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Abstract

In this study, the professional development for a physics program called Visual Quantum
Mechanics (VQM) was observed and analyzed. Four of the participants in a summer institute as
Kansas State University (KSU) volunteered to be observed by the researcher as they
implemented the program into their classrooms during the next academic year. Observations
were used to determine the effectiveness of the instructional strategies that they used. The
students’ perception of the laboratory sessions was evaluated and student understanding of the
physics concepts also was determined.

Qualitative and quantitative data analyses indicated that the professional development as
presented and supported by the KSU team provided teachers with the information necessary to
use the VOM program successfully with their students. However, only 30% of the teachers
implemented the program during the following school year. Instructional strategies advocated
by the VOM program included use of the hands-on equipment and computer simulations as well
as discussion techniques. Observations revealed that students were more attentive during
laboratory activities and less attentive during the discussions. Nevertheless, discussion proved to
be a valuable component of this process. The researcher concluded that high quality professional
development encouraged teaches to implement VOM in their classrooms. Although teachers did
not always follow the instructional strategies advocated by the program, the inquiry-based hands-
on activities and computer simulations kept students attentive. As a result, there was significant
learning directly attributable to VOM for the students who participated in the study. Students
who finished a complete learning cycle within the activities showed more significant learning
than students who did not complete a learning cycle.

Professional development can be designed to encourage teachers to implement new skills.
For Visual Quantum Mechanics, emphasizing the importance of the whole class discussions,
presenting the connections between the concepts and the science standards, and focusing on
strategies for implementation will provide additional confidence to teachers as they implement

the program in their classrooms.
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CHAPTER 1 - Introduction

“Teacher success = student success.”

(Stronge, 2007, p. 105)

Research shows that the single most important school-related factor in raising student
achievement is the quality of the teacher in the classroom (Marzano, 2003 and NBPTS, 2007). A
teacher has the ability to transfer knowledge so that students can understand and apply skills for
themselves (Stronge, 2007). The result of effective teaching is higher student motivation and
greater gains in learning (McCombs and Miller, 2007). Effective teachers need to be
knowledgeable in their content area, in pedagogy (Stronge, 2007 and Tobin, Tippins and Gallard,
1994), and in pedagogical content knowledge (Shulman, 1987). In addition, effective teachers
are highly reflective. They believe that they can make a difference with a diversity of learners
(McCombs and Miller, 1997) because they feel they are responsible for the success of their
students (Stronge, 2007). They see teaching and learning as a partnership with their students.

Effective teachers care about their students and believe that students should be
responsible for their own learning so they provide opportunities for the student to make choices
in their learning. Effective teachers are passionate about their content areas as well as experts in
their fields (McCombs and Mille, 2007). Therefore, to ensure student success, there must be an
effective teacher in every classroom. Teachers may become more effective through the use of a
high quality curriculum and effective instructional strategies and participation in high quality
professional development. This study explored the professional development provided by Kansas
State University (KSU) to middle and high school physics teachers through a group called
QuarkNet. The instructional strategies used by the teachers as they implemented a physics
curriculum called Visual Quantum Mechanics were observed and the resulting student learning
was determined. This study explored the relationship between professional development
strategies, a physics curriculum, effective teaching and student perceptions and learning.

Effective teachers set high expectations for their students and are consistent in the
manner that they are used in the classroom (Whitaker, 2004). Teachers know that the

expectations for student learning are based on national and state level learning standards in the
1



core content areas. The high expectations for student learning translate to high expectations for
teachers as well (Whitaker, 2004). While the standards define the content of instruction, the
curriculum defines the emphasis and perspectives on the content (Krueger and Sutton, 2001). It
is the plan for learning that provides the content and purpose for an educational program (van
den Akker, 1998). The curriculum should be based on the standards because the standards
identify what the students should know and be able to do. In science, this means that students
will have the information and understanding of concepts in science that drives the processes
necessary for making personal decisions, participating in civic and cultural affairs and becoming
economically productive (NSES, 1996). In other words, they will be scientifically literate
(Krueger and Sutton, 2001). Students should have an understanding of the natural world (NSES,
1996). They should be able to apply scientific thinking in real-life problem solving (Krueger and
Sutton, 2001 and NSES, 1996). They should be able to intelligently debate scientific issues and
use science knowledge to be an economically productive citizen (NSES, 1996). This translates
to science for all students, not just those who would choose a science related career (Bybee and
Ben-Zvi, 1998).

The curriculum is only a guide. Local school districts determine the way science content
is organized, emphasized and taught. Teachers are the interface between the standards and the
students. As such, they must balance the students’ prior knowledge and future needs as they plan
for daily lessons with the diverse student population in mind (Krueger and Sutton, 2001). To be
successful, a curriculum or program must be both coherent and articulate. Coherence connects
the ideas and skills and allows them to build on one another over time. Articulation describes the
relationships between the elements within the program so that they challenge the students to
reach deeper understanding. To achieve coherence and articulation, a program should focus on
important concepts and skills, develop understanding over several years in logical pathways,
show connections between concepts and skills, and explicitly assess and diagnose students along
the way (Krueger and Sutton, 2001). A curriculum should be designed to build upon the
student’s prior knowledge. It should include strategies, resources and materials that the teacher
needs for implementation and assessment. The teacher’s needs in areas such as classroom
management and program effectiveness should be included in the curriculum as well as
addressing the cultural and educational context in which it will be used (Bybee and Ben-Zvi,

1998).



No matter what the curriculum, teachers make the final decisions about which
instructional strategies to use based on a wide variety of learning styles, backgrounds and
interests (Bybee and Ben-Zvi, 1998, Krueger and Sutton, 2001). It’s the people, not the
programs that make schools successful (Whitaker, 2004). An effective teacher uses a multitude
of instructional strategies chosen to meet the needs of the students (Danielson, 2007 and Stronge,
2007) Instructional strategies are the manner in which a teacher uses materials, media, setting
and behaviors to create a learning environment that fosters learning. These strategies are placed
on a continuum with teacher-centered classrooms on one end and student-centered classrooms on
the other end. In a teacher-centered classroom, the student is more passive. Teacher strategies
would include lecture, whole class discussions, demonstrations and questioning techniques. In a
student-centered classroom, the student is more active. These strategies include lab, inquiry
activities, small group discussions, computer simulations and field trips (Hofstein and Walberg,
1995). In a student-centered classroom there is a combination of foci. One focus is the
individual learner’s heredity, talent and interests. The other focus is on knowledge about
learning and how it occurs. Strategies in these classrooms encourage high levels of motivation,
learning and achievement (McCombs and Miller, 2007). Effective instructional strategies are an
important component of effective teaching.

The choice of quality materials (Krueger and Sutton, 2001) and instructional strategies
used with a new program in the classroom will be influenced by professional development.
Professional development for a curriculum should include the content and pedagogy that the
teacher needs to know. It should also explain the philosophy, materials, expected outcomes and
assessment strategies (Bybee and Ben-Zvi, 1998). This requires sufficient time and resources
(Krueger and Sutton, 2001). The Professional Development Standards from the National
Science Education Standards (NSES), shown in Figure 2.5, describe the characteristics of high
quality professional development in detail.

Professional Development Standard A links professional development to science content
and inquiry methods of learning by stating that science teachers need a strong base in science
content obtained through the methods of inquiry (NESE, 1996). High quality professional
development addresses content and pedagogy (Danielson, 2007, Garet, et al., 1999, NSES, 1996,
and van den Akker, 1998 ) through learning opportunities that build on prior knowledge,
immerse the teacher in stimulating processes, allows for teamwork (which encourages collegial
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relationships), and extend over a sustained period of time (Garet, et al., 1999 and NSES, 1996).
This provides teachers with the opportunity to stay updated on their content areas, improve their
teaching practices, and increase the use of technology (Danielson, 2007). Professional
development should model the methods that ought to be used with the students and how those
methods can be adapted for different types of students (Garet, et al, 1999). This is directly
related to Professional Development Standard B from NSES which describes professional
development that integrates knowledge of science content, learning, pedagogy, and students as it
addresses teachers’ learning needs (NSES, 1996). Professional Development Standard C in
NSES promotes lifelong learning which includes the skills of reflection, collaboration, and
research to improve teaching skills. For all of this to happen, professional development must be
planned with specific goals in mind that meet the needs of the teacher, provided collaboration,
and recognize the culture of the school and community, and an assessment program that provides
feedback. This is stated in Professional Development Standard D of the NSES (NSES, 1996).

High quality professional development also will provide teachers the time needed to
assimilate the information, try to apply the information with students, and re-gather for
reflections and feedback (Garet, et al, 1999). As Standard C describes, professional development
should build understanding and the ability to become a life-long learner which can require the
help of peers, coaches and mentors. Life-long learning not only requires time for reflection but
also for access to research and the opportunity to develop experiential knowledge (NESE, 1996).
Professional development only makes sense if it is coherent and integrated (Standard D). It
should extend over a period of time, be continuously reinforced, and include time for practice.
Collaboration between teachers, administrators, professional organizations and parents is an
important component of this as well (NSES, 1996).

Effective teachers are life-long learners who model this process for their students
(Danielson, 2007). They understand that the process of teaching provides an arrangement of
the environment which allows students to interact and learn (Joyce and Weil, 1996). How
students learn, what they learn, and how much they learn is directly related to the effectiveness
of the teacher (Stronge, 2007). Becoming an effective teacher is a life-long journey that requires
collegial relationships, observation of other teachers, appropriate peer feedback and learning

experiences that can be provided by professional development (Stronge, 2007). Consequently,



high quality professional development should lead to the use of higher quality curricula and

instructional strategies that should, in turn, influence student learning.

Background and Rationale

Visual Quantum Mechanics (VQM) is a physics curriculum based on modern physics
concepts. It was written in 1995 by the Kansas State Physics Education Research Group as an
activity-centered instructional approach based on the use of the learning cycle (Escalada, 1997).
Students explore the electrical and spectral properties of LED’s and incandescent lights as they
relate to quantum principles. The program includes hands-on activities, computer simulations,
and applications problems within five units.

QuarkNet is a project funded by the National Science Foundation (NSF), the United
States Department of Energy (DOE), ATLAS, CMS and Fermilab. The goal of the project is to
help teachers reach a deeper understanding of physics content with an emphasis on inquiry
learning and modern (particle) physics concepts. There are approximately 50 universities and
labs, including the physics department at KSU, participating in the QuarkNet program. Since the
Visual Quantum Mechanics program was designed to build conceptual understanding of modern
physics with an emphasis on inquiry learning, the QuarkNet group at KSU is encouraging
physics teachers in Kansas to use this curriculum in their classes. A series of professional
development opportunities was designed and conducted to enhance the implementation of the
Solids & Light unit.

The KSU QuarkNet group focused its recruitment of participants on rural schools in
Kansas. Teachers came to participate in the QuarkNet Project from across the state of Kansas
with a wide variety of teaching experiences. To encourage additional involvement, a search for
new teachers was conducted during the spring of 2007. The new teachers attended a one-week
long professional development that included information about the Visual Quantum Mechanics
program. The professional development lasted multiple days, allowed time for reflection and
collaborations and promised continued support for those teachers who used the program in their
classrooms. It was hoped that the instructional strategies used by the teachers as they

implemented Solids & Light in their classrooms would influence student learning of modern
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physics concepts. To more fully assess the success of the professional development provided by
the QuarkNet program at KSU, it was important to explore the implementation of the Solids &
Light unit and its impact on teaching and learning as well as the effectiveness of the professional

development designed to enhance the implementation of the Solids & Light unit.

Statement of the Problem

Lawrence Escalada previously evaluated the Quantum Visual Mechanics program in
1996. He investigated how implementation of the Solids & Light unit was influenced by the
student and teacher interactions with the materials, student and teacher difficulties and
misconceptions, and student and teacher attitudes. He also evaluated how student and teacher
interactions were affected by the their attitudes toward the materials, physics, and computers, the
availability of resources, the teacher’s gender and teaching experience and the level of the
physics class (Escalada, 1997).

The purpose of this study was to investigate the implementation of the Solids & Light
unit from Visual Quantum Mechanics and the professional development strategies conducted to
enhance the implementation of this unit. More specifically, this investigation has been designed
as a naturalistic inquiry case study to explore how implementation of the physics unit was
affected by the professional development that the teachers received to prepare them to implement
the unit. The case study also was designed to investigate students' conceptual understanding of
the physics concepts presented through the unit and students’ perception of the laboratory
environment and how these perceptions affect students’ interaction with the materials in the

program.

Research Questions

How does the professional development for Visual Quantum Mechanics influence
teachers’ implementation of the program?
a. How does the professional development affect the classroom implementation of

individual activities within the program?

6



b. What instructional strategies are most commonly used by the teachers using the

Solids & Light unit?

How does implementation of Solids & Light affect student learning?

a. How does student perception of laboratory experiences affect their interaction with
Solids & Light materials?

b. Do students develop a conceptual understanding of the quantum mechanics in the

unit?

Summary of Research Design

This study was a naturalistic inquiry case study of the use of a physics program called
Solids & Light in several high schools in Kansas. The potential population was the teachers who
attended the week-long QuarkNet institute at Kansas State University during July 2007. These
teachers were invited to volunteer to participate in the study. Data were collected to determine
how the professional development influenced the use of Solids & Light in the physics classroom
and how the instructional strategies and materials affected student learning. The data sources
were both qualitative and quantitative. The researcher used a Classroom Observation Protocol to
examine the teaching strategies and student use of materials. Qualitative data included surveys,
questionnaires and interviews. Some of the questions were designed as Likert scales.
Quantitative data included a frequency chart within the Classroom Observation Protocol, the
Science Laboratory Environment Inventory, and a pre/post test for student learning. This

research design will be explained more fully in chapter three.

Assumptions of the Study

Within this study, methodological assumptions were made. First, it was assumed that
the naturalistic inquiry approach would answer the research questions. The qualitative data

provided a detailed view of how the professional development influenced the use of the Solids &
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Light program. The data show the teaching strategies used by the teachers as they implemented
the curriculum unit. The quantitative data has complemented this view of the observed
classrooms. It also was assumed that the qualitative data would be somewhat subjective in
nature. Because qualitative data has an emergent nature, it was assumed that there may be
unexpected outcomes. These were used to further identify patterns that may occur throughout
the study. It was assumed that the teachers and students who volunteered to participate were
truthful in their answers to the questionnaires, interviews and surveys.

There were assumptions directly related to Solids & Light. It was assumed that the
teachers who volunteered to participate attended the professional development institute for the
necessary background on the program. It was assumed that the students are enrolled in a high
school level physics class and had the appropriate prerequisites that would allow them to be

successful in learning the content.

Limitations and Boundaries of the Study

Boundary conditions include the following statements.

- Data collection was limited to the professional development and implementation of the
Solids & Light unit and their impact on teaching and learning.

- The population in the study was limited to those teachers who participated in the 2007
QuarkNet summer institute.

- Research results, interpretations and conclusions are limited to the teachers and students
involved in the study. The researcher does not intend to generalize the results beyond
these teachers and students. However, readers may determine the transferability of these
findings to their own environment.

- This study is not an evaluation that compares Solids & Light to another curriculum as
there are limited curricular resources for this content making comparisons challenging.
Possible limitations that must be addressed during the course of the study include the

following.

- The researcher’s role as a QuarkNet member may influence her interpretations of the

data.



- The researcher’s use of the Solids & Light program prior to the 2007 summer institute
may influence her interpretations of the data.
To reduce the above limitations, the researcher was open-minded as the data were
collected, followed proper research protocol, and tended to other quality considerations that

might impact the credibility of the study as described in chapter three.

Significance of the Study

The results of this study are intended to be beneficial for the researcher (who uses the
program with high school physics students) and for other teachers in the area of science,
specifically physics classrooms, that are similar to those in the study. Although this study will
not be used to change the Solids & Light program as the evaluation in 1996 did, it may influence
the presentation of the program in later professional development sessions. Individuals interested
in the design of high quality science curricula, professional development, and implementation

support may also draw insights from this study as it relates to their particular contexts.

Summary

This study sought to determine how professional development influences the
implementation of the Solids & Light unit and how the instructional strategies and materials used
as part of this curriculum affected student learning. Chapter Two will review the literature
related to how students learn, how teachers teach, how teaching strategies must connect teaching
and learning and the professional development that improves teaching skills. Chapter Three will
explain the methodology and design of the study, to include the factors that determined the
choice of teachers in the study, the types of data collected and how these data were analyzed.
Chapter four will present the data resulting from the study of the Solids & Light unit. Chapter
five will discuss the interpretations, conclusions and recommendations that become apparent

from the data.



CHAPTER 2 - Review of Related Literature

The Effective Teacher

“Better Teaching = Better Learning = Better Schools”. (NBPTS, 2007)

Research shows that the single most importance school-related factor in raising student
achievement is the quality of the teacher in the classroom (Marzano, 2003, NBPTS, 2007, and
Whitaker, 2004). Teaching is a complex process requiring multiple skills. Teachers must have
higher-order teaching skills if students need to learn higher-order thinking skills (NBPTS, 2007).
The complexity of teaching extends over several areas of the job. Teaching is demanding
physically, emotionally, and cognitively. It combines the skills of business management, human
relations and theater arts and it is highly stressful (Danielson, 2007). As a result of this
complexity, the National Board for Professional Teaching Standards was founded in 1987. Its
mission is to increase the quality of teaching and learning using national standards for
experienced teachers. As teachers work toward Nation Board Certification, they produce a
portfolio that represents their classroom activities and their ability to uphold the National
Teaching Standards (NBPTS, 2002). There are currently 55,000 Board Certified Teachers
(NBPTS, 2007). The National Board Standards consist of five core propositions as shown in
Figure 2.1.

Figure 2.1 The Five Core Propositions — NBPTS, 2002

Teachers are committed to students and their learning.

Teachers know the subjects they teach and how to teach those subjects to students.
Teachers are responsible for managing and monitoring student learning.

Teachers think systematically about their practice and learn from experience.
Teachers are members of learning communities.

SNk =
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Teachers are not able to do their job unless they truly believe that all students can learn.
However, they must also acknowledge that students are individuals who learn in their unique
ways and paces. In order to make the necessary adjustments for student needs, teachers must
understand student development and the process of learning plus consider the influence of
context and culture on the learning process (NBPTS, 2002 and NCTAF, 1996). Teachers should
know the students both formally (such as in the classroom) and informally by demonstrating
interest in students outside of the classroom (such as personal situation, or being present at
athletic activities). This increases student self-esteem and motivation (Stronge, 2007).

The most important factor in student learning is the effectiveness of the teacher
(Marzano, 2003 and NBPTS, 2007). Effective teachers view the processes of teaching and
learning as a partnership between teacher and students. These teachers understand learning
theory and use instructional strategies that are most effective (McCombs and Miller, 2007).
Instructional strategies describe the methods used by teachers for materials, media, setting and
behaviors that produce an environment that fosters learning. Strategies can be found on a
continuum that starts at one end with teacher centered activities which include lecture,
demonstration and questioning techniques that allow the student to be more passive. The
continuum extends to the other end with student centered activities which include labs, inquiry
activities and computer simulations (Hofstein and Walberg, 1995). To use the instructional
strategies effectively, teachers need to understand pedagogy, be knowledgeable in their content
area (Stronge, 2007 and Tobin, Tippins and Gallard, 1994) and be able to teach the content using
the instructional strategies that are appropriate for the students (Shulman, 1987). Becoming an
effective teacher is a life-long process of learning which requires high quality professional
development (Danielson, 2007, Garet, et al., 1999, NSES, 1996, and van den Akker, 1998).
Three characteristics of an effective teacher are an understanding of learning theory, the use of
instructional strategies that match the students’ learning and the maintenance and growth of

teaching skills obtained through attendance at professional development opportunities.
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Learning Theory

In order to use the appropriate classroom organization and management, instructional
models and strategies, and classroom discourse, teachers must have an understanding of how

students learn — in other words — how to apply learning theory to classroom practice.

Cognitive Development (Piaget’s theory)

According to Piaget, an individual learns as one progresses through several stages of
cognitive development: the sensorimotor stage, the preoperational stage, the concrete operation
stage and the formal operational stage (Boeree, 2004, Campbell, 2002, Gruber & Voneche, 1995
and Sprenger, 1999). The sensorimotor stage begins at birth and lasts until about age two years.
The infant learns about the world using senses and motor abilities that are produced with innate
reflexes. An example of an innate motor skill is the sucking response. Actions are not
internalized in the form of thought. For most of the stage, objects that are not visible do not exist
for the infant. By the end of the sensorimotor stage, an infant can solve sensorimotor problems
such as reaching objects (Boeree, 2004, Campbell, 2002, Gruber & Voneche, 1995).

From approximately age two to seven years, the child is in the preoperational stage.
Symbolic function develops which allows understanding of language and the ability to speak.
The child begins to play creatively as the process of mental imaging develops. This allows
internalization of actions into thought. There is also an understanding of the past and future. A
child at this stage is also egocentric; he can see only his own point of view (Boeree, 2004,
Campbell, 2002, Gruber & Voneche, 1995).

The third stage of development, the concrete operational stage lasts from age seven to
eleven years. At this point the child can think logically as long as the situation is concrete. The
best indicator that a child has reached this stage is the ability to conserve number, length and
liquid volume. The child understands that the amount of matter stays the same even if its form
changes. Reversibility is possible also; the object can be returned to its original form. The child
develops the operational systems of classification and seriation. Seriation is putting things in

order or showing linking relationships. This is only done at a concrete level and through
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handling materials. The relationship between cause and effect, or causality, occurs in the
physical world as well (Boeree, 2004, Campbell, 2002, Gruber & Voneche, 1995).

Thought processes move from the concrete level to the abstract level in the fourth stage;
the formal operational stage, which begins at about age eleven years and continues through
adulthood. There are five important transformations from the concrete operation stage to the
formal operational stage. The most important transformation is gaining the capacity for
reasoning about a hypothesis. The child is able to verify hypotheses and show actual
relationships. This is the same process used by scientists to make hypotheses, predict the
consequences and make observations to see if the expectations are met. Experimentation can be
done in an organized fashion, exploring all possible combinations of factors in a logical sequence
(Campbell, 2002, Gruber & Voneche, 1995). Additional factors within the experiment can be
discovered and explored as well, since the child’s logic is now concentrated on propositions as
objects. For example, in an experiment about the movement of balls of different masses on a
horizontal surface, students may suggest that factors such as friction or air resistance will affect
the motion (Campbell, 2002, Gruber & Voneche, 1995).

The use of propositional logic is the second transformation. In the concrete operational
stage, the child reasons using a process that Piaget called intrapropositional operations, such as
classes, numbers and relations. This ability changes to interpropositional operations when the
child reaches preadolescence. The child can determine the validity of a train of thought
independently of its factual content. This leads to the ability to discriminate form from contents
and use symbolic logic. The change from intrapropositional operations to interpropositional
operations is the third transformation. The fourth transformation is the ability to combine
operations in more complex fashions; forming a closely knit system which allows one element of
the structure to pass to another part of the structure easily. The fifth transformation into the
formal operational stage enables the child to insert real cases into all possible cases that are
logical (Gruber & Voneche, 1995).

Piaget’s work is not as simplistic as just the operational stages. He also explains a mental
structure called the INRC that produces the five transformations just described. In this structure
there are four operational groups; identity (I), negation (N), reciprocity (R), and correlative (C)
or dual operations. The parts of the group are combined in a system called the lattice structure.
This structure is influenced by reversibility. The two types of reversibility are inversion and
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reciprocity. Inversion, also called negation, occurs when one action cancels out another action.
An example would be pouring water from one container into another container (direct operation)
and then pouring the water back into the first container (reverse operation). Reciprocity occurs
when considering the combination of direct operations and their reverse results. This shows
equivalence such as in 4 x 2 =2 x 4. Relationships are distinguished with this process.
Coordination of reversibility, which is not possible in the concrete operational stage, allows the
INRC group to provide a formal structure for the domain of knowledge (Gruber & Voneche,
1995).

In addition to INRC, Piaget’s work includes a description of the processes of assimilation
and accommodation. Assimilation is the use of the external environment to build schemata (also
called schemes or schemas) (Boeree, 2004, Campbell, 2002, Gruber & Voneche, 1995).
Schemata are certain skills that direct the way an object in the environment is explored. These
skills may be hereditary or acquired. As knowledge is gained, the skills become more
sophisticated. In assimilation, a new object fits into the old schemata since the process is
conservative and subordinates the environment. If the object doesn’t fit into the schemata, then
the schemata must be changed in a process called accommodation. In this situation, the
individual must change to meet the environment. Assimilation and accommodation are in
opposition to one another; the two sides of adaptation or learning. A learner oscillates between
the processes to understand the world. An ideal balance between the two processes produces
equilibrium (Boeree, 2004, Campbell, 2002, Gruber & Voneche, 1995). The idea that
information is assimilated and used to produce schemata is still supported in current research

with the concept of prior knowledge and its importance in learning.

Constructivism

Constructivism is a learning theory that describes learning as an active process which
uses experiences from the environment to build or construct knowledge and skills. The
knowledge is built from within using a thought process, such as reflection, or through social
interactions (Llewellyn, 2002 and Staver, 1998). This construction of knowledge and skills is

accomplished according to the prior knowledge and understanding. This theory is based on the
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premise that people search for and construct meaning from the environment by reflecting on our
experiences which results in mental models that provide meaning to our experiences (Llewellyn,
2002). Students build new knowledge and understanding on what they already know and believe
(Bradsford et al., 2000). In the science classroom, the teacher recognizes that the student is an
active participant in the learning process. Prior knowledge may include naive conceptions or
misconceptions. A constructivist teacher will provide experiences that not only allow the
students to share their theories but to test their understanding within group activities and inquiry-
based investigations (Llewellyn, 2002). In a constructivist classroom, students are provided the
opportunity to engage in interactions with the environment to create meaning from the
experience. If the experience matches the student’s prior knowledge, then the information will
be assimilated into the existing understanding. If it does not match, then disequilibrium will
result. The student will have to decide to discard the information because it does not fit into the
existing schemata or make accommodations to replace the existing schemata with the new

information (Bradsford et al., 2000 and Llewellyn, 2002).

Learning Principles

The key findings of the research as described by the National Research Council in “How
People Learn” (2000):

1. Prior knowledge must be engaged before new learning can occur.

2. To develop competence in a particular area, the learner must have a deep foundation of
factual knowledge, understand the conceptual framework for the facts and ideas and
organize the knowledge in ways that aid retrieval and use.

3. Students take charge of their learning through the process of metacognition. In this
process they define their goals and monitor their progress. Metacognitive strategies must

be taught.

Prior Knowledge
Learning is promoted by the child’s genetics and interaction with their environment.

Developmental processes strengthen the capabilities that are needed and lose those that are not.
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Cognitive changes occur not from a collection of facts, but as a process of conceptual
reorganization. There are several early cognitive abilities that are related to learning (Bradsford
et al., 2000).

Young children are pre-disposed to learn certain types of information rapidly and readily.
They actively engage in trying to make sense of their environment. These areas are called
“privileged domains.” The areas of information include physical and biological concepts,
causality, numbers, and language. While young children lack knowledge, they do have the
ability to reason using their current level of understanding. They are curious, which allows them
to generate questions. The questions are used to aid in the problem-solving process. Success
motivates the child’s persistence. Children develop their own metacognition early in life. This
gives them the ability to plan and monitor their success. However, children still require
assistance from adults who will give them direction and structure. Adults should also regulate
the complexity and levels of difficulty. Adults help learning by addressing the needs of the child
based on zones of proximal development. This zone is the distance between the child’s actual
developmental level and the level of potential development. This is determined through
problem-solving activities completed under adult guidance or through collaboration with more
advanced peers. The zone of proximal development is continually changing while it identifies
the upper levels of competence (Bradsford et al., 2000). As the brain develops, different parts of
the brain may be ready to learn at different times. This may produce spurts that are similar to
Piaget’s cognitive development stages (Bradsford et al., 2000).

Smooth transfer of information from neuron to neuron depends on myelination. The
growth stages and myelination of the brain appear to match Piaget’s four stages of child
development. From birth to 2 years, the areas of the brain that grow are the large motor system
and the visual system. This matches the sensorimotor stage. During the pre-operational stage,
ages 2-7, the language areas of the brain are growing. The parts of the brain that manipulate
thoughts and ideas grow during the concrete operations stage for ages 7-11. The largest release
of myelin may occur during adolescence, as the area of the brain used for higher-order thinking

grows. This coincides with the formal operations stage at ages 11-15 (Sprenger, 1999).
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Memory
The activation of several brain systems is the biological event called memory. To be
remembered, information must be encoded and processed by neurons (Wesson, 2002b). Jenson
(2000) provides a summary of the memory process.
“1. We think, feel, move and experience life (sensory stimulation).

2. All experiences are registered by the brain.

3. They are prioritized by value, meaning, and usefulness by brain structures and
processes.

4. Many individual neurons are activated.

5. Neurons transmit information to other neurons via electrical and chemical reactions.

6. These connections are strengthened by repetition, rest, and emotions. Lasting
memories are formed.” (Jenson, 2000, pg. 215)

The brain has the ability to process many different stimuli simultaneously and interconnect
them. Our senses provide the input from our environment. The brain receives information that is
conscious and unconscious. Changes in light or body posture can be detected as peripheral
perception (Caine and Caine, 1991). 80% to 90% of all information absorbed by the brain is
visual so the brain is attracted to movement, contrast, and color changes. The brain also is
impacted by aromas and music (Jensen, 2000). Even as babies, humans have the ability to
interact with the environment (Sousa, 2000).

An unexpected stimulus focuses the brain’s attention, so the brain seeks novelty
(Edelman, 2004, Sousa, 2006 and Sprenger, 2007). The more novel or challenging a stimulus is,
the more likely that it will activate a new neural pathway (Jensen, 2000). Sight, hearing, and
touch provide the most stimuli. A temporary stimulus will cause a neuron to fire once and then
the memory will decay (Sousa, 2006). While most responses are based on survival, such as
breathing and eating, even an infant will look for patterns. The brain continues to develop as its
ability to respond expands (Caine and Caine, 1991). Information that is not meaningful will get
less priority and will leave a weaker trace (Jensen, 2000). This creates a perception or
recognition that fades quickly. Loss of this type of memory keeps the brain from becoming too
cluttered (Sousa, 2006). In the theory of neural group selection (TNGS), memory is a change in
the synaptic strength within a neural circuit. This gives the brain the ability to repeat or suppress
a specific mental or physical act. Yet, memory is more complex than just a synaptic change. It is
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a system property in which the context and the association of several circuits with a similar
output are affected. So each memory or event is dynamic or changing and context-sensitive
(Edelman, 2004). Memory has three stages. Short-term memory is composed of the immediate
memory and the working memory. The third stage is long-term memory (Marzano, 1998 and
Souse, 2006).

Most stimuli go to the thalamus, which is part of the limbic system that acts as a
perceptual or sensory filtering system (Sousa, 2006). The brain processes about 40,000 bits of
data per second. This data is sorted by specific traits and characteristics (Sprenger, 1999 and
Wesson, 2001). Only the important information is allowed through. The thalamus sends the
information to the appropriate area of the cerebral cortex (for example, audio is sent to the
auditory cortex). The information is then acted upon or stored. If it is emotional, then it is sent
to the amygdala. If it is factual, it is sent to the hippocampus (Sprenger, 1999). The information
that makes it through the filter enters the short-term memory. The immediate memory holds
information for about 30 seconds. (Sousa, 2006, Hardiman, 2003, Jenson, 2000, Sprenger, 1999
and 2007, and Wesson, 2001). It reacts to threats to survival or emotions, both of which take
priority in reacting. Emotions can enhance memory (Sousa, 2006, Jenson, 2000, Sprenger, 1999
and 2007, and Wesson, 2001). Without emotional “arousal”, the stimulus goes unnoticed. Too
much emotional “arousal”, causes tension, anxiety and unproductiveness (Jenson, 2000).
Hormones that strengthen memory stimulate the amygdala, the part of the brain than controls
emotion (Sousa, 2006). The amygdala is responsible for bringing emotional content to memory.
The result is that emotion gives memory meaning (Jenson, 2000, Sousa, 2006, and Sprenger,
1999).

The networks that process emotions link the limbic system, the pre-frontal cortices, and
the brain areas that map and integrate signals from the body. This speeds up thinking (Jenson,
2000). The ability to focus on information, or learn, is determined by emotion (Wesson, 2001
and Sprenger, 2007). Learners tend to focus on events that have a positive emotional connection
because the amygdala is involved in emotions as well as recall and retention (Wesson, 2002a).
A positive classroom environment can make a difference in a student’s ability to learn
(Hardiman, 2003 and Souse, 2006). Emotions in the classroom should be dealt with gently and
personally. Negative emotions need to be processed and positive emotions should be celebrated
(Jenson, 2000).
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The working memory processes information that is temporary and under conscious
control. The information can come from a sensory stimulus or from the long-term memory. New
learning occurs in the working memory. The new information stimulates the hippocampus to
access the long term memory to find past learning that is similar to or associated with the new
information. If this is found, then the networks are activated, the memories are reassembled and
are moved to the working memory (Sousa, 2006). A central control mechanism in the short-term
memory manages the interaction of visual and spatial codes, auditory signals and information
from long-term memory. Sousa (2006) suggests that auditory and visual rehearsal during
learning raises the probability that the information will be stored in long-term memory
(Hardiman, 2003 and Souse, 2006). For example, listening and reading are used to decode
words, phrases and sentences, and put them into the working memory where they can activate
prior knowledge (storage and retrieval category) and be processed by the information processing
category. Writing and speaking activate prior knowledge first and then encode the information
so that it can be expressed by the individual (Marzano, 1998).

There are limits to the number of items that can be held in the short-term memory.
Sprenger (1999) explains that there is one memory space at age 3. Every other year another
space is added until the age of 15 (Sprenger, 1999). This means that preschoolers can hold only
two items. Preadolescents can hold three to seven with an average of five items. Adolescents
and adults can hold five to seven with an average of seven items. The average is greater here
because of the ability to connect information together in larger pieces through a process called
chunking (Sousa, 2006). As a person makes observations, the brain assigns understanding when
meaningful patterns are perceived. Familiar patterns can be “chunked” (Caine and Caine, 1991,
Bradsford et al., 2000 and Sousa, 2006). Chunking increases the number of items that can be
handled by the brain at one time because it views a set of data as a single item. The more an
individual can chunk information, the easier it is to recall the information. Experts have
organized conceptual structures called schemas that allow them to chunk information more easily
than novices. Students must be taught how to recognize meaningful patterns so that chunking
can be accomplished (Bradsford et al., 2000).

Chunking occurs in one of two ways. It may be deliberate or controlled by the learner
because the learner controls the associations that are chunked. An example is rehearsing a poem
one line at a time. The chunking may occur automatically as it is linked to perceptual processes.
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An example is the ability of the brain to expand reading processes from recognition of letters to
words to phrases and then to sentences (Sousa, 2006). Problem-solving requires chunking
because a large amount of relevant information is needed for problem-solving. Experts are better
at problem-solving because their knowledge base is more organized and the chunked patterns
allow them to be more intuitive (Sousa, 2006). Chunking helps the learner make associations
that establish meaning. “Knowing more” infers that there are more conceptual chunks in the
memory. There also are more interactions between those chunks. The chunks can be retrieved
from memory easily and there are procedures in place to use the chunks in problem-solving
(Bradsford et al., 2000). While there is a limit to the number of chunks that the brain can handle
at one time, there doesn’t seem to be a limit on the amount of information in a single chunk.
(Sousa, 2006)

Information in short-term memory will not be remembered unless it is stored in the brain
permanently. The brain does not passively record the information from our environment. It
works actively to store and recall the information (Bradsford et al., 2000). Sprenger (2007)
describes this process in seven steps. The first step is to grab the student’s attention with
emotion, novelty, or interaction of some other hook. Next, the student must have time to reflect.
This could be considered the first rehearsal for the information. Journaling, talking in small
groups, and drawing are examples of strategies that can be used for this process. This takes the
information to the working memory. The third step is recoding. In this step, the student
describes the information in his own words. This increases the level of understanding. The
fourth step is reinforcement which employs feedback. The information is still in the working
memory and it is imperative to know that the understanding is correct before placing it in long-
term memory (Sprenger, 2007). The best feedback is immediate, positive and dramatic.
Feedback does not always have to be from the teacher. Trial and error can teach the brain to
avoid “bad choices” (Jensen, 2000).

The fifth step is rehearsal. The student must use the information. This can be done with
the learning styles of the individual students in mind. The more areas of the brain the
information is stored in, the more easily it will be retrieved from the long-term memory. The
sixth stage is review. This should be done throughout the unit and for the entire year if
standardized testing is done. Review provides feedback and helps students focus on learning. It
allows information in long-term memory to be retrieved, manipulated and re-stored in the brain
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in various formats. The last step is retrieval. The ability to take information from the brain is
greater if the other six steps have been completed (Sprenger, 2007). The process of storing and
retrieving the information is called long-term memory. Long-term storage is the area of the brain
where memories are stored (Sousa, 2006).

In order for information to be stored in long-term memory, it must meet two criteria: It
must make sense or form patterns and it must be perceived as meaningful or important (Jensen,
2000, Sousa, 2006 and Sprenger, 1999). If the information has survival value, then it is stored
more quickly. For example, the memory of touching a hot object is stored more easily (Sousa,
2006). Information will only be meaningful if survival needs are met first (Jensen, 2000). Of the
two criteria, meaning, which is personal and influenced by past experience, is the most important
(Sousa, 2006). Several factors influence meaning-making. The first is relevance. This occurs
when the brain makes a connection with existing neural sites. The second is emotion, which is
triggered by the brain’s chemicals, indicating that learning is important. The last is context,
which triggers pattern making. Patterning is the “meaningful organization and categorization of
information” (Caine and Caine, 1991, pg 81). Patterns activate larger neural fields. Meaningful
learning is generated internally. The brain looks for links, associations, uses and procedures.
This means that reflection time is required. More intense new learning needs more reflection
time. Meaning is produced when the information is personal, there is an emotional attachment
and it makes sense (Jensen, 2000).

When the information has meaning, the hippocampus encodes the information and sends
different parts of the memory to various sites in the brain for storage. The division of the
different parts of the memory allows the brain to process large amounts of experiences using
cells linked to similar network systems (Wesson, 2001). If the stimulus repeats the pattern of
firing, then the stimulated neurons will bind together and fire simultaneously. This makes
retrieving the memory easier (Sousa, 2006). Retrieval is easier because as information arrives in
the cerebral cortex, the brain will match each trait or characteristic to previously stored
information of a similar type. If the information finds a match, then the event is “recognized”
(Wesson, 2001). Repeating an event or activity, causes the same neurons to fire and strengthen
their connections. This leads to the saying, “Neurons that fire together, wire together” (Wesson,

2001, Sprenger, 2007, and Edelman, 2004). Any incoming data that does not find a match does
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not register in the brain so the neurons do not respond in a meaningful way. This is the reason
that activating prior knowledge is so important for educators (Wesson, 2001).

The brain’s ability to store information is unlimited. However, storing information, or
memory, is not the same as learning. Learning is a process in which a person acquires new
knowledge and skill. Memory is the process of retaining the knowledge or skills for future use

(Sousa, 2006).

Retention

Learning also is not the same thing as retention. To learn, one acquires new information
and skills through a process of interplay between the brain, nervous system and environment. It
does not necessarily include long-term retention. Retention requires the construction of
conceptual frameworks that make sense and have meaning so that they will be stored in long-
term memory. In this way, learning is preserved so that it can be located and retrieved accurately
(Marzano, 1998 and Sousa, 2006). Retrieval of memories is the only evidence we have that
learning has occurred (Sprenger, 1999). Retrieval triggers memories by activating enough of the
right neurons which are dormant. Each type of learning or memory has its own type of
triggering system (Jensen, 2000). In order for information to be retained, rehearsal must occur
(Caine and Caine, 1991, Sousa, 2006 and Sprenger, 2007). Rehearsal is the repetition and
processing of information. (Practice is repetition of motor skills.) The critical components of
rehearsal are the amount of time spent and whether the type of rehearsal is rote or elaborative
(Souse, 2006).

During initial rehearsal, time must be spent on attaching meaning and making sense of
the information. Time must be given for additional processing or the new information will be
lost. Secondary rehearsal occurs in the frontal lobes. The material is reviewed, sense is made of
it, there is elaboration of details, and values and relevance are assigned. When secondary
rehearsal is done at the end of learning, the process is called closure. Rehearsal occurs at
different rates of speed and in different ways depending on the type of information and the
student’s learning style. Different tasks can also shift the pattern of rehearsal (Souse, 2006).

Rote rehearsal is memorizing which is linear in nature (Caine and Caine, 1991). The

information is stored exactly as it is entered into the working memory. Examples would be
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memorizing a poem or telephone number. Elaborative rehearsal requires attaching the new
learning to prior knowledge and finding a relationship between them. The information is
reprocessed several times so that connections can be made and meaning can be assigned. This
produces understanding that rote rehearsal does not provide (Souse, 2006).

Retention also depends on when the information is included in the learning cycle.
According to the primacy-recency effect, we remember best that which comes first (prime time
1), and second best that which is last (prime time 2). We don’t remember the information in the
middle as well (Sousa, 2006). This is also called the BEM Principle. The beginning is most
memorable. The end is second most memorable and the middle is remembered last (Jensen,
2000). During prime time 1, which is about 20 minutes long, working memory is filled to
capacity. Any excess information is lost. This time is called down time and lasts about 15
minutes. As learning continues the working memory sorts and chunks the important information
and clears out the unimportant information making room for the information in prime time 2,
which lasts about 15 minutes. It is important then, that information stated during prime time 1 is
stated correctly. Student answers which may be incorrect could actually be stored in the
memory.

It would be better to do practice or review activities during down time. Closure activities
during prime time 2 help to determine sense and meaning (Souse, 2006).

Retention also varies with the length of the teaching episode. As the time for the lesson
increases, the amount of down time also increases because the working memory cannot sort and
chunk fast enough to keep up. Teaching methods also influence retention. The learning pyramid
from the 1960’s (seen in Figure 2.2) indicates that the amount of retention after 24 hours (Souse,
2006). In the verbal processing skills, lecture retains 5% and reading retains 10%. In the verbal
and visual processing skills, audiovisual retains 20%, demonstration retains 30%, and group
discussion increases retention to 50%. In the doing section of the pyramid, practice by doing

retains 75% and teaching others or immediate use of learning retains 90%.
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Figure 2.2 1960's Learning Pyramid (Sousa, 2006)

Verbal Lecture 5%
Processing Reading 10%
Audiovisual 20%
Verbal and Demonstration 30%
Visual Processing Discussion Group 50%
Practice by Doing 75%
Doing Teach Other/Immediate use of Learning 90%

If a concept is taught several ways (do it, hear it, see it, write it), it will be easier to recall.
It often takes six exposures before new information enters long-term memory, so it is better to
combine multi-sensory with multi-modal approaches to reach a learner’s learning preference or
cognitive learning style (Wesson, 2002b). Successful teachers know that there is not a “best”
teaching method. They use a variety of methods during a lesson choosing the one that works for
the content being taught and the students’ needs. Most importantly, student must be actively
engaged in whatever method is being used (Sousa, 2006). The ability to remember is influenced
by the manner in which the information was encoded. A learner will remember more easily if
retrieving the information uses the same techniques as was used to encode it or if it has an
emotional connection. Ineffective initial encoding can cause poor memories. For example,
when given the task of choosing the one correct picture of a penny from a group of ten pictures,
most people choose incorrectly. They do not have a personal connection. However, coin
collectors, who have a personal connection, usually choose correctly (Wesson, 2002b). Once
retained in the brain, a memory must be retrievable. Retrieval, which comes from long-term
memory, activates separate neural systems of the brain. The interests and past experiences of the
learner influence the types of cerebral network that contains the memory.

Retrieval has two methods. In recognition, the information is matched with memories
that are stored. In recall, events are sent to long-term memory which searches, retrieves or
encodes the memories to the working memory (Sousa, 2006). Memories are distributed though
the cortex. Sound is in the auditory cortex. The temporal lobe contains names, nouns and
pronouns. Emotional events and implicit memories are in the amygdala. The cerebellum holds
associative memories and motor skills. Explicit memories and special memories are in the

hippocampus. The brain must reconstruct the various elements of an event (Jensen, 2000).
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Since the memory must be reconstructed, the adequacy of the cues affects the retrieval
process. Retrieval is easier if the context of the memory is similar to the context of the learning.
The rate of retrieval is linked to the storage method used by the learner. This is a learned skill,
which is completely independent of the rate of learning (Sousa, 2006). To retrieve a memory, it
must be brought back to the corresponding area of the cortex (Sprenger, 1999). Memory retrieval
is aided by the introduction of multiple methods of learning or multiple memory lanes.
Important events will trigger more than one memory lane. Retrieving the information will be
easier if one of the memory lanes is activated. For example, returning to a particular location
will activate episodic memories. Recalling an emotional event can open all the other memory
lanes. This translates to the use of emotion in classroom learning. If a memory fails, a
systematic examination of each memory lane may help to retrieve the information (Sprenger,

1999).

Transfer

The most effective learning occurs when a student is able to take new information and
adapt it for new problems and settings. The ability to use learned information in a new situation
is called transfer. Transfer is a process that occurs during learning. Past learning affects the way
new information is processed and acquired. Transfer of learning also occurs when new
information is applied in future situations. If we must learn to function in society, then what we
learn must be transferred to home, community and workplace. An assumption that has been
made about transfer is that people should be educated and not simply trained (Bradsford et al.,
2000).

The more information students can transfer from school to the context of daily life, the
better they will be at communicating. They will be informed citizens who are critical thinkers
and problem-solvers. (Sousa, 2006) “Transfer is the core of problem-solving, creative thinking
and all other higher mental processes, inventions, and artistic products.” (Sousa, 2006, pg. 135)

Transfer is influenced by several factors. The first factor is initial learning or the degree
of mastery of original context. The learner must understand — not just memorize- the
information. This takes time which is roughly proportional to the amount of material being
learned. Providing time includes the time needed to process the information. Covering too much

information too quickly will reduce transfer because the facts will be isolated rather than
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organized and there is not enough information to make the organizing principles meaningful.
The time provided for learning should include deliberate practice combined with monitoring of
the learning experience (Bradsford et al., 2000).

The second factor that affects transfer is context. Information may be learned in one
context but not another. Transfer across contexts is more difficult when a topic is taught in a
single context rather than multiple contexts (Bradsford et al., 2000). Transfer is better with
thematic units and integrated curriculum. The more connections the learner can make