lebanese parents
may value science and subjects related to technology because they perceive these
subjects as vehicles for success in the modern world (Abd-El-Khalick & BouJaoude,
2003; BouJaoude, 2002; Smith & Hausafus 1998). Within this context, English
becomes important because of its prominence as a language of science and technology.
Related to this issue is parents’ preference of using English as the language for teaching
science. It follows that parents may have thought that since English is an important
language for excelling in science and technology, then it makes sense to teach children
while using this language to give them somewhat of an advantage in a world that is
saturated with technology and science. This argument is supported by the findings from
the interviews of parents with students who were studying science in Arabic. These
parents thought that their children were being put at a disadvantage, especially because
their children struggled with science when they reached grade 7 more than students
from other schools that reached grade 7 having studied science in a foreign language.
While these parents were logically convinced that teaching and learning science in the
mother tongue was beneficial for children, they were afraid that schools were not
providing their children with all the necessary tools for success in their future lives,
which is yet another utilitarian argument.

It seems that parents’ decisions regarding schooling issues were not only based
on their personal convictions but rather on social pressures or on the subjective norms,
to use the terminology of the theory of reasoned action, which helped to shape their
perceptions.

Results of this study did not show any noteworthy gender effects in parental
perceptions of science and science teaching indicating that gender stereotyping is not
rampant, at least in the parents’ responses from the schools involved in this study.
However, a sizeable number of parents still thought that science-related jobs were the
domain of males. Parents may have thought that although the present bears some biases
in hiring, the future may represent a different reality.

Similar to what was found by Dodd (1995), Link (1990), Neuman, Hagerdorn,
Celano, & Daly (1993), and Milburn & Byler (1995), concerning subject matter content
and curricula, approximately half of the parents interviewed accepted that what the
schools decided on was the appropriate science curriculum. However, the other half,
47%, had various views concerning this same issue. This number represents a
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significant percentage of parents who either did not agree with the schools’ offerings or
wanted some changes introduced in the curriculum. This is a sensitive issue whose
resolution is not straightforward. The pertinent questions are: Whose responsibility is it
to determine the nature and content of the curriculum? How can the needs and desires
of all stakeholders in the educational process be met? To what extent can or should a
parent intercede in school offerings? These and other similar questions may require
more in-depth discussions among all stakeholders in the educational process. Moreover,
these questions represent the effect of another component in the theory of reasoned
action—control beliefs and perceived behavioral control.

The responses gathered concerning learning science through lecturing or
learning science through inquiry and investigation reflected the varied opinions and
apparent uncertainty of parents concerning teaching methods. The questions related to
preferences in science teaching methods produced an inconsistency in parents’
responses. While approximately half of the parents asked that their children learn
science by lecturing, around 70% of the same parents asked the school to arrange for
their children to learn science through inquiry and investigation. This finding suggests
that approximately 50% parents want their children to learn science through a variety of
methods. This apparent contradiction in views was confirmed by the mother’s answers
during the interviews. While the interviews showed that some parents were aware of
the science teaching methods used in school, such as inquiry, hands-on activities, and
group work, only 20% of them preferred inquiry and investigation and some others
preferred lectures. It is possible, however, that although these responses seem
contradictory, they may in fact reflect an eclectic view of teaching which suggest that
teachers need to use whatever method is appropriate for the subject being taught with
no clear preference of one method over the other.

Parents’ beliefs were more consistent in their responses to the questionnaire
items related to school and community activities, such as using the laboratory during
the science period, having access to a computer, joining a science fair, and visiting a
science museum or a zoo. The factor that influenced both school and parental
implementation of these activities was found, through parents’ responses, to be
economic situations. An interesting issue in this respect was that this same factor
seemed to influence parental willingness to advocate for such activities. (More parents
of private school students than parents of public and tuition-free school students said
that they would advocate for these activities). There are at least two ways to interpret
this finding. First, it could be that known economic difficulties, of parents and of
schools, influenced what parents said in the questionnaire and in the interviews.
Second, it could be that disadvantaged economic situations correlate with a lack of
knowledge and awareness of school rights and responsibilities; the same parents, with
children in public and tuition-free schools, who do not normally advocate for their
children to have access to more activities, are typically of a lower socioeconomic status
than parents in private schools.

Parents’ readiness to advocate for the use of science-related activities in schools
is a significant finding of this study. According to the theory of reasoned action, which
states that intentions are good predictors of behavior, it was expected that parents of
private school students would request positive changes in their children’s school
regarding science-related activities while parents of public and tuition-free schools
would not. As a result, this phenomenon may lead to the unfortunate situation where
those who are already participating in activities get more opportunities to do so, while
those who are not participating in activities continue to be deprived of them.
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Finally, a noticeable finding of this study was that parental moral support and
involvement in school-related activities, in general, and science-related activities, more
specifically, decreased as their child grew older. The number of parents who
encouraged their children to do well in science, discussed science and the science
teacher at home, helped with science homework and projects, and met with their child’s
science teacher, dropped considerably once students reached a higher grade. This point
was specifically confirmed in the interviews of grade 4 and grade 7 parents. The finding
may reflect parents’ inabilities to help their older children in science because of the
novelty and increased difficulty of science topics at the higher level. Moreover, it could
point to the fact that many parents want their older children to become independent
young adults who are capable of taking charge of their studies and their academic lives,
as indicated by a number of the interviewed parents.
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Niveau d’entrée et conceptions de futurs enseignants de Biologie
a propos de la recherche

Andrée Thoumy
Université Libanaise, Faculté de pédagogie, Liban.
thetys@cyberia.net.1b

Introduction et problématique

La formation des enseignants par la recherche (ou par production de savoir), et a
la recherche (ou l'enseignement envisagé comme objet de recherche) représente
aujourd'hui une tendance générale dans les pays industrialisés et la pratique de la
recherche par les sujets constitue I'enjeu majeur de ce type de formation (Barbier,
1991). Aux Etats-Unis, les "Schools of Education" allient formation et recherche
(Lemosse, 1991) et selon ce méme auteur "idéalement, recherche et pratique doivent se
nourrir mutuellement". De méme, de nombreuses expériences sont rapportées dans
différents pays européens (Norvege, Espagne, Portugal, RFA) (Barbier, 1991).

Au Liban, depuis 1979, la formation des enseignants de 1'enseignement public et
¢ventuellement privé du niveau secondaire, a la Faculté de Pédagogie de I'Université
Libanaise, comporte un cours de Recherche en Education (Ministére de 1'Education
Nationale, 1979). Celui-ci a pour but de préparer les futurs enseignants a réaliser des
mémoires pour l'obtention du DES (Diplome d'Etudes Supérieures) en Didactique des
différentes disciplines ou pour l'obtention du CAPES (Certificat d'Aptitude pour
I'Enseignement Secondaire), et la recherche est ici entendue dans son sens heuristique,
c'est-a-dire comme un moyen de découverte de nouveauté.

A cdté de cet objectif, la formation a la recherche permet de dynamiser la
pensée des enseignants, de favoriser leur développement intellectuel, de promouvoir
leur pensée créative et de faire en sorte qu'ils deviennent producteurs et non seulement
consommateurs de science. Elle leur permet enfin une meilleure appréhension des
mécanismes de la production des savoirs scientifiques ou autres, ainsi que de
comprendre et d'expliquer les situations d'enseignement-apprentissage. Thoumy, 1997,
estime que la pratique de la recherche par les formateurs d'enseignants améliore leurs
propres pratiques professionnelles en élevant le niveau des objectifs de la formation; de
méme, la réalisation de recherches par les formés les initie a I'épistémologie de la
science et aux méthodes de production du savoir.

Cette formation a la recherche se déroule toutefois dans un contexte régional et
national peu favorable. Le Liban, pays en voie de développement, appartient au Monde
Arabe ou la recherche est peu développée. Selon Younes, 1996, les pays arabes
posseédent 1.4% des savants du monde entier et le nombre de ceux-ci est de 363 par
million de la population, comparé aux 3359 par million en Amérique du Nord et 2206
par million en Europe. Cet auteur signale également que le pourcentage des crédits
accordés a la recherche par rapport au produit national brut représente 2.92% dans les
pays industrialisés et seulement 0.7% dans les pays arabes (UNESCO, 1991 a et b) (cité
par Youngs, 1996).

Des données plus récentes indiquent pour 1996 une augmentation du nombre de
chercheurs au Japon et pour 1993, aux Etats-Unis, tandis qu'une baisse est signalée
pour le Monde arabe en 1997 (UNESCO, 1999). Quant au Liban, il n'est pas
mentionné sous la rubrique: "Chercheurs, techniciens et autre personnel de soutien
employé a des travaux de recherche et de développement” (UNESCO, 1999 et 2003).
Toutefois des données indiquent pour ce pays environ 540 chercheurs/million
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d'habitants (C.N.R.S.L, 1995). Ces données sont confortées par celles fournies dans un
bilan sur 1'état de la recherche dans les universités francophones au Liban, ou il est
signalé que les ressources et les moyens mis a la disposition de la communauté
scientifique libanaise sont trées modestes ou parfois inexistantes (AUPELF-UREF,
CNRS, 1995).

Par ailleurs, l'enseignement, resté traditionnel jusqu'a la réforme de 1997 (MEN,
1997) ne favorisait pas le contact des apprenants avec les méthodes des sciences
(Thoumy, 1984). De plus, seuls quelques professeurs de 1'université et quelques
formateurs de maitres sont des chercheurs.

Cette formation a la recherche qui suppose une rupture avec les formations
antérieures, implique 3 catégories de facteurs: cognitif, psychologique et social. Sur le
plan cognitif, toute formation est tributaire des conceptions des apprenants (Giordan et
de Vecchi, 1987) et la connaissance des conceptions des sujets est un préalable a tout
apprentissage en vue d'identifier les obstacles a cette formation (Giordan et al., 1994).
En ce sens, les recherches ont montré que méme dans les pays industrialisés, la
formation des enseignants a la recherche rencontre divers obstacles. Ainsi, Henson,
1996, signale que le manque de confiance des enseignants en eux-mémes constitue un
obstacle; en effet, ceux-ci prétendent ne pas avoir les connaissances statistiques ni les
compétences nécessaires pour faire de la recherche. En France, des recherches ont
montré que, pour certains €léves, la notion de recherche et de production du savoir
scientifique leur est inaccessible et est rattachée a 1'idée de "don" (Bazile et al., 1996;
Zimmermann, 1996). Quant au plan social, il est admis que les institutions ne sont pas
imperméables a leur environnement mais plutdt subissent des contraintes qui en sont
issues.

Notre travail vise a connaitre le niveau d'entrée et les conceptions de futurs
enseignants de Biologie libanais a propos de la recherche dans le but d'identifier les
obstacles majeurs a leur formation a cette activité, et d'adapter celle-ci au niveau des
formes.

Définition des concepts

Le niveau d'entrée est entendu comme l'expérience théorique et pratique des
sujets dans la recherche. Les conceptions sont les idées préexistantes chez les sujets sur
un théme précis avant I'apprentissage. Les obstacles sont les empéchements cognitifs
et/ou affectifs a l'acquisition d'un concept ou d'une démarche. Astolfi et Peterfalvi,
1997, les décrivent comme des structures et modes de pensée résistant a un
apprentissage scientifique. Enfin, la recherche est une activité systématique
d'investigation sur un probléme précis dans un domaine de la connaissance en vue
d'établir des faits nouveaux et des relations nouvelles. L'idée d'investigation est
primordiale dans la recherche.

Les questions de recherche
Si I’on admet que toute intervention lucide suppose une estimation préalable des
connaissances et la prise en compte des conceptions des apprenants a propos d’un
théme donné, on se demande quels sont le niveau d’entrée et les conceptions des futurs
enseignants a propos de la recherche. Les questions de recherche sont donc les
suivantes:
- Quel est le niveau d'entrée des futurs enseignants a propos de la recherche?
- Quelle est la nature de leurs conceptions sur la recherche et sur le chercheur?
- Quelle est la nature des obstacles éventuels que ceux-ci affronteront lors de leur
formation?
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Les hypothéses
Les futurs enseignants n’ayant jamais ¢té en contact avec le monde de la
recherche , nous estimons que leurs conceptions seront dépourvues des notions sur les
processus de la découverte scientifique. Le contexte étant également défavorable, nous
faisons les hypotheses suivantes:
- Les suyjets seront davantage dépendants du contexte que de l'aspect académique
- Le niveau d'entrée (expérience théorique et pratique) sera bas
- La conception de la recherche ne sera pas de type heuristique
- Les caractéristiques du chercheur seront des traits de personnalité et non des
aspects objectifs susceptibles d'étre remaniés par la formation
- Lavariable de contexte aura une influence négative sur les sujets.

En vue de tester nos hypothéses, un questionnaire sera administré & un groupe
de futurs enseignants de Biologie du niveau secondaire. Les résultats de la recherche
permettront d’adapter les interventions au niveau des formés en vue d’obtenir la
formation la plus efficace.

La méthode de travail
1 - L'échantillon

Nombre Sexe Age Expérience Diplome Situation
profes. actuelle
3 Q i i Licence Enseignants
Biologie
17 5 12 25 ans 2.35 ans 17 12

Tableau 1: Caractéristiques de I'échantillon

Ces sujets sont inscrits a 1'Université Libanaise pour les années 1999 et 2000 en
vue d'obtenir un DES en Didactique de la Biologie. Signalons que dans le cadre de leur
formation, ils ont re¢u durant le premier semestre de 1999 une formation a la pratique
de la démarche expérimentale comme méthode heuristique et d'investigation en
Biologie dans ses 2 aspects théorique et pratique. Un travail personnel mettant en jeu
toute la démarche scientifique (perception et formulation de probléme, élaboration
d'hypothéses, test des hypotheses et déduction a I'effet de facteurs) était exigée, ce qui a
pu leur permettre de transférer leurs connaissances dans ce domaine a la Recherche en
Education qui est au programme du 2°™ semestre de la méme année.

2 - Le questionnaire

Le questionnaire compte 7 questions. La premiére vise a déterminer
l'expérience pratique antérieure des sujets dans la recherche (effectué¢ ou participé a),
sans précision sur la nature scientifique ou didactique de celle-ci. Des preuves étaient
exigées (titre et contenu d'une recherche réalisée ou a laquelle ils auraient participé); la
question 2 permettait d'identifier un aspect de I'expérience théorique (lire une
recherche) et les questions 3 et 4 demandaient de fournir des preuves de cette lecture:
titre, nom du ou des auteurs, et nom de la revue pour la recherche lue. Les réponses
devaient couvrir la période allant de 1995 a 1999, la derniére année étant celle de leur
inscription a la Facult¢ de Pédagogie afin de situer leur premier contact avec la
recherche. Les conceptions a propos du chercheur et de la recherche étaient sondées a
partir de 2 questions ouvertes. Enfin, une question sur le niveau de développement de
la recherche au Liban était posée et la réponse quelle qu'elle soit, devait étre justifiée.
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Les résultats
Question 1/ Ont effectué ou participé a une recherche (n=17)

Recherche Recherche. Aucune Total
investig. bibliogr.

Effectué 6% 6%
Participé a 24% 24%
Effectué 40% 40%
Ni effectué ni 30% 30%

participé

Total 30% 70% 100%

Tableau 2: Expérience pratique antérieure des sujets en %

70% des sujets n'ont aucune expérience pratique antérieure dans la recherche et il y a
une ambiguité sur le terme "Recherche" pour 40% d'entre eux. La seule recherche citée
(6%) qui est celle effectuée a la Facult¢ de Pédagogie lors du cours sur la démarche
expérimentale ne semble pas avoir été identifiée comme telle par tous les sujets du
groupe bien qu'ils aient réalisé une recherche similaire. Seuls 24% disent avoir
participé a une recherche. Une recherche n'est donc considérée comme telle que si elle
est assumée par un autre chercheur indiquant que les sujets manquent d'autonomie et de
confiance en soi.

Q 2; 3 et 4/ Ont lu des recherches (n=17)

Catégorie | Ont lu Titre Contenu Auteur Revue Date
Av. 1999 1999
% 100% 65% 82% 35% 47% | 70% | 30%

Tableau 3: Pourcentage des sujets ayant lu une recherche avec preuves

30% ont lu la premiere recherche a la Faculté de Pédagogie (apres leurs études de
licence. Seuls sont connus les noms des auteurs avec lesquels les sujets ont une relation
personnelle (directeur de recherche, enseignant-chercheur, etc.) (6 sujets). Les sources
de la lecture ont différents niveaux scientifiques. La majorité sont des revues
¢trangeres.

Q 5/ Les caractéristiques du chercheur (n=16)

Esprit scientifique: il utilise une méthode 70%
Curiosité scientifique: il se pose des questions 63%
Objectif, logique 38%
A des connaissances 38%
Bon observateur 38%
Raisonnement scientifique 19%
Patient, persévérant, sérieux 19%
Enthousiaste, motivé, passionné, intéressé 19%
Esprit critique 13%
Créativité, dynamisme intellectual 13%

Tableau 4: Caractéristiques du chercheur
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Les caractéristiques dominantes du chercheur sont celles qui peuvent é&tre
affectées par la formation: l'esprit scientifique (70%) et la curiosité scientifique (63%).
Les traits de personnalité (passion, enthousiasme, patience, persévérance, sérieux) ont
des valeurs plus petites. La créativité, le dynamisme intellectuel sont mentionnés. Le
chercheur est per¢u davantage comme un individu qui effectue un travail intellectuel en
utilisant des méthodes particuli¢res plutdt que comme doté de dons magiques.

Q 6/ Niveau de développement de la recherche au Liban (n=16)

13

1

—
Oui Peu Non

Tableau 5: Effectif des sujets pour le développement de la recherche au Liban

Un seul sujet affirme que la recherche est développe au Liban, 13 sujets (81%)
la considérent comme non développée et 2 sujets comme pas tres développée. Pour les
justifications des "non" on trouve:

Manque d'argent; absence de centres, de laboratoires, de 69%
bibliotheques
Attitude passive de réception des recherches étrangéres; complexe 38%

d'infériorité par rapport aux étrangers; les recherches ont déja été
faites; les chercheurs libanais copient les recherches déja faites; il n'y
a pas de vrais chercheurs au Liban.

Les chercheurs sont rares 31%
Systeme d'enseignement; ignorance de la recherche par les 25%
enseignants

Recherches non diffusées; manque de contact avec les chercheurs 19%
Responsabilité politique 6%

Tableau 6: Raisons justificatives de 1'absence de développement de la recherche au
Liban

L'aspect économique (69%) est dominant suivi des facteurs psychologique et
pédagogique. Le facteur psychologique indique chez les futurs enseignants une image
négative des chercheurs libanais qui ne sont pas "de vrais chercheurs" et qui "copient
les recherches déja faites". Un aspect frappant de la conception consiste dans l'idée
qu'ils se font d'eux-mémes face a la recherche. En effet, ils reconnaissent une attitude
passive généralisée de réception des recherches étrangéres et un complexe d'infériorité
par rapport aux chercheurs étrangers. 25% critiquent le systéme d'enseignement
caractérisé par la transmission des connaissances plutdt que par leur construction, et
notent l'absence de chercheurs parmi les enseignants. De méme, 19% constatent une
circulation déficiente de 1'information et une communication insuffisante des résultats
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des recherches. Enfin, un seul sujet note I'absence d'intérét pour la recherche au niveau
officiel.

Q 7/ Définition de la recherche

Travail; activité humaine; effort; activité intellectuelle 56%
M¢éthode; procéd¢; expérience; enquéte; étude 56%
Trouver des solutions a des problémes scientifiques; établir des 50%
lois scientifiques; découvrir une chose nouvelle

Trouver les causes; expliquer des phénomenes 31%
S'appuyer sur les travaux antérieurs 13%
Produire ou améliorer la science 13%

Tableau 7: Pourcentage des caractéristiques de la recherche

Les sujets pergoivent la recherche comme un métier intellectuel utilisant des
méthodes spécifiques, s'appuyant sur des connaissances et visant des buts immédiat et
lointain, ce qui correspond a sa réalité.

Les obstacles

Le terme de "Recherche" est ambigu pour plus du tiers des sujets qui
confondent entre recherche bibliographique et recherche investigative, imposant la
nécessité de définir ce concept de manicre claire. Une deuxieme ambiguité consiste
dans le fait que les sujets qui n'ont pas encore de formation didactique envisagent la
recherche comme spécifique des sciences exactes ce qui nécessite de leur faire admettre
l'enseignement comme objet de recherche. Un 3™ obstacle réside dans le fait que les
connaissances théoriques des sujets a propos d'une méthode de recherche en sciences,
c'est-a-dire la démarche expérimentale en Biologie, ont paru rigides et non
fonctionnelles, en ce sens qu'elles n'ont pas été mobilisées et utilisées en vue de
considérer le travail d'investigation qu'ils ont effectué eux-mémes comme une
recherche. Ils ne considérent donc une recherche comme telle que si elle est assumée
ou dirigée par un chercheur confirmé, et ils identifient les recherches, non sur la base de
criteres objectifs mais sur le statut académique et institutionnel de l'auteur. De la, la
nécessité de préciser les criteres de la recherche et de favoriser un contact plus
diversifié avec celle-ci en vue de consolider ce concept chez les futurs enseignants.

L'absence d'un mode¢le d'identification libanais, joint a une circulation déficiente
de l'information produite par les chercheurs libanais, ainsi que le fait que les sources
scientifiques soient presque exclusivement étrangeres (frangaises ou américaines), ont
créé une image négative du chercheur libanais, et ont conduit & un manque de confiance
en soi chez les sujets, a un complexe d'infériorité par rapport aux chercheurs étrangers,
et 2 une image de la recherche comme un domaine impénétrable et inaccessible pour
eux.
Au total, les obstacles qui s'opposent a la formation des futurs enseignants a la
recherche s'avérent nombreux et doivent étre traités a plus ou moins long terme si 1'on
veut aboutir a des formations réussies dans ce domaine.

Les implications pour la formation des enseignants

La passation d'un pré-test avant toute activité¢ d'enseignement-apprentissage peut
aider le formateur a situer les sujets en formation et a identifier leurs lacunes et les
obstacles qu'ils affrontent de manicre précise. C'est sur les données fournies par le pré-
test que 'enseignement devrait étre basé.
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La nécessité de faire lire des recherches aux enseignants en formation peut les
aider a stabiliser le concept et a participer par ce moyen a leur propre formation. La
diffusion de recherches libanaises dans les universités peut contribuer a modifier la
perception qu'ont les sujets a propos de la recherche et des chercheurs au Liban. De
meéme, faire participer les apprenants aux recherches effectuées par les formateurs
chercheurs ou au moins la communication des résultats de leurs recherches lors de la
formation peut avoir un impact positif sur eux.

Un aspect fondamental de cette entreprise de formation réside dans la promotion
de '"l'esprit de recherche" (Ducruet, 1995) par une révision des méthodes
d'enseignement. Si, dans 1'immédiat, un Ministére de la recherche et une politique
nationale de la recherche ne sont pas effectives, par contre |'émancipation de
I'université et son ouverture aux pédagogies de construction du savoir peuvent
familiariser les sujets avec la recherche. Or, dans de nombreux domaines scientifiques,
l'enseignement reste traditionnel.

En définitive, si une interaction entre les diverses institutions et entre les
chercheurs et les enseignants en formation s'impose, dans I'état actuel, il apparait que la
recherche ne constitue pas pour les enseignants et "pour la société (libanaise) a laquelle
ils appartiennent une valeur a laquelle ils sont plus particulierement attachés" (Crozier
et Friedberg, 1977).

Un tableau synoptique résumant les différents facteurs intervenant dans cette
situation est présenté a la page suivante.
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The Role of Practical Work and its Impediments to Effective Practice: as
Perceived by Students, Teachers, and School Supervisors

Hassan H. Tairab and Ali K. Al-Nagbi,
Department of Curriculum and Instruction, COE,
United Arab emirates University

Al- Ain, United Arab Emirates.

This study explored views held by secondary school science students, science
teachers, and science supervisors about the role of practical work and the impediments
to its effective contribution to learning. The participants responded to a questionnaire
consisting of two parts. The first part presented statements dealing with objectives of
the practical work in relation to knowledge acquisition, processing skills, and attitude
development. The second part asked participants to respond to open-ended questions
about practices related to practical work in schools. The findings revealed that there
was general agreement about the role of practical work in knowledge acquisition but
participants generally disagreed about its role in developing learners’ processing skills
and attitudes. A tendency was also found among teachers and supervisors to favor the
idea that practical work should be directed towards developing processing skills and
attitudes of the learners. Impediments to effective practices and the implications of the
findings were also discussed in the study.

Introduction

Practical work in school science has taken the center of attention at all levels
since the introduction of activity-oriented science curricular. With the emergence of
curricular such as those in the United States, the United Kingdom, and other evolving
and progressive areas in the world, science has come to be taught with great emphasis
on practical activities. With the current emphasis on active participation of the learners
and student-centered learning, practical work has taken the center of focus and concern
for educators.

There are two main underlying reasons for the attention given to practical work.
First, science is considered to be more than a mere body of knowledge to be learned. In
fact, science belongs in a school laboratory as naturally as cooking belongs in a kitchen
and gardening in a garden. It follows that the processing skills of science are considered
equally important as the subject matter and that science teaching should equally
emphasize the development of practical skills by using a range of these skills in
experimental work in the science classroom. Second, the current constructivist view of
learning considers learning to be active participation on the part of the learner. The
learner is considered as an individual who actively constructs his or her knowledge base
by engaging in learning activities. Therefore, practical work in our schools is expected
to provide students with the opportunities to construct scientific knowledge based on
personal involvement in designing experiments, manipulating data, observing
outcomes, and making inferences and generalizations.

Earlier in the eighties, a survey of practical work by Beatty and Woolnough
(1982) found that the majority of secondary school teachers indicated that about 40 to
80% of class time was spent doing practical activities. Other earlier research studies
carried out on the role of practical work (Denny and Chennell, 1986; Nott and Smith,
1995; White,1996; Olsen et al., 1996; and Lourdusamy and Tairab, 1997) agreed that
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practical work is, and also inferred that it probably will be, an essential component of
school science, yet there were wide variations regarding the importance of the role and
the purpose of practical work carried out in classrooms. In Lynch and Ndyetabura’s
study (1983), the participants, when given a list of aims to rate, rated those aims that
had to do with making theory more understandable highly. Similarly, in the study of
Denny and Chennell (1986), students regarded the over-riding purpose of learning as
learning with understanding and developing interest and a sense of achievement. Gott
and Duggan (1995) and Lourdusamy and Tairab (1997) further stressed that science
laboratories should provide opportunities for concrete experiences, ways to help
students confront their misconceptions, and skill development in logical thinking and
organization. Hodson (1996) later classified the reasons given by teachers for engaging
in practical work into five major categories: to motivate learners by stimulating interest
and enjoyment; to teach laboratory skills, to enhance learning of scientific knowledge,
to give insights into scientific methods, and to develop certain scientific methods.

Teachers’ views of the role of practical work as reported by Hodson (1996) is
similar to the classification of practical work reported by Gott et al. (1988). Gott and
her colleagues identified five types of practical work based on its perceived, underlying
role, namely: inquiry practical, illustrative practical, skill practical, observation
practical, and investigative practical. The emphasis given to the role of practical work
in these forms extends from skill development to a provision of opportunities for
students to use concepts, cognitive processes, and skills to solve problems.

The emphasis of science teachers regarding practical work very often depends
on their conception of science and on the type of the practical work, such as its type and
quality, and on the teachers’ aims in carrying out such activities. For example, Olsen et
al. (1996) found a wide variation in the stated purposes of practical work, with even
wider variations between what teachers do in classrooms and what often written in the
curriculum guidelines. Tairab (2000) claimed that teachers who perceived science as a
body of knowledge tended to use practical activities in ways that helped to illustrate
and consolidate theory and to conceptualize content. It is, therefore, important to find
out the views held by educators and students regarding the role and objectives of
practical work in school science.

In the context of the United Arab Emirates, and despite the premium placed on
the role of practical work, there is evidence to suggest that there is a dearth of studies
published on the contribution of practical work to Emirates student learning. The
authors surveyed previous literature and found that very little research has been carried
out on how teachers, students, and supervisors view the role of practical work. With the
introduction of teaching and learning through the practical investigation policy in a
number of schools nationwide, it seems appropriate to explore the role of practical
work in school science and the extent of its contribution to the development of student
scientific literacy. Moreover, the policy framework identified in the 2020 document
(Ministry of Education, 1999) and the newly developed science curriculum document
have stressed that students should be actively involved in their learning. Practical work
is one approach that could lead to student engagement and active participation in the
learning process and hence, to authentic knowledge construction. It is from these points
that the importance of this research project is grounded.
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Objective of the study

The purpose of this research project is to explore views held by teachers, students,
and science supervisors about the nature of practical work that is carried out by students
and its contribution to the development of student scientific literacy. The research uses
the term “nature of practical work” to describe the practice of practical investigations
and activities planned by teachers and carried out by students and the educative role
expected of these activities. Knowledge of such practices could identify possible
alternatives that could lead to a better impact on student learning. Specifically, the
paper aims to find answers to the following questions:

1. What is the emphasis given by teachers in the United Arab Emirates to practical
work? Previous research studies have shown that teachers most often opt for a
particular emphasis when engaged in practical activities such as demonstrating
concepts or linking theory with practice. Our major concern, therefore, is to find
which kind of emphasis is given by teachers to the role of practical work.

2. What do students at various educational levels think of practical work’s
contribution to the development of their scientific knowledge?

3. What is the emphasis given by science supervisors in the United Arab Emirates
to practical work?

4. Are there any differences between science students, science teachers, and
science supervisors in regard to their perceptions of the role of practical work?

5. What are the impediments to effective laboratory learning?

Design and methodology

Design

The research design employed in this study consisted of a survey, more
specifically a questionnaire to survey participant views of the role of practical work.
Quantitative analyses using a survey strategy will allow us to explore students’ and
teachers’ perceptions in regard to the role of practical work carried out in schools. In
addition, the authors believe investigating practices such as the role of practical work
are best addressed using not only quantitative data but also methodologies wherein
participants' ideas and interests are elicited through interactive dialogue between
researchers and participants. For this reason, an interview technique was also employed
to add more reliability to the quantitative analyses, and also to provide more accurate
and reliable descriptions to the perceptions explored quantitatively.

Sample of the study

The sample of the study consisted of 587 subjects drawn from the whole
country of the U.A.E. Of the total sample, 411 of the subject sample partipants were
students drawn from the third year intermediate (N= 170) and the second year (N= 241)
secondary schools. The rest of the sample consisted of 131 science teachers and 45
science supervisors. Table 1 shows the subject composition.

Table 1: Sample of the study

Sample NO. %
Students 411 70%
Teachers 131 22.3
Supervisors 45 7.7%
Total 587 100%
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Other characteristics describing the sample include the gender, nationality, and
teaching experience of the subjects. Among the sample, there were 307 (52.3%) males
and 280 (47.7%) females; 299 (50.9%) UAE nationals and 288 (49.1%) non-UAE
nationals. Among the teachers and supervisors, 134 (76%) had more than six years
teaching experience while the rest, 42 (24%), had less than six years of teaching
experience.

Instrument

The study used, in addition to unstructured interviews, one main instrument—
the perception of the role of practical work instrument with two versions, one for
students and the other for teachers and supervisors. The perception instrument was
concerned with collecting quantitative data from science teachers and science
supervisors in regard to the role of practical work and the impediments to its effective
contribution to science learning. The instrument consisted of two parts: the first part
included 20 statements about the role of practical work as it is conceptualized in the
literature. These 20 items covered three dimensions of the role of practical work—
knowledge acquisition (items 2, 11, 14, 15, 16, 20), process skill development (items 1,
4,6,10,12,13, 17, 18, 19), and attitude development (3, 5, 7, 8, 9). The second part
consisted of 11 open-ended questions asking participants to suggest roles of laboratory
work in schools (which was not mentioned in the questionnaire) to suggest alternatives
to existing practices or to list problems that they regard as impeding the effective
implementation of practical work.

The validity of the instrument was established through consultation with four
science educators and three science teachers using a conceptual framework that
characterizes the role of practical work as reported in the literature, whereas the
reliability of the 20 statements was found to be 0.88 which was deemed to be suitable
for the purpose of this research.

Procedures

The data collection process started with the distribution of the questionnaires to
the target sample. The selection of the sample was random in the sense that it was
decided to include a representative sample from all educational zones of the country.
Hence, the subjects included in the study were drawn from all educational zones of the
U.A.E. The researchers took turns in traveling and distributing the questionnaires. Only
one of the researchers, due to his knowledge and experience of the education system of
the country and the layout of the educational zones, conducted the interview.
Data Analyses

The collected data were subjected to an initial examination in order to remove
incomplete questionnaires and ambiguous responses before using SPSS software for
analyses. The data were then analyzed using descriptive statistics to show the emphases
of both groups of participants regarding the role of practical work. ANOVA was used
to examine the significant differences, if any, between the participants’ views about the
role of practical work.

Results and Discussion
Results of the analyses, of participants’ views about the role of practical work in
schools, are presented in Tables 2 and 3.
The mean scores shown in Table 2 indicate that both groups of participants saw
the role of practical work in school as supplementing knowledge acquisition, as
indicated by the high mean scores. They believed that practical work helps students
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comprehend scientific phenomena, find, verify, and remember facts and principles, and
help them succeed on examinations. This is not surprising given the emphasis on the
illustrative nature of practical work by the schools, as the interview data of this study
revealed. Perhaps, both groups of participants, measure student success by the amount
of scientific knowledge students are able to remember. Table 2 also shows that all
participants seem to give less importance to the industrial aspects of the practical
activities carried out by students.

When ANOVA was used to test for the statistically significant differences
between groups, significant differences were found between the three groups of
participants when they expressed their views about the role of practical work in
developing the science processes in students, in 5 out of the 9 statements related to skill
development. There is a tendency and consistency among teachers and supervisors to
emphasize the role of practical work in developing processing skills in students more
than students themselves, judging by the small variations in their responses as depicted
by the small values of the standard deviations.

Table 2 also shows that students, teachers, and supervisors have not agreed
upon the role of practical work in developing positive attitudes about science. Although
all participants gave high ratings to the role of practical work in arousing and
maintaining interest, developing critical scientific attitudes, and developing social skills
and self-reliance, significant differences emerged in all but one statement, pertaining to
attitude development. The values of standard deviations indicate that teachers and
supervisors seem to be more consistent in their views than students.

The differences between the groups can be clearly seen when the ANOVA test
was performed for possible statistically significant differences between the groups in
relation to the three dimensions of the instrument (knowledge acquisition, processing
skill development, and attitude development). Table 3 shows that the differences
between the groups were statistically significant for the views about the practical role in
developing student science processing skills and positive scientific attitudes, with the
teachers and supervisors showing favorable views in terms of average mean scores.

In answering the question about views held by students of various educational
levels, mean scores of third-year intermediate students were compared with those of the
second-year secondary students using t-test analysis. The results show that there were
significant differences between the two groups, indicating that both groups of students
perceived the role of practical work similarly across the three dimensions of the
instrument.
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Table 2

Means and standard deviations of participants’ view of the role of practical work

Student | Teacher| Supervisor
Statement M |SD | M |SDM SD
=| 2. To find facts and arrive at new 43109 ]4.1/08/43 |07
-2 principles.
'g 11.  To elucidate theoretical work as an aid to 4.1 1.1 143/0.7/45 ]0.6
2 comprehension.
g" 14. To help remember facts and principles. 40109390837 |09
g 15. To indicate the industrial aspects of science | 3.8 | 0.9 | 3.7{ 1.2|/3.7 |0.9
5 16. To make phenomena more real through 44109 14.20.8|4.1 0.7
experience.
20 To verify facts and principles already taught | 4.3 | 0.9 | 4.1] 1.2| 4.3 0.9
1. To develop creativity 41109 1[4.009/40 [0.8
4. To develop abilities to comprehend and 45109 4.1/ 1.0/43 |09*
carry out instruction
6. To develop an ability to communicate. 3.8 1.1 [4.1]0.7]4.1 0.7*
10. To develop specific manipulative skills. 431101450647 |04
12. To encourage accurate observations 39109 |43/0.6|4.5 0.6*
descriptions.
= | 13. To give experience in standard 3.8 1.1 4.0/ 0.8]4.2 0.6
o techniques.
g
% 17. To practice seeing problems and seeking 4.1 |1.11]3.6/0935 0.9*
5 ways to solve them.
<
%[ 18. To prepare students for practical 44108 |4.009|4.1 0.9%
% examinations.
§ 19. To promote logical reasoning methods of 42 11.0]4.1/08|42 |06
= thought.
9 3. To arouse and maintain interest. 4.1 [ 1.0 [43/0.8/45 0.5%
2[5.  Todevelop a critical attitude. 31 113]34/1.0/34 |0.8*
g 7. To develop an ability to communicate. 45108 143/0.7[43 |0.7*
8.  To develop certain discipline attitude. 4.0 | 1.1 [43/0.7/45 0.6*
9. To develop self-reliance. 4510.814.4/1.0[4.5 0.6
* (P <0.05), ** (P <0.001)
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Table 3
Summary of the result of the analysis of variance for the three dimensions

Source of variation Sum of DF Mean Square] F Sig.
Squares

Knowledge acquisition|

Between groups 0.517 3 0.172 0.397| 0.755

Within groups 253.078 583 0.434

Total 253.595 586

Process skill

development 4.447 3 1.482 5226 | 0.001

Between groups 165.394 583 0.284

Within groups 169.842 586

Total

Attitude development

Between groups 6.570 3 2.190 5.175 | 0.002

Within groups 246.758 583 0.423

Total 253.329 586

What are the impediments to effective practical work?

Analyses of open-ended questions together with the interview data revealed that
participants have clear concerns about the impediments to the best laboratory practices,
which could contribute significantly to student learning. These impediments can be
classified as resource-related, curriculum-related, and/or student and teacher-related
impediments. Almost all teachers and school supervisors were found to frequently
comment that current laboratory settings do not have the necessary resources to
encourage effective practice. Students also observed that the nature of curriculum and
the scheduling of investigative activities do not encourage meaningful learning.
Incidentally, these views were even expressed by teachers—that they are pushed to
their limit to complete the syllabus and that very little regard has been given to
investigative work.

Other impediments that were frequently mentioned by participants were that
students and teachers do not show high regard for practical work and that the emphasis
is often placed on illustrative investigations that do not go beyond explaining theory
within a context of detailed instructional steps for students to follow. Our own
observations to the realities of practical work suggest that there must be a paradigm
shift if practical work in school science is to make a real and effective contribution to
developing higher order thinking in students and hence achieving expected learning
outcomes.

Conclusion and Recommendations

Previous research studies dealing with the contribution of practical work in
science learning have shown results that emphasize various pedagogic values ascribed
to the role of practical work in school science. The findings described in this research
are no exception. The findings of this study show, to a large extent, similarity to
previous studies in that both groups of participants, though generally in agreement as to
what could be seen as pedagogic values of practical work, disagreed on numerous
occasions in regard to the relative emphasis placed on the role of practical work. It
appears that the role of practical work in school science could be thought of as
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supporting most purposes in the eyes of participants, with the tendency on the part of
teachers, obviously due to their experience and training, to think of more far reaching
roles such as those advocated by curriculum developers. With regard to the knowledge
acquisition dimension, a surprising trend emerged. Both group of participants,
including teachers and supervisors, assigned low priority to the technological and
industrial aspects of practical work. The significance of this low emphasis can be seen
in the fact that the emphasis that is most often given by teachers to the role of practical
work affects the way they conduct practical activities for their students. The implication
of the low emphasis for the technological and industrial application of practical work is
that science teachers should work hard to close the gap between the classroom science
and its application in the daily lives of students by emphasizing the contributions that
practical work could make in raising the students’ various intellectual procedural skills
that are most likely to be useful to students’ futures and potential careers.

Another aspect of the findings that is worth mentioning were the content-
oriented views exhibited by both groups of participants in regard to the role of practical
work in knowledge acquisition. The high mean scores of participants for the statement
pertaining to knowledge acquisition can only be interpreted in terms of societal
pressure and expectations. The increasing demands and pressures on both students and
teachers alike to bring about success could very well explain the content-oriented
position exhibited by participants with regard to the knowledge dimension.

With the introduction of practical activities in most schools across the country,
this study suggests that teachers should approach practical work differently. While the
link between theory and practice is essential in learning science through the use of
illustrative practical activities, the process-oriented view and skill development should
be emphasized. Practical work in school science should be used to develop student
cognitive processes that are essential in today’s world. Teachers should give more
emphasis to processing skill development by way of using active engagement strategies
so that students are prompted to use science processing skills to arrive at their own
conclusions. In this way, students not only acquire procedural understanding of science
but they learn science in a more meaningful way.
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Appendix a:
Statements about the role of practical work in school science used in the survey
1. To develop creativity.
To find facts and arrive at new principles.
To arouse and maintain interest.
To develop an ability to comprehend and carry out instruction.
To develop a critical attitude.
To develop an ability to communicate.
To develop an ability to communicate.
To develop certain discipline attitude.
9. To develop self-reliance.
10. To develop specific manipulative skills.
11. To elucidate theoretical work as an aid to comprehension.
12. To encourage accurate observations descriptions.
13. To give experience in standard techniques.
14. To help remember facts and principles.
15. To indicate the industrial aspects of science.
16. To make phenomena more real through experience.
17. To practice seeing problems and seeking ways to solve them.
18. To prepare students for practical examinations.
19. To promote logical reasoning method of thought.
20. To verify facts and principles already taught.
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Idea Exchange Session

Supporting Students with Special Needs within Regular Classes

The following key questions were addressed in this idea exchange session:
1) What kinds of special needs typically occur in our classrooms?; 2) In what ways can
we provide learning disabled students with special support?; and, 3) In what ways can
we provide mathematically and scientifically talented students with special support?
Participants came to the session prepared to answer these questions and shared their
experiences and their own ideas for how to support students with special needs.

Practical/ Interactive & Research into Practice Sessions

Exploring Dynamic Geometry Using Cinderella©

Robert Pour
The Petroleum Institute
Abu Dhabi, U.A.E.

The goal of this workshop is to introduce participants to a specific software
package which will enable them to: explore the field of dynamic geometry through
individual constructions and explorations, gain an appreciation of the pedagogical power
of this approach to geometry, be provided with resources in order to explore the subject
further. Upon completion of the workshop, participants should be able to construct lines,
conic sections, and triangles using Cinderella ©. They should also be able to measure
distances and angles, create a simple linkage, and demonstrate a basic theorem using
dynamic geometry.

Sekdddfhhdd s

" P ———
1181} SMEC VIl1 216




From Story Book to Science Experience—Making Science Come Alive
through Children’s Literature

Sharon L. Reed
Harcourt International
Orlando, Florida, USA.

Children love literature and they love hands-on science experiences. A teacher
can use the foundation of a motivating story to set the scene for good science activities
and science learning. Well-chosen literature can introduce children to science
vocabulary and concepts that may normally be difficult or “dry”. Connecting stories
and science can cement learning and new knowledge in different ways and allows the
classroom teacher to reach students with different needs who may learn in alternative
ways. For the elementary level teacher who may be “science shy”, connecting literature
and science is a natural and comfortable way to cover two curriculum areas under one
great learning experience! This session will feature several science-related stories and
feature hands-on activities that are natural extensions from these stories. Teachers will
be encouraged to look at their own range of stories in their current classroom to find
natural literature/ science connections.

fekdddhhhdd s

What does a Performance Assessment Task Attempt to Do
in the Math Classroom?

Mabha El Hariri
Eastwood College Kafarshima
Kafarshima, Lebanon

Paper-and-pencil tests measure student recall of factual information, algorithmic
procedures, and are useful in assessing acquisition of skills. Alternatively, performance
assessment tasks are interesting, worthwhile activities that are related to instructional
objectives. These tasks determine what students know in addition to what they can do
through measuring students’ abilities in applying mathematical knowledge and skills
that they have acquired in a contextual application. General guidelines and criteria
necessary for developing such performance tasks, as well as several examples of these
tasks, will be shared with session participants. Participants will also have the chance to
present their own experiences with performance assessment tasks and discuss them.
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Practical/ Interactive & Research into Practice Sessions- Math Sessions

Homemade Math Games

Nisreen Jabr
Ahlia School
Beirut, Lebanon

Math games are an important innovative technique for introducing new
concepts, assessing children’s progress, and/or providing individual assistance to a
struggling child in the preschool and lower elementary level. However, having access
to such games is either expensive or unavailable for most teachers. Several easy
handmade/homemade activities tackling many mathematical concepts will be shared
with this session’s participants. In addition, participants will have the chance to review
these activities and discuss their applicability.

Sekdddhhhdd s

Using Math Menus in the Elementary Classroom

Betty Koleilat, Ed. D., Head of Lower School
Brummana High School
Brummana, Lebanon

The ability to use mathematics in a variety of situations is critical to a child’s
understanding of the subject. The use of teacher-created math menus allows students to
use mathematics in different problem-solving situations related to the real world.
Students make choices about the work that they will do and become involved in
problem-solving activities. Not only will their motivation increase because of their
interest in the choices that they have made, they will find pleasure and satisfaction in
working on and meeting these challenges. Opportunities for the use of skills and
knowledge that are acquired in class are important to acquisition and retention.
Participants in the session will become involved as student learners and will gain the
knowledge necessary to create their own teaching menus.
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Beyond Drill: Problem Solving Activities to Thrill
and Promote Critical Thinking!

Dixie Schurle
Harcourt International
United Arab Emirates

Math instruction has moved well beyond mere computational practice and
drilling. This session will consider characteristics of good problem solvers and current
ways to have student “think math, talk math and write math” through problem-solving
activities. Critical thinking is enhanced when students are actively involved in working
with a problem-solving plan and are exposed to a wide range of problem-solving
opportunities. This session will actively involve participants in working directly with
several hands-on activities using visual thinking, math stories, and games suitable for
various learning modalities. Assessment of problem-solving will also be discussed, and
participants will go home with a specific list of ways to promote problem-solving in
their classrooms.

Xhddbe kb

Solving Problems or Problem-Solving

Bilal Basha and Manal Yehya
Saint Mary’s Orthodox College
Beirut, Lebanon

In this presentation, a global approach to problem-solving is adopted that
enhances mathematical reasoning, critical thinking, and creativity. During this session
the elements of problem solving will be pointed out and a variety of problems and
contexts within which problems can be formulated will be addressed. The presentation
touches upon “de-programming” problem-solving by focusing on mathematical
concepts and skills rather than mathematical themes.
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Building Better Problem Solvers through Problem Posing

Edward A. Silver, Chair of Educational Studies
University of Michigan

Michigan, U.S.A.

Sponsored by the Faculty of Arts and Sciences at A.U.B.

After a brief introduction to problem posing, participants will engage in actual problem
posing tasks and share the results of their experiences. Participants will also be
engaged in a discussion of research results related to the use of problem posing in
elementary and middle schools, as well as how such activities can help build better
problem-solving skills amongst students.
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Solving Some Curricular Mathematic Problems in Elementary Classes

Ferial Moghrabi, Math Department
Islamic Makassed Secondary Schools
Saida, Lebanon

Mathematics is one of the most fundamental subjects that students study in
school. However, some students find difficulties in learning math and this sometimes
leads them towards hating the subject. Also, math teachers sometimes run into
problems in teaching and communicating mathematical concepts. The purpose of this
presentation is to underscore some of these problems that we commonly find while
using “Building up Mathematics” published by the Educational Center for Research
and Development (ECRD). A sample lesson, from the publication, will be distributed to
the participants for them to discuss and critique. Possible solutions for the previously
mentioned problems will be presented and participants will also have the opportunity to
share their own ideas about solving these problems.
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Enhancing Math Instruction through Multimedia Projects

Haitham Solh, Math Department Head (grades 7 — 12)
Dubai National School
Dubai, U.A.E.

Teaching has changed dramatically over the course of the years, especially with
huge advances in technology and its application in the classroom. Among the many
tools one can now use in the classroom, one stands out as a powerful and efficient way
to target all students: the multimedia projector. The importance of a multimedia
projector lies in its ability to capture students’ attention, save time, and provide the
teacher and the student with alternative means of teaching and learning. An
introduction on the advantages of the use of the multimedia projector will be given
during the session. In addition, participants will be involved in an interactive power
point slide show about the functions and uses of a multimedia projector as well as an
interactive animated activity in which they will solve real life problems. Participants
will also have the opportunity to share their thoughts and inquiries about using the
multimedia projector in their classrooms.
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The Scientific Calculator in Secondary Math Classes

Houssam Kasti
Hariri High School 11
Beirut, Lebanon

One of the drawbacks of the Lebanese math curriculum is the lack of time
allotted to finish the program. Although some action has been taken to solve this
problem, namely by canceling some lessons, the problem has not been fully solved. The
scientific calculator can play an effective role in the math class, minimizing this loss of
time and loss of lessons. In this session, we will investigate the capabilities of the
scientific calculator and how we can benefit from these capabilities in our math
classrooms.
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Time for a New High School Function?

Sean M. Stewart, Department of Physics
The Petroleum Institute
Abu Dhabi

Functions are central to any secondary school mathematics curriculum. Whilst
many functions are known to exist, only the most elementary of these are typically
studied at the secondary level. By the time a pupil completes their schooling, only
elementary functions such as the trigonometric functions and their associated inverses,
the logarithmic functions, and the exponential functions have been encountered and
studied. We introduce a recently defined function known as the Lambert W function.
Through exchange and sharing with session participants of a few simple ideas
concerning functions, the general properties of W will be developed and explored.
Moreover, participants will solve some simple algebraic equations in terms of W.
Participants will also have the opportunity to develop and discuss their own ideas about
the place, importance, and teaching of functions in the secondary curriculum and assess
if W canbe purposefully introduced to secondary pupils in senior classes.
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Ways to Develop Children’s Mathematical Competencies

Wazen Soulaiman Georges, E.W.C.

The purpose of this workshop is to help teachers experience effective ways to
develop children’s mathematical competencies. The session will especially focus on
strategies to help students whose performance levels are below expectations.
Participants will be provided with suggested instructional strategies such as
intervention, explicit instruction, the use of manipulatives and concrete materials, the
use of practice or review, and lesson closure.
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Teaching Math Humanely—Learning Math Naturally

Rima Halabi Abou Rafeh
American Community School
Beirut, Lebanon

Despite the innovative educational ideologies of the last two decades that
produced sparkling titles like constructivism, integration, and inquiry and despite the
claim that reform has invaded the teaching of mathematics, elementary school
mathematics and especially number concepts still continue to be taught using the old,
traditional methods. This session presents a practical approach to elementary number
concepts through concrete visual representations and simulations, allowing students to
construct tangible, perceivable, and less abstract pictures for these concepts. Moreover,
a suggestion of an alternative algorithm for basic operations on whole numbers will be
introduced and participants will be given the chance to debate its feasibility, limitations,
and possible extensions.

Tk vk ex

CABRI Geometry: A Tool for Teaching Geometry

Sahar Bokosmaty Zaarour

This workshop aims at building teachers’ skills in using CABRI to achieve their
objectives in teaching geometry. Topics that are considered to be difficult in the
teaching of geometry—such as locus, construction, remarkable lines, transformation,
etc.—will be identified to experience how this software can help students explore and
think about problem situations and solutions.
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Student-Centered Problem-Solving—Teaching and Learning
Mathematics in a TESOL Environment

Graeme Ward
Petroleum Institute
Abu Dhabi, UAE

In recent times, the emphasis on learning mathematics has swung from the
memorization of facts and algorithms to the access and application of information and
thereby the understanding of algorithms and of deeper mathematical and philosophical
concepts. To facilitate the construction of related knowledge, skills, and
understanding— educational institutions have moved towards a student-centered,
cooperative, problem focused, learning environment in which students share personal
past experiences as they assist each other in order to better understand and solve
relevant problems. In doing so, students are able to learn and exercise other important
qualities such as cooperation, communication, and leadership, which are valued and
necessary within the context of today’s modern technological society, as they construct
their own perspectives, construct their own understandings, and construct their own
further experiences. Participants will share in the development of such techniques that
are acceptable and applicable within a TESOL learning environment.

Thddbehh b

Practical/ Interactive & Research into Practice Sessions- Science Sessions

Introducing Technology in the Teaching of Physics

Viviane Khoury Saab, IB and High School Physics teacher
American Community School
Beirut, Lebanon

Technology has become an important and helpful tool in the teaching of physics
at the secondary level. Knowing how to use technology makes physics easier to
understand and is appreciated by the students. Many software and internet sites are
available nowadays; ideas of how to incorporate them into our teaching and classroom
lessons will be shared and discussed with session participants. The participants will be
actively involved in performing experiments using Vernier software and in browsing
the internet for suggested sites. The participants will also have the opportunity to
develop and share their teaching experiences with technology.
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Genetics through Playing Cards

Fouad Bakkar
National Protestant College
Kafarchima, Beirut, Lebanon

Genetics is one of the biological sciences that Lebanese students in grade nine
feel uncomfortable dealing with as criteria for promotion to the secondary level (as it is
an important unit for the official examination). In an attempt to address conceptual
difficulties of genetics, this session provides a hand-on activity using playing cards.
Working in pairs, the participants will receive playing cards representing sex cells, each
bearing a given number of chromosomes. This activity will provide the participants
with the opportunity of discuss the outcome of fertilization and the underlying causes
for any infant or reproduction abnormalities, and to review other related topics (e.g.
karyotype, Mendel's Laws, and meiosis). Participants will also have the opportunity to
share their own experiences at attempting to develop authentic understanding of this
part of the biology curriculum.

[The author of this presentation indicated to the SMEC committee that the game
described in this session was recently registered as an educational game under the title
“Flip & Guess™].
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Teaching through Inquiry

Suheir Sleiman and Mary Therese Tutunji
American Community School of Beirut
Beirut, Lebanon

Teaching through inquiry engages students in scientific investigations and
problem-solving activities. This method allows them to construct their knowledge in an
active and progressive manner and shifts the emphasis from the textbook to
investigations that students can perform and analyze. Participants will conduct a lab
experiment, collect and evaluate data, and deduce their own conclusions. Participants
and presenters will then discuss the advantages and limitations of this technique and
share their experiences with applying inquiries in their classrooms.

Tkdddb kb

Questioning: Discordant Results as a Hypothetical Source

Andrée Thoumy
Education Faculty, Lebanese University, Lebanon
thetys@cyberia.net.lb

Firas Al Itaoui
Al Maarifa School, Beirut, Lebanon
FIRASS19@hotmail.com

The question and the problem are the starting points of any learning and any
investigation and learners asking questions is a major aim of constructivist science
teaching. Moreover, in this learning theory, the ability to ask oneself questions is the
ultimate issue. However, Lebanese science teaching lacks this aspect of constructivism,
having been cumulative for long periods of time. This session aimed to promote the
ability of life science teachers at the secondary and intermediate levels to state
questions and/or problems. The job of the teachers during the session was to state
questions about a situation consisting of discordant results, which we hypothesized they
would favor questioning due to the extremity of the situation. The flow of the session,
with about 25 teachers in attendance, was as follows:

1) The few first minutes consisted of making the teachers live through a brief
experience of being questioned by asking them a question which in turn led to quest for
information in order to answer it. They were asked “are you sure you did not lose your
car key?”

The teachers searched in their bags to find their keys and it was mentioned that their
search was just as much about finding the key as finding information about the key: is it
or is it not in the bag? It was then deduced that any question leads to a quest for
information.
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The teachers were then asked to say why a question leads to a quest for
information and a brief development of the cognitive conflict was presented: any data
creating doubt (in this case a doubt concerning the information about the key),
perplexity or discrepant events (any change observed in a situation: shape, aspect,
place, etc.) leads to a search for information to solve the conflict.

The second step was then to reach an agreement on the definitions of the major
concepts of the session. Teachers were asked to give definitions, based on examples, of
the following words: question, questioning, hypothesis, and discordance (the latter was
given by the presenters). Agreement was achieved for the following definitions
accompanied by examples of each:

Question: a statement having an interrogative form and with an aim at understanding a
puzzling situation; to explain a situation by finding a relationship between two
variables. This type of question is classified by Parson (1971) as probing questions,
which are "Open-ended questions which prompt search for additional data or
relationships or which encourage explanation.” Examples of this type of question are
the following: “What makes the trees' leaves fall in autumn?” or “What makes the flies
attracted to the meat?”

Questioning: the ability to ask oneself questions, as for instance: "I have not found my
book on the shelf. Did I lend it to anybody?"

Hypothesis: a statement containing a variable explaining an unexpected event, and in
other words, we assume that this variable has caused this event. Hypotheses are
characterized by their uncertainty (we assume that ...). The preceding statement which
explains why I am not finding my book is an example of hypothesis.

Discordance: discordance is defined by Piaget, 1924 (Judgment and Reasoning in the
Child) as “the situation that denies a causal relationship. It is introduced by the
conjunctions of discordance such as “although”, “even though”, “in spite of the fact
that”, “but”, etc. The word “although” [quoique] expresses a discordance and not a
positive relation between cause and effect”. The following example was given: When
you add the Fehling reagent to a test tube containing a reducing sugar, you can see a red
coloration. Discordance describes the case in which you add the reagent but you do not
obtain the red color. So questions rise in your brain concerning the failure of the
process.

All of the proposed statements were discussed to reach a final agreement. It
was also pointed out that a question is different from a problem, all questions being
unnecessary problems, while all problems are questions and that questions and
specially questioning are personal productions relative to creative thinking.

2) The graph representing discordant results was showed on the overhead projector, and
the conditions in which they were obtained were presented: “The results are issued
from research on the conceptions of two groups of Lebanese students (in the first year
secondary and third year secondary level) about the nervous message which is
presented differently in the textbooks of the two levels, i.e. electrical manifestation of
the nervous message in the first year secondary, and electrical manifestation, joined to
ionic origin in the third secondary level textbook. While it was expected that the
conceptions of the pupils at each level would reflect the presentation of the
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correspondent textbook, the research showed that the 2 groups had identical
conceptions corresponding to the knowledge presented in the first year secondary
textbook, and these results led us to ask many questions.”

The teachers were asked to observe the graph, analyze it, and compare the
results of the two groups. They were also asked to explain these results and to say why
they were discordant. Finally, they had to write personal questions about these results.
Some teachers were able to note that only the results of the third year secondary were
discordant and to formulate questions. These questions were compared to those
formulated during the original study, which were stated as follows:

- Is the discordance the result of the permanent effect of the first year secondary
textbook?

- Is the discordance the result of a lack of a cognitive bridge between the
existing knowledge of the students and the new knowledge introduced by the third year
secondary textbook? A brief explanation was given about the cognitive bridge as
information which, when introduced before the new information to be learned,
facilitates its acquisition. This concept of a cognitive bridge was introduced by D.
Ausubel in 1960. For this author, the cognitive bridge must have the following
characteristics: it must be more general and more abstract than the information to be
learned and should facilitate its learning in a meaningful context.

- Is the discordance the result of a lack of the following hypothetico-deductive
system: “all the biological phenomena have a physico-chemical basis?”

- Is it wrong or incomplete to omit the chemical origin of the nervous message?
It appeared that two of the problems stated by the teachers were identical to those
proposed by the presenters during the session as to what gave them a feeling of success.

The implications of the session were the following: it is necessary to ask
questions of pupils and students and to let them ask questions. To promote students’
abilities to ask themselves questions and to find discrepant events and discordant results
should be major aims of teaching.

fhdkdh ke
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Using an Example of a Controversial Issue to Learn
about Science and its Nature

Hayat Hokayem
City International School, Al-Hoda School, and Mariam Klait City International
School Lebanon

Learning science becomes more meaningful as learning about the scientific
enterprise is integrated. This practice requires students to appreciate certain aspects of
the nature of science, such as science’s tentative nature and the effect of society and
culture on the scientific endeavor. Choosing a certain controversial issue, such as
genetically modified food, could help students learn about the nature of science in
addition to learning scientific content. In this session, participants will engage in
discussing scientific content and certain aspects of the nature of science using a recent
article from a popular science journal. This will help give explicit attention to science’s
nature as certain content is being taught, at the secondary level, hence, allowing
meaningful learning to occur.

Sekdddhhhddtn

Moving Pictures in your Science Teaching

John Stringer
UK

Computers, television, and video make it possible to show complex ideas in
visual ways. They enable children to go places and see things that are too small, too
large or too far away to present in the classroom. They make it possible to take part in
investigations or to learn from experts. But this powerful tool of media must be handled
with care; it is important that it does not take the place of real-life experience. This
session will enable participants to look critically at resources and to select and use the
best available media resources more effectively.

Thkddb kb
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A Physics Performance Task: Projectile motion

Oscar Eid, Physics Department
Sagesse High School
Ain Saade, Lebanon

Performance assessment requires students to actively develop their approaches
to a specific task under defined conditions, knowing that their work will be evaluated
according to agreed-upon standards. The task chosen for this physics performance task,
entitled “projectile motion”, must be carried out at school over several hours. A
projectile is the most common example of an object which is moving in two-
dimensions. Once projected, it continues in motion by its own inertia and is influenced
only by the downward force of gravity. It is a fundamental concept in many real-life
situations. The session will begin with a brief introduction about the use of
performance tasks in physics. Participants will then be divided into groups to complete
a web quest in order to gain an understanding of the physics of projectile motion that
have eluded the greatest physicists for centuries. They will share their findings in order
to understand the physical laws governing projectile motion. In addition, a list of
physics websites and a compact disc will be provided to session participants along with
explanations.
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AA+_ Alternative Assessment: Examples from Science

Nada Chatila Afra & Dania Maaliki Tarabishi
American Community School
Beirut, Lebanon

Alternative assessment is a new trend in education. Educators are shifting more
and more away from paper-and-pencil testing towards other forms of assessment such
as projects, performance tasks, and portfolios that can more authentically evaluate
student understanding of learned concepts as well as student ability to transfer their
knowledge to new situations. The purpose of this session is to increase the participants’
understanding of how alternative assessments can be used effectively in science
classrooms.
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Using Portfolios, Assessments, Stories, Songs, Activities, Body Language,
and Crafts in Teaching Science

Nadia Al-Iskandarani
Rawdah High School

Portfolios, assessments, stories, songs, activities, body language, and crafts are
different techniques all put together to form what is abbreviated as the PASS ABC
methodology. This methodology will take teachers away from a “Cook from the Book”
traditional way of teaching to the “sing and play, science all day” technique.
Participants will sing, write, play, and dance to expressively communicate the traits of
vertebrates.
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Scientific Literacy in Elementary Science Classrooms

Faten Jibai, Maha Khatab and Inar El Zein
Beirut Annunciation Orthodox College
Beirut, Lebanon

The goal of this presentation is to help teachers explore the standards related to
science and move beyond them. Teachers will be introduced to the results of scientific
inquiry and some higher standards that lead to skilled and professional teachers,
adequate classroom time, a rich array of classroom material, accommodating work
spaces, active inquiry-based methods, and use of community resources. Thus, instead of
suggesting a particular curriculum, these standards will aim to help teachers make
better independent choices that fit their particular circumstances. Therefore, moving
beyond the present constraints is necessary to bring coherence to the improvement of
science education.
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Answering Official Exam Questions: What do the Verbs Used in Exam
Questions Imply?

Zarifeh Geries-Jarjour
Lebanese University
Beirut, Lebanon

This interactive session is a mini-workshop that aims at exposing problems that
are encountered during the correction of official exam questions in biology both at the
secondary and at the intermediate levels. One of these problems involves confusion in
the comprehension of assigned instructional verbs such as analyze, interpret, and
deduce to mention just a few. Participants will engage in writing appropriate exam
questions that will avoid the confusion and comprehension difficulties that students
commonly face.
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Designing Performance Tasks in Biology

Ghada Feghali
International College, Secondary School
Beirut, Lebanon

A performance task is a task intentionally designed to provide students with the
opportunity to perform and apply expected learning behaviors such as analyzing,
synthesizing, and judging. While traditional tests answer the question “do I know it?”,
performance tasks answer the question “how well can I use what I know?”” Performance
tasks are a vital tool that allows students to engage in learning experiences that leave a
lasting impression. In this session, participants will be introduced to the key aspects of
designing effective performance tasks. Participants will also have the opportunity to
design and discuss their own tasks.
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Teaching Science for Everyone

Ramzi Ataya and Heba Daouk

Science learning often starts with hands-on activities but has to go beyond them.
Here is where reading materials can enrich and extend a student’s hands-on experiences
and here is where the opportunity lies for teachers to teach valuable content reading
skills. Science texts are nonfiction, expository texts but a teacher can supplement these
types by also using narrative texts, films, and field trips to introduce science concepts.
These approaches can be used as ways to attract student attention to a certain concept,
integrate literature with science, and promote critical thinking.

Thkddb kb

What Is A Performance Task? How to make a Performance Task?

Samar Noueihid and Hoda Tarraf,
International College, Middle School
Beirut, Lebanon

The purpose of this session is to introduce upper elementary and middle school
biology teachers to an alternative learning and assessment methodology known as
performance based learning assessment (PBLA). PBLAs from different grade levels
will be shared with the participants. Each PBLA is an application to the concept or
concepts learned throughout a unit. Topics addressed will be: the application of the
scientific method (grade 6); the characteristics and adaptations of marine animals in
Lebanon and risks encountered by the animal(s) (grade 7); immunity (Grade 8),
digestion and assimilation (Grade 9). Process skills embedded within these tasks
include reading comprehension, writing skills, writing research reports, problem-
solving (thinking skills, strategies, and science skills), decision-making, and different
communication strategies. Work habits students acquire while performing these tasks
are following directions, organizing work, managing time, attending to details, and
committing to neatness and responsibility.

fekdddfhhddtn
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Teaching Science Using Games and Songs

Nibal Hamdan
Greenfield College
Beirut, Lebanon

Learning science concepts through using games and songs is an exciting
adventure for students. Although the process may seem daunting to some more
traditional teachers and might even seem disruptive and chaotic to the classroom,
combining students’ natural interest and curiosity about science with their desire to sing
and play provides a greater motivation to learn and keeps classrooms lively. Session
participants will play games that are based on silent communication and others still that
depend on speed and knowledge. Playing these games will enable the participants to
experience the fun and feeling of competition that these games can bring to their
classrooms. Participants will also listen to “DNA music” and will sing a “Science
Song.”
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Improving Reading and Writing in the Science Classroom

Nahla Jamaleddine and Rima Khishen
International College, Middle School
Beirut, Lebanon

Most teachers agree that active reading and writing skills are essential for
learning science concepts. However, science texts are often more challenging for
students than other types of texts. Compounding the problem is a detail with which
some science teachers often lack the expertise and interest, in teaching reading and
writing. As a result, students receive fewer opportunities for developing these skills and
a critical science instruction tool goes unused. This session aims at sharing techniques
that we have tried and that have helped our students improve their reading and writing
skills.
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Using Craft Activities in the Science Classroom

Nahed Zreik
Harriri High School II
Beirut, Lebanon

Craft activities are one way, among others, to render abstract concepts concrete
and to create a healthy and entertaining learning environment for children aged 5 to 9
years old. However, such activities require creativity, which is partly innate and partly
acquired through research and repetitive exposure to various related experiences. In this
session, diverse artistic ideas, related to specific science concepts, will be demonstrated
to and discussed by participants.

Practical/ Interactive & Research into Practice Sessions- Math & Science Sessions

Active Learning Approach: Experience from the Upper Egypt schools

Dr. Malak Azer, Ali Elwardany & Hannan Saad
New Schools Program, Education Development Center

Egypt

As an educational project, the New School Program (NSP) aims to present
models for improving the quality of teaching in Egyptian schools. The program has
involved the building of schools, the training of teachers and staff from the Ministry of
Education, and outreach work with the communities surrounding the new schools. The
New School Program (NSP) has included 70 elementary (grades 1-6) schools in three
governorates in Upper Egypt, serving about 18,000 students (80% of whom are girls).
Active learning is the educational approach advocated in this program which includes
strategies like: curricular integration, cooperative learning, hands-on experiences, and
extended inquiry projects.

This presentation will explain the approach of this program, the training
program of more than 1000 teachers, and will share insights that have been cumulated
as the NSP has progressed. Samples of the developed instructional materials and
suggestions for their use will be shared with participants.
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Attending to Students’ Learning Styles in The Classroom: A Link Between
Theory and Practice

Liana Jaber and Maha AL-Qura’n
Al-Qattan Center for Research and Educational Development
Ramallah, Palestine

Many students face major difficulties in their learning processes because of
mismatches between their learning styles and teachers’ teaching styles. Unfortunately,
some teachers are not aware of this issue; they often attribute students’ failures to
academic weakness and carelessness. The literature presents many models that describe
different styles of learning—one of these is Dunns’ Model, in which learners are seen
to be affected by 21 elements classified in five dimensions. In this session, the
experiences of nine pre-service teachers and two researchers will be shared with
participants. This group collaborated in an action research project trying to attend to
students’ learning styles using Dunn’s Model. They focused on perceptual preferences,
they tried to diagnose students’ styles, and they designed instructional materials and
lesson plans to be used inside the classroom. At the end of this experience, pre-service
teachers were more sensitive towards students’ differences and more capable to attend
to their styles.

fekdddhhhddtn

Motivational Techniques for Science/Math Classrooms

Rola Katerji
Lebanese International School (LIS), Beirut, Lebanon

One common misconception that some teachers have is that certain students are
unmotivated; as long as a student chooses goals and makes an effort to achieve them,
he is, by definition, motivated. What teachers really mean is that students are not
motivated to behave the way they would like them to behave. This session will briefly
introduce multiple theories of motivation, in addition to some practical techniques that
could be used in class to motivate students. Participants will be actively involved in
activities in order to try to recognize motivational techniques used by other teachers and
participants will then try to come up with motivational ideas for their lessons. Group
discussions will follow every activity. Suggestions and new ideas from participants will
be shared at the end of the session.
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Extended Workshops

How Can We Know What They Know?

Ellen Alquist, Curriculum Coordinator
Saudi ARAMCO Schools

There is an urgent need for teachers to be able to effectively and efficiently
determine what students know, can do, and understand in mathematics, as the discipline
is fraught with potential misconceptions. Participants will actively explore formative
and summative assessment principles and techniques that enable teachers to gather
these types of data in their quest to inform instruction and craft more engaging lessons.
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Bacterial Growth in the Laboratory

Medhat Khattar, Department of Biology
American University of Beirut
Beirut, Lebanon

In this two-hour session, participants will be involved in a short experiment to
monitor bacterial growth in a liquid culture. Handling of the bacterial culture in this
part of the workshop will be carried out by the tutor whilst participants record and plot
growth data. Measurements of bacterial growth (using a spectrophotmeter) will be
carried out at timed points, thus allowing participants to spend time in between to gain
hands-on experience in handling bacterial cultures. Participants will be shown how to
work aseptically, transfer bacteria safely, inoculate both liquid and solid media for the
purpose of isolating pure single colonies, as well as demonstrating some metabolic
activities of bacteria. At the end of the workshop, participants should have an
appreciation of basic laboratory work in microbiology.
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Développer chez I’éléve, du cycle primaire, I’aptitude a construire un
raisonnement scientifique

Andrée Chaoui, Département de Biologie, USJ

L’enseignement des sciences au cycle primaire est encore centré sur le cours
magistral (la mémorisation des legons). L’évolution de cet enseignement doit permettre
a I’¢leve d’aller vers le “raisonnement scientifique”. Pour s’y faire, on présente une
méthode vivante fondée sur le vécu quotidien et proposant a I’¢leéve de découvrir, par
des activités simples et variées, ce qui I’entoure. D’autre part, la méthode se fixe
comme but de susciter, la curiosité de I’¢leve, de développer sa créativité, son sens
critique et ses capacités de raisonnement pour acquérir de nouvelles compétences.
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From Picture Books to Problem-Solving in Math and Science

Ellen Grace
McGraw Hill

This is a hands-on workshop using children's literature as a conceptual or
contextual springboard for problem-solving in math and science. Inquiry skills from
science are applied using cross-curricular content topics such as measurement,
classification, and data collection and analysis. All materials, a handout of activities
and a bibliography are provided to participants.
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