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Conceptual And Procedural Knowledge The Case Of
Mathematics
This volume focuses on two related questions that are central to both the psychology of
mathematical thinking and learning and to the improvement of mathematics education: What is
the nature of arithmetic expertise? How can instruction best promote it? Contributors from a
variety of specialities, including cognitive, developmental, educational, and neurological
psychology; mathematics education; and special education offer theoretical perspectives and
much needed empirical evidence about these issues. As reported in this volume, both theory
and research indicate that the nature of arithmetic expertise and how to best promote it are far
more complex than conventional wisdom and many scholars, past and present, have
suggested. The results of psychological, educational, and clinical studies using a wide range of
arithmetic tasks and populations (including "normally" and atypically developing children, noninjured and brain-injured adults, and savants) all point to the same conclusion: The heart of
arithmetic fluency, in general, and the flexible and creative use of strategies, in particular, is
what is termed "adaptive expertise" (meaningful or conceptually based knowledge). The
construction of adaptive expertise in mathematics is, for the first time, examined across various
arithmetic topics and age groups. This book will be an invaluable resource for researchers and
graduate students interested in mathematical cognition and learning (including mathematics
educators, developmental and educational psychologists, and neuropsychologists), educators
(including teachers, curriculum supervisors, and school administrators), and others interested
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in improving arithmetic instruction (including officials in national and local education
departments, the media, and parents).
Recent reforms in statistics education have called for a shift away from the traditional
emphasis on procedures and calculations, to a more balanced emphasis on both conceptual
and procedural knowledge. Although little research has addressed ways to promote conceptual
learning of statistics, it may be possible to adapt ideas from research on mathematical thinking
to develop methods for fostering knowledge of statistics concepts. Building on research on
mathematics learning, the current study explored two factors hypothesized to affect students'
acquisition of conceptual knowledge in statistics: the order in which related concepts are
introduced, and the opportunity to compare related concepts. This dissertation investigated
these factors in the context of a lesson on confidence intervals (CIs), which are a difficult
statistical concept that require both procedural and conceptual knowledge. The lessons
focused on two ways to interpret CIs: one based on estimation, which emphasized underlying
concepts, and one based on null hypothesis significance testing (NHST), which emphasized
the procedure for determining significance. Participants were randomly assigned to one of four
lesson conditions, which differed in the order in which the two approaches to CIs were
presented (NHST-first vs. estimation-first) and the presence/absence of concept comparison.
Participants completed a pretest measure of CI knowledge and then viewed their assigned
lesson. After viewing the lessons, participants completed a posttest knowledge assessment. I
predicted that participants would have low levels of baseline conceptual knowledge. Further, I
predicted that, if order of presentation mattered, participants seeing NHST presented first
would learn less than participants seeing estimation presented first. Finally, I predicted that
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comparison would positively affect learning. As expected, students had poor pretest
conceptual knowledge. After viewing the lessons, participants made significant gains on the
posttest measures. There was no effect of the order in which the information was presented.
Comparison influenced learning of some CI concepts; specifically, those explicitly referenced
during the comparison. These findings extend past research on comparison in learning to a
new domain (statistics), a new type of comparison (between interpretations), and to instructorled comparisons. The current study suggests that comparison may be a valuable tool for
fostering conceptual statistics knowledge.
Conceptual and Procedural KnowledgeThe Case of MathematicsRoutledge
This indispensable guide combines proven curriculum design with teaching methods that
encourage students to learn concepts as well as content and skills for deep understanding
across all subject areas.
Education policy and practice is a battleground between sworn enemies. Traditionalists argue
for the importance of a privileged type of ‘hard' knowledge and deride ‘soft' skills.
Progressives deride learning about great works of the past; preferring ‘21stC skills' like critical
thinking, and teamwork. Whilst looking for a school for his daughter, the author became
frustrated by schools' inability to value knowledge, as well as creativity, foster discipline
alongside free-thinking, and value citizenship alongside independent learning. Drawing from
his work as a creative teacher Robinson finds inspiration in the Arts and the need to nurture
learners with the ability to deal with the uncertainties of our age. From Ancient Greece to the
present day, this book explores whether a contemporary trivium (Grammar, Dialectic, and
Rhetoric) can unite progressive and traditionalist institutions, teachers, politicians and parents
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in the common pursuit of providing a great education for our children in 21st Century.
This Handbook reviews a wealth of research in cognitive and educational psychology that
investigates how to enhance learning and instruction to aid students struggling to learn and to
advise teachers on how best to support student learning. The Handbook includes features that
inform readers about how to improve instruction and student achievement based on scientific
evidence across different domains, including science, mathematics, reading and writing. Each
chapter supplies a description of the learning goal, a balanced presentation of the current
evidence about the efficacy of various approaches to obtaining that learning goal, and a
discussion of important future directions for research in this area. It is the ideal resource for
researchers continuing their study of this field or for those only now beginning to explore how
to improve student achievement.
Effective science teaching requires creativity, imagination, and innovation. In light of concerns
about American science literacy, scientists and educators have struggled to teach this
discipline more effectively. Science Teaching Reconsidered provides undergraduate science
educators with a path to understanding students, accommodating their individual differences,
and helping them grasp the methods--and the wonder--of science. What impact does teaching
style have? How do I plan a course curriculum? How do I make lectures, classes, and
laboratories more effective? How can I tell what students are thinking? Why don't they
understand? This handbook provides productive approaches to these and other questions.
Written by scientists who are also educators, the handbook offers suggestions for having a
greater impact in the classroom and provides resources for further research.
First released in the Spring of 1999, How People Learn has been expanded to show how the
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theories and insights from the original book can translate into actions and practice, now making
a real connection between classroom activities and learning behavior. This edition includes farreaching suggestions for research that could increase the impact that classroom teaching has
on actual learning. Like the original edition, this book offers exciting new research about the
mind and the brain that provides answers to a number of compelling questions. When do
infants begin to learn? How do experts learn and how is this different from non-experts? What
can teachers and schools do-with curricula, classroom settings, and teaching methods--to help
children learn most effectively? New evidence from many branches of science has significantly
added to our understanding of what it means to know, from the neural processes that occur
during learning to the influence of culture on what people see and absorb. How People Learn
examines these findings and their implications for what we teach, how we teach it, and how we
assess what our children learn. The book uses exemplary teaching to illustrate how
approaches based on what we now know result in in-depth learning. This new knowledge calls
into question concepts and practices firmly entrenched in our current education system. Topics
include: How learning actually changes the physical structure of the brain. How existing
knowledge affects what people notice and how they learn. What the thought processes of
experts tell us about how to teach. The amazing learning potential of infants. The relationship
of classroom learning and everyday settings of community and workplace. Learning needs and
opportunities for teachers. A realistic look at the role of technology in education.
First Published in 1986. Routledge is an imprint of Taylor & Francis, an informa company.
Defining Racist and Racism -- The Slippery Nature of Racial Microaggressions -- The Inability
of Whites to See Themselves as Racial Beings -- Using Narrative Disclosure to Set a Tone for
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Examining Race -- Colleagues as Critical Lenses on Race -- What Students' Eyes Tell Us
about Examining Race in the Classroom -- We Need to Prep Students -- Modeling by Leaders
Is Crucial -- Conversations about Race Will Not Produce Solutions -- Normalizing Racism -Conclusion -- Chapter 13: Negotiating the Risks of Critical Reflection -- Impostorship -- Dealing
with Impostorship -- Cultural Suicide -- Avoiding Cultural Suicide -- Lost Innocence -Marginalization -- Avoiding Political Marginalization -- Conclusion -- Chapter 14: Practicing
Critically Reflective Leadership -- What Is Critically Reflective Leadership? -- Followers' Eyes -Colleagues' Perceptions -- Theory -- Personal Experience -- Embedding Critical Reflection in
Meetings -- The Circle of Voices -- The Critical Incident Questionnaire (CIQ) -- Clearness
Committee -- Appreciative Pause -- Modeling Critically Reflective Leadership -- Conclusion -Bibliography -- Index -- EULA
Results from national and international assessments indicate that school children in the United
States are not learning mathematics well enough. Many students cannot correctly apply
computational algorithms to solve problems. Their understanding and use of decimals and
fractions are especially weak. Indeed, helping all children succeed in mathematics is an
imperative national goal. However, for our youth to succeed, we need to change how weâ€™re
teaching this discipline. Helping Children Learn Mathematics provides comprehensive and
reliable information that will guide efforts to improve school mathematics from
pre--kindergarten through eighth grade. The authors explain the five strands of mathematical
proficiency and discuss the major changes that need to be made in mathematics instruction,
instructional materials, assessments, teacher education, and the broader educational system
and answers some of the frequently asked questions when it comes to mathematics
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instruction. The book concludes by providing recommended actions for parents and caregivers,
teachers, administrators, and policy makers, stressing the importance that everyone work
together to ensure a mathematically literate society.
This book takes a fresh look at programs for advanced studies for high school students in the
United States, with a particular focus on the Advanced Placement and the International
Baccalaureate programs, and asks how advanced studies can be significantly improved in
general. It also examines two of the core issues surrounding these programs: they can have a
profound impact on other components of the education system and participation in the
programs has become key to admission at selective institutions of higher education. By looking
at what could enhance the quality of high school advanced study programs as well as what
precedes and comes after these programs, this report provides teachers, parents, curriculum
developers, administrators, college science and mathematics faculty, and the educational
research community with a detailed assessment that can be used to guide change within
advanced study programs.

This collection of papers from an international group of academics invites the
reader to explore the complex set of phenomena surrounding mathematical skills
acquisition and development in children.
quantities in the solution process.
This book introduces the concept of a hypothetical type of knowledge
construction -- referred to as structural knowledge -- that goes beyond traditional
forms of information recall to provide the bases for knowledge application.
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Assuming that the validity of the concept is accepted, the volume functions as a
handbook for supporting the assessment and use of structural knowledge in
learning and instructional settings. It's descriptions are direct and short, and its
structure is consistent. Almost all of the chapters describe a technique for
representing and assessing structural knowledge acquisition, conveying
knowledge structures through direct instruction, or providing learners with
strategies that they may use to acquire structural knowledge. These chapters
include the following sections in the same sequence: * description of the
technique and its theoretical or conceptual rationale * examples and applications
* procedures for development and use * effectiveness -- learner interactions and
differences, and advantages and disadvantages * references to the literature.
The chapters are structured to facilitate access to information as well as to
illuminate comparisons and contrasts among the techniques.
Describes ways to incorporate domain modeling into software development.
This revision of Bloom's taxonomy is designed to help teachers understand and
implement standards-based curriculums. Cognitive psychologists, curriculum
specialists, teacher educators, and researchers have developed a twodimensional framework, focusing on knowledge and cognitive processes. In
combination, these two define what students are expected to learn in school. It
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explores curriculums from three unique perspectives-cognitive psychologists
(learning emphasis), curriculum specialists and teacher educators (C & I
emphasis), and measurement and assessment experts (assessment emphasis).
This revisited framework allows you to connect learning in all areas of curriculum.
Educators, or others interested in educational psychology or educational
methods for grades K-12.
The popular author of Classroom Instruction That Works discusses 10 questions
that can help teachers sharpen their craft and do what really works for the
particular students in their classroom.
How Students Learn: Science in the Classroom builds on the discoveries detailed
in the best-selling How People Learn. Now these findings are presented in a way
that teachers can use immediately, to revitalize their work in the classroom for
even greater effectiveness. Organized for utility, the book explores how the
principles of learning can be applied in science at three levels: elementary,
middle, and high school. Leading educators explain in detail how they developed
successful curricula and teaching approaches, presenting strategies that serve
as models for curriculum development and classroom instruction. Their
recounting of personal teaching experiences lends strength and warmth to this
volume. This book discusses how to build straightforward science experiments
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into true understanding of scientific principles. It also features illustrated
suggestions for classroom activities.
The book raises a broad scope of themes including the intellectual,
psychological, cultural, definitional and structural issues that academic instruction
librarians face in higher education environments. The chapters in this book
represent the voices of eight instruction librarians, including two Immersion
faculty members. Other perspectives come from a library dean, a library school
faculty member, a library coordinator of school library media certification
programs, and a director emerita from a School of Education.
Schwartz Powerful Ideas in Elementary Mathematics: Pedagogical Content
Knowledge for Teachers, 1/e ISBN: 0205493750 "This book would be a great
tool for helping [today's future elementary teachers] acquire a 'gut level'
understanding of mathematics concepts." - Hester Lewellen, Baldwin-Wallace
College, OH "The writing in this text is very clear and would easily be understood
by the intended audience. The real-world examples put the various math
concepts into a context that is easily understood. The vignettes at the beginning
of each chapter are interesting and they get the reader to begin thinking about
the math concepts that will follow. Each of the chapters seem to build on one
another and the author often refers back to activities and concepts from previous
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chapters which is meaningful to the reader because it lets the reader know that
the information they are learning builds their conceptual understanding of other
mathematical concepts. " - Melany L. Rish, University of South Carolina, Aiken
Organized around five key concepts or "powerful ideas" in mathematics, this text
presents elementary mathematics content in a concise and nonthreatening
manner for teachers. Designed to sharpen teachers' mathematics pedagogical
content knowledge, the friendly writing style and vignettes relate math concepts
to "real life" situations so that they may better present the content to their
students. The five "powerful ideas" (composition, decomposition, relationships,
representation, and context) provide an organizing framework and highlight the
interconnections between mathematics topics. In addition, the text thoroughly
integrates discussion of the five NCTM process strands. Features: Icons
highlighting the NCTM process standards appear throughout the book to indicate
where the text relates to each of these. Practice exercises and activities and their
explanations reinforce math concepts presented in the text and provide an
opportunity for reflection and practice. Concise, conversational chapters and
opening vignettes present math contents simply enough for even the most mathanxious pre-service teachers.
Design and teach effective learning goals and objectives by following strategies
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based on the strongest research available. This book includes a summary of key
research behind these classroom practices and shows how to implement them
using step-by-step hands-on strategies. Short quizzes help readers assess their
understanding of the instructional best practices explained in each section.
How do we understand numbers? Do animals and babies have numerical
abilities? Why do some people fail to grasp numbers, and how we can improve
numerical understanding? Numbers are vital to so many areas of life: in science,
economics, sports, education, and many aspects of everyday life from infancy
onwards. Numerical cognition is a vibrant area that brings together scientists
from different and diverse research areas (e.g., neuropsychology, cognitive
psychology, developmental psychology, comparative psychology, anthropology,
education, and neuroscience) using different methodological approaches (e.g.,
behavioral studies of healthy children and adults and of patients;
electrophysiology and brain imaging studies in humans; single-cell
neurophysiology in non-human primates, habituation studies in human infants
and animals, and computer modeling). While the study of numerical cognition
had been relatively neglected for a long time, during the last decade there has
been an explosion of studies and new findings. This has resulted in an enormous
advance in our understanding of the neural and cognitive mechanisms of
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numerical cognition. In addition, there has recently been increasing interest and
concern about pupils' mathematical achievement in many countries, resulting in
attempts to use research to guide mathematics instruction in schools, and to
develop interventions for children with mathematical difficulties. This handbook
brings together the different research areas that make up the field of numerical
cognition in one comprehensive and authoritative volume. The chapters provide a
broad and extensive review that is written in an accessible form for scholars and
students, as well as educationalists, clinicians, and policy makers. The book
covers the most important aspects of research on numerical cognition from the
areas of development psychology, cognitive psychology, neuropsychology and
rehabilitation, learning disabilities, human and animal cognition and
neuroscience, computational modeling, education and individual differences, and
philosophy. Containing more than 60 chapters by leading specialists in their
fields, the Oxford Handbook of Numerical Cognition is a state-of-the-art review of
the current literature.
This handy resource describes and illustrates the conceptsunderlying the “First
Principles of Instruction” andillustrates First Principles and their application in a
widevariety of instructional products. The book introduces thee3 Course Critique
Checklist that can be used toevaluate existing instructional product. It also
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providesdirections for applying this checklist and illustrates its use fora variety of
different kinds of courses. The Author has alsodeveloped a Pebble-in-the-Pond
instructional design model with anaccompanying e3 ID Checklist. This
checklistenables instructional designers to design and develop
instructionalproducts that more adequately implement First Principles
ofInstruction.
This book examines new trends and developments in research related to the mathematical
education of pre-service elementary teachers, and explores the implications of these research
advances for theory and practice in teacher education. The book is organized around the
following four overarching themes: pre-service teachers’ mathematics content and
mathematics-specific pedagogical preparation; professional growth through activities and
assessment tools used in mathematics teacher preparation programs; pre-service
mathematics teachers’ knowledge and beliefs; and perspectives on noticing in the preparation
of elementary mathematics teachers. Including contributions from researchers working in 11
different countries, the book offers a forum for discussing and debating the state of the art
regarding the mathematical preparation of pre-service elementary teachers. By presenting and
discussing the findings of research conducted in different countries, the book offers also
opportunities to readers to learn about varying teacher education practices around the world,
such as: innovative practices in advancing or assessing teachers’ knowledge and beliefs,
similarities and differences in the formal mathematics education of teachers, types of and
routes in teacher education, and factors that can influence similarities or differences.
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Have you ever wondered why students too often have only a rudimentary understanding of
mathematics, why even rich and exciting hands-on learning does not always result in "real"
learning of new concepts? The answer lies in whether students have actually learned
mathematical concepts, rather than merely memorizing facts and formulas. Concept-Rich
Mathematics Instruction is based on the constructivist view that concepts are not simply facts
to be memorized and later recalled, but rather knowledge that learners develop through an
active process of adapting to new experiences. The teacher's role is critical in this process.
When teachers prompt students to reflect on their experiences and report and answer
questions verbally, students must re-examine and even revise their concepts of reality. Meir
Ben-Hur offers expert guidance on all aspects of Concept-Rich Mathematics Instruction,
including * Identifying the core concepts of the mathematics curriculum. * Planning instructional
sequences that build upon concepts that students already understand. * Designing learning
experiences that provoke thoughtful discussions about new concepts and prepare students to
apply these concepts on their own. * Identifying student errors, particularly those caused by
preconceptions, as important sources of information and as key instructional tools. *
Conducting classroom dialogues that are rich in alternative representations. * Using a variety
of formative assessment methods to reveal the state of students' learning. * Incorporating
problem-solving activities that provoke cognitive dissonance and enhance students' cognitive
competence. Concept-Rich Mathematics Instruction is grounded in the belief that all students
can learn to think mathematically and solve challenging problems. If you're looking for a
powerful way to improve students' performance in mathematics and move closer to fulfilling the
NCTM standards, look no further: this approach provides the building blocks for constructing a
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first-class mathematics program.
This dissertation, "An Exploratory Study of the Difficulties With Simple Arithmetic Word
Problems Among Primary School Academically Low Achievers" by Yuet-ling, Linda, Kwan, ???,
was obtained from The University of Hong Kong (Pokfulam, Hong Kong) and is being sold
pursuant to Creative Commons: Attribution 3.0 Hong Kong License. The content of this
dissertation has not been altered in any way. We have altered the formatting in order to
facilitate the ease of printing and reading of the dissertation. All rights not granted by the above
license are retained by the author. Abstract: All teachers encounter children with different
abilities. It is a constant challenge and teachers do their best to identify the poor performers
and understand the reasons for their poor performance. But when a whole class is poor in a
particular subject, it raises the question why. The purpose of my study was to examine the
reasons why a whole body of students at primary level found difficulty in learning mathematics.
I wanted to understand whether it was a lack of conceptual knowledge or procedural
knowledge - or both; to see how they coped with simple problems (''find the sum'', ''missing
addend'' and ''guessing game''), and, when they found these problems a challenge, what were
the hurdles to their understanding. I studied a group of students at a particular school. I was
aware that they all had difficulties in understanding mathematics. In all, I interviewed 27
students (one-to-one or in pairs) and also observed them in a classroom context to identify
common difficulties. I selected four students (who had exhibited difficulties which were
common to all 27 students) for further interviews. I wanted to investigate common difficulties in
greater depth and to identify any other difficulties that were either peculiar to one or other of
those four students, or which might reasonably be also attributed to the other 23 students. In
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the case of my students, they seem to lack both conceptual and procedural knowledge. Even
where they had some procedural knowledge, I identified failures in that knowledge. Examples
include insufficient flexibility, failure to use counting on, failure to translate a word problem into
a proper number sentence, being able to write a number sentence but unable to operate it,
being unable to count by grouping and regrouping, and moving to the use of number
sentences when they were not properly equipped to understand them. Although good
procedural skills could help in increasing conceptual knowledge, the students showed a
marked lack of understanding of part-whole relationship. An understanding of part-whole
relationship is fundamental to the understanding of mathematics and, in my view, is one of the
first steps so that children can then become adept at learning using procedural knowledge.
This lack of conceptual knowledge seems certainly to have hindered the students from gaining
procedural knowledge - and, in turn, this lack of procedural knowledge has hindered their
gaining of conceptual knowledge. Lack of conceptual knowledge or procedural knowledge can
easily be overlooked unless the teacher is able to observe carefully where the student is going
wrong and questioning why that should be so. In the busy classroom with a curriculum to get
through and more than several students to teach, it is unsurprising that teachers might easily
overlook the reason why a child is having a problem with mathematics. It is understandable
that a teacher might jump to the wrong conclusion - perhaps assuming that a child cannot
solve the problem because they have worked it incorrectly rather than that the issue is much
more fundamental - the child has not made sense of the problem at all. The message for
teachers, I respectfully submit, has to be that, when faced with students who are performing
badly in mathematics, it is vital to ascertain the reason. Is it a conceptual or a procedural
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Banish math anxiety and give students of all ages a clear roadmap to success Mathematical
Mindsets provides practical strategies and activities to help teachers and parents show all
children, even those who are convinced that they are bad at math, that they can enjoy and
succeed in math. Jo Boaler—Stanford researcher, professor of math education, and expert on
math learning—has studied why students don't like math and often fail in math classes. She's
followed thousands of students through middle and high schools to study how they learn and to
find the most effective ways to unleash the math potential in all students. There is a clear gap
between what research has shown to work in teaching math and what happens in schools and
at home. This book bridges that gap by turning research findings into practical activities and
advice. Boaler translates Carol Dweck's concept of 'mindset' into math teaching and parenting
strategies, showing how students can go from self-doubt to strong self-confidence, which is so
important to math learning. Boaler reveals the steps that must be taken by schools and parents
to improve math education for all. Mathematical Mindsets: Explains how the brain processes
mathematics learning Reveals how to turn mistakes and struggles into valuable learning
experiences Provides examples of rich mathematical activities to replace rote learning Explains
ways to give students a positive math mindset Gives examples of how assessment and
grading policies need to change to support real understanding Scores of students hate and
fear math, so they end up leaving school without an understanding of basic mathematical
concepts. Their evasion and departure hinders math-related pathways and STEM career
opportunities. Research has shown very clear methods to change this phenomena, but the
information has been confined to research journals—until now. Mathematical Mindsets provides
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a proven, practical roadmap to mathematics success for any student at any age.
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