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Cognition and Instruction:
Enriching the Laboratory
School Experience
of Children,
Teachers, Parents,
and Undergraduates

Sharon M. Carver
Carnegie Mellon University

The primary focus of this symposium volume is advances in the under-
standing of teaching and learning that have developed because of the
increasingly reciprocal relationships between psychology and education,
between research and practice, and between laboratory and classroom
learning contexts. The beneficial synergy between theory, research, and
practice has been exemplified in each chapter by fruitfui researchers who
have contributed significantly to our understanding of cognition and
instruction.

The purpose of this chapter is to describe the ways that such research
can 1mpact an entire school when the Director of the school, trained as a
cognitive psychologist, assumes the responsibility for fostering the devel-
opment of every child in the school, in every domain, every day of the
school year, across, in this case, a 3-year period of preschool and kinder-
garten. With that as a foundation, I also highlight the ways that the same
cognitively based approach has been applied across all aspects of the
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school’s mussion,’ including the professional development of teachers, the
interactions with parents of the children in the school, and the undergrad-
uate academic opportunities. Despite the daunting size and incredibie
complexity of this task, I consistently conclude that the educational expe-
rience of each constituent s enriched by the contributions of this field. By
sharing these laboratory school experiences, I hope to encourage the con-
tinued progress of cognition and instruction research, such as that repre-
sented by the other chapters in this voiume, and to suggest areas for future
expansion of the field in theory, research, and practical impact.

THE CENTRAL PROCESS:
EXPLICIT GOALS DRIVING INSTRUCTION
AND ASSESSMENT DESIGN

My thinking about the link between cognition and instruction was heavily
influenced by one point that Jim Greeno (1976) raised at the original
Cognition and Instruction symposium in 1974; that is, his notton of using
cognitive objectives as opposed to the traditional behavioral ones. He sug-
gested that

... the explicit statement of instructional objectives based on psychological
theory should have beneficial effects both in design of instruction and
assessment of student achievement. The reason in simpie: we can generally
do a better job of accomplisiung something and determining how well
we've accomplished it when we have a better understanding of what it is we
are trying to accomplish. (p. 123)

For the past 17 years, [ have used the three-fold process suggested by
this quote to direct my own research, as well as my consulting on others’
educational and research designs (see Table 12.1}. I begin with a formal
domain analys:s specifying the declarative, procedural, and metacognitive
knowledge that a learner at a given developmental level and with a typical

"The Children’s School is the laboratory school for Carncegie Mellon’s Psychology Department.
bs gouts and responsibilities include (1) development and management of [sborstones for research in
developmestal psychology, (2} tramng of undergraduate aad graduate stadents in child development
theory and research, {3} implementatron of 2 model half-day preschool and full-day kindergasten pro-
gram for children ages 3-6, {4) provision of resources 1o parenis, {5} provision of resources (o the
commumiy of earty childhood educators, and (6) training of students earning teaching certificates fin
collebaration with other local colleges and vmiversiiies).

TABLE i2.1
GOALS — PROGRAM — ASSESSMENT Approach

Goals: Petailed Task Analysis
Considering Developmental Level
Considering Knowiedge Base
Considering Available Time

Program: Explicnt Focus on Target
Consistent with Cognitive Principles

Assessment: Cognitive Assessments of Process
Covenng the Full Target

knowledge base could reasonably be expected to acquire in the designated
period of time. I then design nstructional interventions to explicitly target
the identified goals in ways that are consistent with well-established cog-
nitive principles and develop cognitive assessments of learning that cover
the full range of the targeted skills. The arrows in the title of Table 12.1
connaote the essential alignment of the goals, program, and assessment
rather than mdicating 2 rigid sequence of design. In practice, the consid-
eration of possible assessments helps sharpen the goal specifications and
narrow the program options, and program constraints impact both goals
and assessment.

My first attempt to apply this approach began with a limited but
tractable set of debugging skills (Carver & Kiahr, 1986; Klahr & Carver,
1988), one of the powerful tdeas that many educators believed elementary
school children would discover via experience with well-designed pro-
gramming languages, First, | specified a model of basic LOGO debugging
skills, including key knowledge and strategies necessary for identifying
the likely type and location of a bug before beginning to search the pro-
gram code. I found that students with extensive but unstructured LOGO
experience did not build a useful knowledge base of bug types or discover
these effective debugging skills. I then developed a 30-minute lesson to
teach the search narrowing skills explicitly and found that elementary stu-
dents were able to utilize the strategies with minimal teacher support. In
several studies, I then demonstrated that students applied the target debug-
ging skills on program debugging tasks, transferred them to noncomputer
debugging tasks (specifically, finding the mistake 1n a written set of direc-
tions), and maintmned their new level of performance after a semester’s
delay {Carver, 1988). In other words, short-term explicit instruction can
promote significant fearming, transfer, and retention, at least for this
well-defined domain i a small class context, with me as the teacher, using
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assessments that are carefully designed to have goal structures isomorphic
to the 1nstruction.

In an attempt to work more closely with teachers on a topic of broader
educational significance in a more realistic school setting, 1 studied the
“research and communication skills” necessary for urban students doing
typical middle school reports. In a 4-year series of studies that involved
major redesign of middle school curriculum,? my students and I found that
by identifying the goal structure and key strategies involved 1n the
process, we were able to design explicit 1nstruction that was successful in
promoting middle school students’ use of the targeted process (Carver,
1993, in press). For example, n one study that I did with Myunghee Kang
(Carver, n press; Carver & Kang, 1999), we focused on the process of
orgamizing notes mmto a coherent structure that could be represented n
HyperCard. Kang developed mstruction that focused the students on
mtentionally completing each step in the organization process and evalu-
ating their own and other students’ stacks for their organizational quality.
Using a split-class design, she showed that the half of each class that got
the focused instruction based on her model improved more from pretest to
posttest than did the other half of the students on three different assess-
ments, an interview conducted during their own process of orgamizing
material for a class project, an analysis of the organizational quality of the
stack they produced, and a written test with questions about how they
conduct research projects. Once again, the key finding was that an explicit
link between goals, program design, and assessment provides a powerful
means of enhancing learning. However, we found that it was much more
difficult and complicated to use this approach n a real school context, for
an extended period of time, while targeting a broader set of skills. Also,
although the collaborative approach between researchers and teachers
proved useful in many ways, the project was plagued with high teacher
mobility rates and an inconsistent commitment of the public school sys-
tem. This situation caused frequent frustrations, ones that are commonly
experienced by many of the researchers who contributed to this volume.

Thus, when presented with the opportunity to gain more contro! of the
admimstrative aspects of my schoot site by becoming a Director, | decided
to shift career tracks to head a psychology department laboratory school.
The challenge 1s, of course, that now I am responsible for the education of

MThis rescarch was supposted by grants from the James 8. McDennell Foundation's Cognitive
Studies in Educational Practice Program, by Appie Computer, Ine.'s Crossroads Program, and by a
subeoatract from the Center for Techaology i Education.
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children, teachers, parents, and undergraduates, not to mention the public
relations, facilities, and other school issues that are beyond the scope of
this chapter. The relevant question for this volume is: To what extent can
I use principles derived from cognitive theories and research, together
with experience from educational practice, to set appropriate goals for
development, to design an instructional program that will encourage
growth, and to assess each individual’s progress? Table 12.2 shows how I
summarize the approach in teacher and/or administrator training contexts.

Integrating cognition and instruction across an entire school required
me to simplify the approach that I had used in my earlier research. i
needed to find a practically useful level of application for the cognitive
principles and research strategies that shaped my work on debugging and
on research and communication. Jim Minstrell’s description of continu-
ally switching hats from teacher to researcher while adapting his goals,
instructional approaches, and even assessments “online” (chap. 4) paral-
lels my situation. As with most new problem-solving contexts, [ mitially
applied “weak methods,” general heunstics based on well-established
cognitive principles, and then developed stronger, more context-specific
methods via experience and refinement cycles. We have been the most
thorough and made the most progress in using clear goals to design the
children’s program and assessments, so I present that first. Then, I briefly
discuss the ways that the same approach applies to the teachers, parents,
and undergraduates, even though we have spent less formal development
time on those aspects.

TABLE 12.2
The G - P -+ A Approach as Presented in Traimng

Children’s School
Goals — Program — Assessment {GPA) Approach

= Specily devclopmentuliy appropniate learning objectives (GOALS)
re: the Whoele Child and the specific populstion served.

= Use the goals as a systemitic framework for focusing PROGRAM and ASSESSMENT design.

Struciure the Early Childhood Program to Foster Development

* Teaching Strategies

* Classroom Routines & Transitions

» Curmculum Content with Developmentally Approprate Activities
* Learning Environment

Focus Assessment on the Goals
* Teacher Observations

+ Teacher Documentation

« Parent Conferences
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GOAL-DRIVEN DESIGNS
FOR YOUNG CHILDREN

Specifying Goals

Given the wide range of social, cognitive, and physical development goals
for young children, doing a full task analysis of each subgoal was not
practical. We used the strategy of starting with a global level analysis and
then made continual refinements to get more specific, particularly for
areas that required more program input for their development. My teach-
ers and I started with specifying and prioritizing the general areas of
development for which we would set goals (see Table 12.3). At an early
childhood level, fostering “Self-Esteem and Independence” and
“Interaction and Cooperation” shouid get top priority because students
entering elementary school without those skills have the greatest difficulty
succeeding. The more traditionally cognitive domains of development
were also strongly emphasized. We used the terms “Communication” and
“Discovery and Exploration” to focus explicitly on the cognitive founda-
tions for academics rather than on subject areas, like language arts, sci-
ence, and math. “Physical Capabilities” was mciuded but with a low
priority because both small and large motor development progresses with-
out much intervention, assuming that the child has ample opportunity for
productive movement. Finally, “Creativity” was added because we wanted

ABLE 12.3
Learning Goals Underlying Program and Assessment

Children’s School
Basic Learning Goals

t.  Seif-Esteem & Independence—encouraamg each child's pride i individual charactenistics,

families, expenences, aad accompiishments and each child’s responsibility for personal care,

uctsons, and words,

Interaction & Cooeperation—promoting children’s social skills for diverse adult and peer

relations, including listening, wra taking, following directions, rules and routines, group par

tickprittion, care for shared matenals, and conflict resolution.

3. Communication—{icilitateng comprehension and expression skifls beginneng with oral and
progressing to writien language,

4. Discovery & Exploration—fostening 2 positive attitude toward fearning through gaestion-
ing, observing, and expenimenting with varied materials related te diverse tiemes,

5. Physical Capabilities—giving children opportunities 1o use therr growing bodics to develop
small and large motor skilis and coordination.

6. Creativity—cultivating cach child's ability 10 express ideas and emotons through art,
music, movement. ind drama.

3
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to promote children’s ability to express themselves and therr ideas in a
variety of ways.

Specifying categories such as these 1s important for establishing a con-
sistent framework for the school (including the education of teachers, par-
ents, and undergraduates), but this level of description is not otherwise
useful for instruction and assessment design. Our staff works from goal
specifications that we developed at one level deeper than those 1n Table
12.3 and that indicate the anticipated progression from age 3 to 5. We
developed these more detailed specifications by collecting educational
goal statements for preschoolers from around the couniry and then using
the teachers’ experience and my knowledge of developmental research to
refine them. Typically, the developmental literature led to added breadth
and depth in the cognitive areas, and 1t also helped ensure that we were
following natural developmental sequences, like those that Kalchman,
Moss, and Case described for mathematics (chap. 1)

To exemplify the level of task analysis we used, Appendix A includes
the full outline and parts of our specification for the domans of
Communication and of Discovery and Exptoration.? For the Communica-
tion domain, we focus on speaking, literature/reading, and writing, each
of which 1s divided 1nto subcategories. For the Discovery and Exploration
domain, we focus on foundations for scientific and mathematical thinking.
Each domamn includes goais for generalizable attitudes, concepts, and
skilis. Bob Siegler raised the question of how to inculcate the “habit of
mind” to pursue meaning (chap. 6). At the Children’s School, we make
“approaches to learning” an explicit goal for young children and then
destgn program routines, teaching strategies, and curriculum activities to
foster such development. At this level of education, we are not particularly
concerned with children developing a specific, well-defined body of con-
ceptual knowiedge from social studies or science, but we do vary our units
to expose children to a range of topics for study. For each thematic umit,
we identify the basic concepts related to the topic, mtroduce them in a
variety of ways, and reinforce them via diverse activities. Because the
units vary from year to year and the conceptual content for each 1s exten-
sive, only key concepts that are relevant in many units are listed as gen-
eral goals. For example, the goals for Discovery and Expioration include
basic number, space, and measurement concepts (see the outline mn
Appendix A). Our goal specification does, however, include an extensive

3The full specification for all six domaing Hsied in Table 12.3 is available by contactng Dr, Shuron
M. Carver at the Children’'s School, Carnegie Mellon University, Pittsburgh, PA 153213,
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list of skills because most of the skills that we emphasize in all six
domains are applicable across topics of study. Taken together, the general
approaches to learning, basic concepts, and widely applicable skills that
we have specified represent our understanding of the early childhood
development that our program 1§ designed to support and foster.

Designing a Model Program

Having clear goals for the children’s development guides our program
design and refinement efforts, but where does cognitive theory and
research fit? A Piagetian might stress the importance of creating an envi-
ronment i which preoperational children can engage tn active learning,
continually assimilating new experiences and accommodating schemata
until they eventually reorganize their cognitive structures to reach a new
level of concrete reasoning (Miller, 1993). A Vygotskian would place
more emphasis on the social interactions involved in the learning process
by focusing on ways an adult or more skilled peer could provide scaf-
folding so that the child 1s able to practice and eventually master tasks at
the higher end of her zone of proximal development (Miller, 1993).
Teachers are, 1n fact, drawn to these approaches because they are highly
general “rules of thumb” that can be used to label, describe, or justify
many of the strategies that excellent teachers use naturally.

Applying the more detailed principles from the field of Cognition and
Instruction offers a clearer vocabuiary for discussing the predicted effects
of particular program features, a level of description one level deeper than
the approaches I just mentioned {e.g., Klahr, Chen, & Toth distinguish
between domain-general and domain-specific knowledge, chap. 3), and a
more systematic focus on the process of change. Together, these benefits
enable us to move beyond the artificial constraints imposed by stage
boundaries to consider the specific conditions under which particular chil-
dren progress toward each goal most effectively. They also specify a wide
variety of scaffolding strategies so teachers can purposefully choose
among them in different contexts. As Palincsar and Magnusson suggested
in chapter 5, researchers need to focus on a smaller grain size in their
analyses of teaching and learming to specify why certain approaches, like
their use of the scientist’s notebook to model scientific inquiry processes,
have particuiar effects.

Lists of such “key principles” are widely available, typically in texts
with titles such as Cognitive Psychology for Teachers (Glover, Ronning,
& Bruning, 1990) or Cogmitive Classroom Learning (Phye & Andre,

ftl

1986), and each researcher in the field, at least implicitly, has a favorite

o set. In this chapter, 1 describe the top five metaprinciples that we use to
- shape our early childhood program. Each of these 15 typically part of
~ expert teachers’ repertoire of strategies, but I have found that making them

explicit during design discussions increases the likelihood that they are

.f consistently and effectively taught and applied.

Mefaprinciple 1: Build on Prior Knowledge., An extensive
body of literature from cognitive and developmental psychology indicates

- the importance of activating prior knowledge in order to get effective stor-

age and, ultimately, retrieval of new knowledge (Anderson, 1983), as well

. as the impact of a learner’s correct and incorrect models of a domain
-~ (Siegler, 1998). In addition, learners typically demonstrate the most

advanced processing in familiar contexts and show the greatest attention
span and memory in situations for which they have developed a high level
of automaticity of their procedures (Chi, 1981).

At the Children’s School, we begin our mstructional design process
with an understanding of the foundations with which ndividuals enter our
learning context. Based on both the developmental research literature and
practical teaching experience, we expect a typical range of information-
processing capacity, knowledge, strategies, and metacogmtive skill in
social, cognitive, and physical development based on the children’s ages
and background. With this in mind, we formulate what we believe to be
developmentally appropriate daily schedules, classroom routines, and
physical arrangements of the learning environment for each group of stu-
dents. To offer a simple example, the size and spacing of the furmiture in
the classrooms changes in accordance with the children’s physical stature
and with the increasing control of their bodies. Similarly, the classroom
routines become more elaborate and rely more heavily on the children tak-
ing responsibility as their level of independence for seif-care and cogni-
tive capacity for following multistep procedures improves,

The Children’s School curriculum is designed to build on children’s
prior knowledge and to foster growth toward mastery of the goals we have
specified. We develop thematic units that invite children to explore specific
topics in depth while challenging them 1n each of the six domains. Our
teachers explicitly take prior knowledge into account in planning the units
by specifying the topic-related concepts that they anticipate the group
already possesses (including possible “preconceptions,” as Minstrell calls
them in chap. 4) and then 1dentifying key concepts that they intend to
help the children develop. When designing a umnit, the teachers use their
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knowledge of the umit’s timing within the year and sequence relative to
other units to specify which aspects of each goal domain should be empha-
sized. They list theme-related activities designed to foster development
within each domain. Appendix B includes excerpts from the study
of “Ponds” that was in progress at the Children's School during the
Symposium,

Evidence for the centrality of this prior knowledge principle exists
within this very volume, in the frequency with which it drove the
researchers’ task analyses and intervention designs. The application of
Metaprinciple #1 was clearly evident in the developmental sequence of
layers in the conceptual structure for number, the explicit links between
instruction and the students’ existing knowledge of percents, and the
“walk-a-thon” problems (Kalchman, Moss, & Case, chap. 1). Palincsar
and Magnusson’s explicit links between second-hand mvestigations and
the students’ own experiments (chap. 5), rather than the commonly used
reverse order, exemplifies instructional design based on maximizing prior
knowledge effects. Minstrell’s specification of knowledge “facets” and
choce of instructional prompts based on a diagnosis of a student’s current
set of facets (chap. 4) is also a direct application of Metaprinciple #1.
Similarly, Lehrer, Schauble, Strom and Pligge’s instruction built carefully
on students’ “intuitive theories,” and new concepts were “anchored” in
concepts built during the prior year’s instruction (chap. 2). At a more
philosophical level, their whole project stemmed from a claim about the
importance of prior knowledge, that is, that mathematizing ideas creates a
firm foundation for understanding science.

Mertaprinciple 2: Make Thinking Explicit. Research in cog-
nitive psychology has documented the value of explicit communication
for explaining properties of the task (Carver & Klahr, 1986), directing
learners’ attention to key features, which in turn aids encoding, clarifying
declarative, procedural, and, especially, metacognitive components of the
learning task (Siegler, 1998), highlighting distinctions between similar
concepts and procedures (Anderson, 1983), and providing effective feed-
back (Anderson, Corbett, Koedinger, & Pelletier, 1995), Developing spe-
cific prompts for the key steps in a cogmitive activity, whether they are
verbally given by a teacher, embedded in a visual model (Carver, 1995),
or supported by an intelligent tutor {Anderson et al., 1995), both
strengthen and fine tune the thinking process.

Klahr, Chen. and Toth’s primary manipulation (chap. 3) directly tested
this explicitness principle and showed that combining clear probes with
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‘training yielded the best performance. Other researchers’ work demon-
“strated the important point that explicitness does not necessarily imply
“direct “telling.” Lehrer, Schauble, Strom, and Pligge used “inscr_iptions”
_to.make thinking explicit (chap. 2); Palincsar amd Magnusson invented
the “scientist’s notebook™ (chap. 5); and Minstrell fashioned a set of
-:éueries posed by the “Diagnoser” in response to student answers that
“reveal “preconceptions” (chap. 4).

.~ At the Children’s School, having thematic units developed with specific
“focus on the key concepts and developmental goals is an 1mportant first
“step in making thinking explicit {Appendix B). The teachers, themselves,
“are clearer about what they are trying to teach and they are more likely to
' stress key concepts and balance their emphasis on all six domains of c%evel-
.opment. In addition, the teachers use many verbal and gestural strategies to
direct the children’s attention to the central elements of a concept or task.
. In one recent book reading session on the solar system, a preschool teacher
- used (a) increased volume and enunciation, (b) verbal repetition, {c) repre-
- sentational gesture with one finger, and even (d) full-body enactment to
~ highlight the difference between rotation of the earth and revolution around
- the sun. As the children ask questions and offer examples during discus-
*- sions, the teachers explicitly shape their understanding via direct instruc-
© tion, posing questions, and encouraging comparison and contrast.

One striking example that integrates both of the first two metaprinciples
is our approach to fostering conflict resclution 1n young children. Enit_ialiy,
the teacher intervenes in the process to explicitly model strategies for iden-
tifying the problem from both children’s point of view, proposing solu-
tions, agreetng on one, and then implementing 1t. As the children become
familiar with the process, the teacher becomes a coach who prompts them
for each step of the process as necessary, until the children become com-
fortable doing it independently. Recently, in the context of working with
our youngest and least skilled children on conflict resolution, we began/to
discuss the cognitive capacity constraints on the process. We found that the
demands of formulating sentences in an emotionally charged context were
too high for the youngest children, so we began offering sentence tem-
plates and using gestures instead. Similar approaches have beern utilized
effectively at the Child Development Center at U.C. Davis (Linda
Acredolo, personal communication, 11/5/98), and the potential for ges-
tural evidence of cognitive states preceding verbal evidence has been doc-
umented 1n the laboratory (Alibali & Goldin-Meadow, 1993).

Analyzing two individual cases i which children had extreme diffi-
culty with conflict resolution revealed contrasting starting points for
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intervention and differential focus for explicitness. In one case, the child
entered the program viewing verbal and physical aggression as a game of
conirol, so the teachers supplemented the modeling described earlier with
explicit prompiing to consider other children’s perspectives and to notice
the positive outcomes of nonaggressive interactions. Another child with
similar aggressive tendencies had proprioceptive difficulties monitoring
and controlling his own body, which then required us to focus our explicit
discussion and modeling on the physical aspects of conflict resolution,
such as increasing the amount of space between the children in conflict
and the amount of physical support the teacher used.

Metaprinciple 3: Emphasize Links. In Siegler’s discussion
of the first five chapters in this volume (chap. 6), he extracted this
metaprinciple as a common thread, phrased as “the meaning is in the
links.” Minstrell’s example of comparing and contrasting the forces act-
ing on varied supports for a book (chap. 4), Kalchman, Moss, and Case’s
development of manipulatives to embody mathematics concepts {(chap.
1), and Lehrer, Schaubie, Strom, and Pligge’s multiple representations for
ratios (chap. 2} all exemplify instructional designs based on extensive
research documenting the advantages of cognitive organization and elab-
orative processing (Siegler, 1998). Using advanced organizers, providing
muitiple representations of concepts, generating examples and explana-
tions, and otherwise elaboratively processing information contribute to
the development of better integrated and more complex knowledge struc-
tures (Glover, Ronning, & Bruning, 1990). These connections, in turn,
mmprove retrieval, help fill gaps in recall, and generally improve one’s
comprehension.

During individual lessons within a unit, our teachers use a variety of
strategies for encouraging the development of a well-integrated knowl-
edge base. They routinely combine visuai and verbal representations,
invite students to share their experiences related to a given lesson, and
intentionally ask children to recall aspects of prior related lessons. To rep-
resent specific connections, they often draw concept webs for a given
topic during their discussions with the children in their group. Typically,
the web 1s started as a means of activating prior knowledge during the
mtroduction of a topic, and then ideas are added during subsequent ses-
sions in which nonfiction books are read, artifacts are explored, experi-
ments conducted, and so forth. Even for nonreaders, this webbing strategy
explicitly emphasizes the relationship between concepts and encourages
the children to begin intentionally connecting ideas.
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Emphasizing one theme for an extended time period, such as the 2 to 3

. weeks of our units, allows the children to explore multiple aspects of a
' concept. For example, we began the “Ponds” unit by studying the water,
progressed to exploring the plant life in and arou_nd the water, and then
‘ continued with the animai life. The children made repeated_mps to the
- pond near campus, each time reinforcing and extending their concepts,

making connections between what they discussed at school and what they
experienced at the pond. _ _ _

Although our teachers continually refine their use of stra'_tega_es such as
webbing and extended thematic units, studying their speqﬁc m?paci. on
children’s developing concepts 1s an untapped research area in early child-
hood development. As we explore the effectiveness of modifications such
as adding graphic images to webs, we are also planning_ to dgveipp
research procedures that can be used within our program while maintain-
ing experimental control.

Metaprinciple «: Provide Practice Opportuniftics. '_I‘he
necessity of repetition in varied contexts for the development of profimes_it
and efficient skills has been well documented (Anderson, 1983). ‘B&S_IC
findings of frequency and distributed practice effects are §gsily app_hed in
educational contexts. We discuss the importance of practicing routines to
develop strong scripts, and repetition of existing skill_s to develop thg auto-
maticity that frees capacity for more advanced tasks or co_mbmatrion of
skills. We balance that with the importance of providing a wide variety of
contexts for knowledge and skill application to heighten the disti‘nctweness
of both concepts and strategies, as well as improve theig'ex_)erahty of their
application {Glover, Ronning, & Bruning, }99Q). In addition to _the stan-
dard cognitive literature, specific recommendations for sequencing prac-
tice opportunities are discussed in the cognitive z_apprentlceship literature
(Coilins, Brown, & Newman, 1989; Collins, Hawkins, & Carver, 1991).

The consistent repetition of the Children’s School daily and wee}gly
routines, as well as the consistent expectations for behavior, increases the
strength of their memory and ease of retrievability, which, jn turn, sets Fhe
stage for the children’s comfort with and independence in our }egning
environment. Offering opportumties for repeated practice of foux_zdatlonai
skills encourages children to work toward mastery, which also increases
self-esteem. Kalchman, Moss, and Case’s high ratio of problemsrper rep-
resentation (chap. 1) focuses on the repetition aspect of the p::act}ce pri:n—
ciple and aiso emphasizes the ways that cognitive gains underlie social
and motivational improvements.
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Within a thematic umt, children have varied opportunities to acquire,
strengthen, and refine their concepts via experimentation, stories, dra-
matic play, art, games, computer activities, and so forth. We also attempt
to develop a conceptual progression across units that reinforces and
extends children’s concepts. For example, we recently planned a sequence
for the fall that involves studying ourselves and our families, where we
live (country and city, buildings, transportation, and community helpers),
what we eat (food, farms, grocery stores, and restaurants), and what we
wear (clothing, shoes, hats, work clothes, dress clothes). In the winter, we
will then study China, comparing and contrasting all of the same aspects.
In addition to supporting conceptual development, our thematic units
actually serve as varied contexts for growth in each of the six domains.
Within each unit, we purposely provide activities that foster increasingly
diverse and complex uses of the skills in each of our six developmental
domains. This distributed practice in varied and increasingly challenging
contexts promotes skill acquisition that is impressively generalizable,
Similar applications of Metaprinciple #4 are clearly evident in Palincsar
and Magnusson’s “cycles of inquiry” (chap. 5), Minstrell’s combination of
work with the Diagnoser, labs, and class discussions (chap. 4), and Reiser,
Tabak, Sandoval, Smith, Steinmuller, and Leone’s integrated design for
technology-infused curricula (chap. 9).

Metaprinciple 5: Expect Individual Variability, Often
times, cognitive and developmental psychologists focus on establishing
characternistics of cognmitive processing, developmental progressions, and
the effects of expenience at a group level. As I have already discussed,
these findings are clearly useful for establishing reasonable developmen-
tal goals and metaprinciples of design for educational contexts. At the
same time, researchers who analyze their data at an individual level, such
as Klahr, Chen, and Toth’s analysis of different learning patterns for indi-
vidual students (chap. 3), often discover dramatic contrasts in the learning
process. Similarly, at the classroom level, the impact of individual vari-
ability 15 often a significant factor, and our success in responding to the
full range typically determines our overall effectiveness.

In our preschool, we divide our preschool children into groups with
only a 6-month range of ages, which limits the developmental range more
than most schools and allows our teachers to focus their lessons on a nar-
rower range. Nonetheless, we find a wide variability in developmental lev-
els that 1s exaggerated by divergent background experiences, even for our
young 3-year-olds, and by individual differences such as those Gardner
(1993) might characterize as intelligence profiles, or others might describe
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k as “learning styles” {Tobias, 1994). In addition, individual varability in

home situations and the presence of developmental disabilities, however

- subtle, need to be included 1n the nstructional planning process. For that
! reason, we also incorporate periods of time when children interact across
. groups, both indoors and outdoors. In these contexts, children are more

- able to interact with children of similar mnterests and abilities, independent
. of age grouping.

This principle highlights one limitation of applying the theories, meth-

-~ ods, and findings of research in the field of cognition and instruction, and
- often makes me wish | had degrees in medicine, counseling, and special

~ education. The key is that we need to focus on the integration of social,
- cognitive, and physical domains within one child and realize that what
© happens during the 18 to 20 hours per day the child spends outside of
.. school impacts what happens in school. We need to evaluate the individ-
“- ual combination of developmental, experiential, and potential ability and

disability factors that impact a child’s progress so that we can plan indi-
vidualized strategies for fostering development.

For example, many kindergartners start the year with poorly developed
fine motor skills, partly because of developmental constraints and partly
because of the types of experience available in the previous years both 1n
and out of school. Typically, such skill limitations cause no problem
because physical maturation in the 5th and 6th years and the fine motor
activities in our kindergarten program together yield impressive progress
for aimost all children. One child, however, did not progress like the oth-
ers, despite strong cognitive skills. The fact that he could not dress himself,
open his lunchbox, and ride a tricycle started impacting his self-confidence
and his social interactions. Increasing frustrations in both social and phys-
ical domains yielded further 1solation and emotional breakdowns, which
eventually started impacting the cognitive progress as well. Obviously,
inadequacies n any of these domains have mutual influence in a negative
direction here. Thus, we began to explore factors beyond maturation and
experience as the primary cause of the problem. To make a long story
short, we relied on counseling skills in working with the parents to encour-
age developmental screening and neurological diagnostics, then consulted
with medical personnel to eventually reach a diagnosis of dyspraxia (poor
motor planning), and finally integrated some basic special education
strategies to identify ways to use the child’s cognitive strengths to explic-
itly coach himself in motor planning.

Discovering and dealing with such individual variability essentially
means that we must utilize a case study approach to determine the key
goals for emphasis and effective mstructional strategies relative to each
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child’s specific foundations. That requires an acceptance of nonstandard
instruction. Although designing the instructional program n advance is
important, as described earlier, our success with whole, individual chil-
dren depends largely on the teacher’s ability to adapt her program to each
individual student based on her concurrent assessment of the child’s
understanding, progress, attitude, and so forth. In addition, unlike a
research project that targets one specific set of skills per instructional pro-
gram, 11 a real classroom, multiple goals are simultaneously being tar-
geted. In many cases, a teacher will use one activity to strengthen different
skills in individual children. For example, a teacher might play the famil-
iar game of Chutes & Ladders with three preschoolers, emphasizing the
number patterns with Nina, who already taught herself to read in both
English and Russian, focusing on politely taking turns and encouraging
each other with Mary, who was diagnosed with autism, and physically
directing Justin’s hand to move appropriately from square to square to
help refine his proprioceptive control of motor direction and force,

Assessing Progress

The online adaptation that characterizes our instructional approach 1s, in a
sense, our primary method of assessment. Ag such, it mnvolves the same
cognitive principles of (1) identifying a child’s prior knowledge, (2) fol-
lowing her thought processes as she communicates them via actions and
words, (3) noting the connections she makes between ideas, (4) tracking
her applications and Improvements in various contexts of practice, and
(5) consciously recording individual factors of maturation, environment,
and abilities or disabilities.

We use our six domaing of development to structure our assessment
process. The product is a conference form that summarizes a child’s
progress in each area via a brief checklist and a paragraph of explanation
(see Appendix C for examples related to Communication and Discovery
& Exploration). The teacher talks with the child’s parents about each
aspect of development to provide additional explanation, detail, and often
strategles for improvement. Having consistent categories and types of
items within them helped us to get diverse teachers to talk about the same
aspects of development with parents across the 3 years of our program.

The teachers deveiop these summaries based on longitudinal observa-
tion of the child in the natural school context. They record anecdotes
about the child’s interaction with others, response to activities, and so
forth. They save products of the children’s exploration where possible or

. , -
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Given that my goal is to strengthen and better integrate each part of the
triangle, what “program” can I provide for teachers and how can 1 assess
their progress? As a director, I work with the teachers through the formal
professional development opportunities that I offer, the informal consult-
ing on program, students, and so forth that 1 provide, and the collaborative
work I do with teachers when we become the teachers of teachers, parents,
and undergraduates. Progress 1s most directly evident in the teachers’ dia-
logue with me and each other and in their written work, but it can also be
inferred by observing them in the classroom. Most of my assessment
involves ongoing and informat evaluations that impact my staff develop-
ment program; although I do have a more formal, annual evaluation meet-
ing with each staff person to discuss their progress and the next steps in
each of seven categories.

Because practical knowledge was the clearest strength of my staff, |
began 6 years ago by using professional development time to explicitly
discuss the teachers’ goals for their students, to agree on a consistent
vocabulary for goal categories, and to establish an appropriate progression
of expectations for the 3 years of our program, based on the foundations
with which children typically enter our program and the common devel-
opmental changes they may expertence. We then aitered our assessment
process and conference forms to align with the six goal categornes, so that
teachers would discuss the same aspects of development 1n each of therr
reports each year. Once we were clear about our goals and the aspects of
each that we would be assessing, the next step was to plan our program {o
foster each aspect of development. What we learned was that having the
goals framework helped us to determine whether our program was pro-
viding a well-balanced set of learning experiences, to choose among the
many possible activities, and to intentionally focus activities on the areas
in which a particular student or group of students was weak. This process
has made our thinking about early childhood education explicit, and the
goal framework has helped organize the links we form as we read new
articles, visit other programs, and integrate new methods and materials
into our program.

“reacher assessment categories include Intersctions with Children, Program Planmng &
Implementation, Knowledge/Expertise, Professional Approach to Work, Problem Solving, Team
Approach 1o S1aff Interacuions, and Other Professional Inteructions. This set 15 broader than the staff
development goal discussed in this chapier.
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As with any learner, practice dramatically affects the depth of acquisi-
tion and utility of application in new contexts. Fach staff member is
responsible for coordinating one or two of the thematic units for the year,
so each individual has an opportunity to independently practice identify-
ing the conceptual foundations and goals for a topic and to specify ways
n which each of the six domains can be advanced by our program. During
that process, I am available for consultation and can provide a level of
guidance and instruction that is appropriate for each individual. The teach-
ers get a similar opportunity to work ndependently or consult with me
when they teach other teachers, either the student teachers that they super-
vise, colleagues at a professional conference, or teachers that attend the
professional development sessions that the Children’s School offers. For
example, several teachers collaborated on a presentation about the ways
that we integrate cooking activities into our thematic units and discussed
the specific aspects of each developmental domain that can be intention-
ally fostered via cooking. Talking about the six domains with parents dur-
ing conferences and with undergraduate interns provides additional
opportumty for them to strengthen thenr own understanding.

My staff development examples thus far have focused on formal pro-
fessional development that involved essentially the whole staff, with basic
modifications or extra work with people who had weaker foundations. My
informal. more individual, interactions with teachers typically focus on
discussing why some part of the program did not work or how to heip a
particular child who is experiencing a developmental difficuity or defay in
one or more areas. In such cases, like the example of fostering conflict res-
olution, I typically use the same cognitive principles to guide the discus-
sion. Did we assume some prior knowledge, skill, or interest that the
children did not have? Did we make the process, expectations, and so
forth explicit enough for them to use as a guide? Did we intentionally con-
nect with the children’s existing knowledge or in other ways help them
elaborate on the experience? Did we give them enough opportunities to
learn and practice the desired skill to gain mastery? Did the program work
better with some children than with others (oclder? more verbal? etc.)? In
this way, I hope to reinforce the teachers’ use of these metaprinciples so
that they will eventually integrate them automatically into their instruc-
tional and assessment designs.

These exampies demonstrate how I can strengthen the theory—practice
link through both formal and informal coaching. Emphasizing the
research link can enhance the whole system. My emphasis is heaviest on
learning about research. We read and discuss research articles or reviews
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that are relevant to issues that we are facing; staff members who attend
conferences present abstracts of research sessions that they found helpful;
and all of the researchers who conduct studies at the Children’s School
give brief presentations to our staff. In all of these contexts,rl serve some-
what as a translator, or perhaps more of a “connector,” trying to activate
the prior knowledge that | know exists, to explicitly label and de_ﬁne con-
cepts that may be presented m cryptic form, to elaborate points with
examples from our shared experience, and to reiterate key ?oncepis dur-
ing a discussion. Although any one article or presentation is anhke}y to
dramatically affect our “system,” it has been interesting to watch Ehf: depth
of discussion develop over the course of repeated exposures to different
studies within a research program or a particular subfield. For examgle,
our staff discussions of the role of gesture in development and educapon
have grown deeper with each presentation that one of our faculty gives
(Alibali & Goldin-Meadow, 1593).

Involving the teachers more directly in research has beneﬁts_for them
and the researchers. We have researchers talk with teachers prior to the
beginning of a given study so that the teachers can qffer sugg_estions__about
the design. Not surprisingly, they often comment about the interaction _of
a specific task with the children’s prior knowledge (e.g:, the pf)tentlz}l
impact of one year’s “letter of the week” project on a study of cbﬂ_dre_n 5
ability to identify the initial letter of words presented orally, a stady that
was slated to happen just after “J” week). They suggest ways 10 make the
child’s task clear (both through explicit instructions and by using “games”
that have a common script) and to make it interesting enough to get them
through the often large number of trials necessary in experimental
designs. ’

In my own lab, I choose to explore the aspects of development that
most trouble, puzzie, or otherwise interest my teachers, and my researph
assistant involves the teachers in both the design of the task and of the
report format, so that the teachers will be able to use th_e }gformamon
gained to help them understand their children. The communication Assess-
ment in Appendix D is an example of this type of involvement with
research. Because my lab is such an integral part of the school, the rteaci‘l-
ers both give and receive feedback i shorter cycles than 1s typ%cai in
research contexts. In this case, they suggested the topic, helped revise the
assessment, and got data on almost all of their children within one semes-
ter, With the help of undergraduate students, we have deve}oped similar
assessments on a wide variety of topics, including comparison—contrast
skills, leadership, decision making, cooperation, and so forth.
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Overall, the benefit of this emphasis on the research links in th
theory—research—practice triangle 1s that teachers’ theoretical conce te
deepen and_become better integrated with their understanding of bpﬂs
;esear'ch z1md practice. In addition, they have become more “expez:;innent(z)ﬂ’f
::r;] i?;i:;rn c;aisrooms, purposely trying different strategies with individual
ehe prevzoigt;p‘; :ez; :g.re reflective, although not controlled, way than

Parent Education

The case of parent education is both simpler and more difficuit because of
the limited mnteraction and responsibility that we have with parents F0
mos_t parents, with the notable exception of psychologists from the‘ .
versity and_professional communities, prior knowledze E;b()t}t co niltl‘m“
and social ci_evelopmen{ 1s limited to practical experie:ce with thegr wn
c}nldre_n and_ their children’s friends, and access to theory or rese;rc?nwn
i}mlteci to what they hear in the popular media, which typically distracés
themn. We _begin_ our parent education when proépective parents first vi :
our school by introducing them to the six domains of developme :5_“
'I_'ablc? 12.1 and our rationaie for the priority order. We discuss ofr edE:Jcm
tional program, and, in lay terms, the cognitive foundations for its desiua—
We especially emphasize the goal-driven nature of our instruction DE;
assessmgnt approaches. Once parents have children attending our schgg}
\_verbegxr_n more detailed descriptions of the ways that ou: rogram
deglgqed to foster skills 1n particular domains, or the ways tiatac t n
activities. like cooking or dramatic play, can be used to foster devflgm
me_nt n _all six domains. Appendix E includes sample parent newsEettp‘
ar‘tzcies, including one that focused explicitly on the metaprinciples uncieer
lying our use of thematic units, such as the “Ponds” study (A e;idix Br—
gfinffre;ce discusstons with teachers provide yet another conigcz for par)—
\ ;e;sr Cohiizfelop an understanding of developmental theory 1n relation to
We al$o begin our parent education about developmental research at th
prospective parent stage. One requirement for entry into our program s
that parents sign a blanket permission form for the child to particig ate n
any research projects conducted at the Children’s School Hel inp them
i?ecome c_omfor{ab]e with that requirement involves expiic;itiy cl:ljes{{fribinT
the low-risk types of research conducted and the high-quality proced s
thﬂat._ we hgve developed to ensure that the children’s experiencg meeturi?
Of the ethical standards and is consistent and well integrated with t;:zr

S

school expenence. For some parents, it also involves countering miscon-

~ ceptions and fears about research that relate to their prior experience with
' medical research or highly publicized cases of ethical breeches. Once the
family becomes part of our school, they can read abstracts of studies being

conducted and summaries of completed studies in our monthly newsletter.
The most in-depth application of metaprinciples from cognition and
instruction is with parents whose children are experiencing a develop-
mental delay or difficulty. In these cases, the parents’ models of develop-
ment and of their child have a dramatic effect on their ability to
understand the presenting problem, its underlying causes, and the steps
that can be taken to improve the child’s functioning, if not eliminate the
causes altogether. One interesting example relates to the two children
whose difficuities with conflict resolution were described earlier. Both
children were in the same preschool class and their consistent and dra-
matic aggressive behavior was impacting the whole class negatively.
Through careful observation of the contexts, triggers, patterns, and reso-
lution strategies related to these aggressive episodes, as well as conversa-
tions with the parents about the nature of similar episodes at home, we
diagnosed one child’s difficulty as resulting from a lack of clear structure
in the home and anger at the family situation. In contrast, we felt strongly
that the other child’s behavior was the result of physiological 1ssues with
proprioception and motor control. Our ability to work with the parents of
both children was hampered considerably by the fact that neither set of
parents shared our model of the child’s behavior. The prior personal and
cultural experience of the first family led them to describe their child as
cute, funny, assertive, a negotiator, and rambunctious, so they were slow
to respond to the needs the child was expressing through his aggression.
The second family viewed their child as in control of his behavior and pur-
posefully being oppositional, so they responded with increased strictness,
punishment, and so forth. Qur eventual success with both sets of parents,
and ultimately with their children, depended heavily on our identification
of the prior conceptions with which they entered the process, explicit dis-
cussion of alternate models and ways to distinguish between them,
emphasis on connecting the scenarios experienced at home and at school
with the models that best explain them, repeatedly over the period of an
entire year, with sensitivity to the individual characteristics and needs of
each parent.
It 1s clear that we integrate the cognitive metaprinciples into both our
general parent communication and our work with parents whose children
are struggling. Our goal for the general parent population 15 merely
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exposure, so we have no formal assessment of our success, although 1t
would be an interesting study to conduct. For the parents whose children
are struggling, we have a clearer goal for them to make good choices
about diagnostics and interventions, as well as to have the relevant knowi-
e_dge to advocate effectively for their children. As with assessment of the
children themselves, assessment of our success with parents in these sit-
uations 18 essentially a longitudinal case study. Although the irnpact of
cognition and instruction 1s evident in our approach as I have described it,
1t is isufficient for dealing with the socioemotional aspects of the situa-
tion, where counseling skills are essential.

Undergraduate Learning Experiences

Undergraduates are an interesting contrasting case to teachers and parents.
They come to us with more current theoretical background—having
taken child deveiopment recently, plus most courses here emphasize a;
information-processing approach and highlight research methods and
findings. Also, they may have taken other research methods courses
b.efore taking the developmental course. On the other hand, most have
hmzted practical experience with children, perhaps some babysitting or
interactions with younger siblings.

For undergraduates, we have two learning options, one with goals for
buiiding practical skills for working with children and the other for build-
ing developmental research skills. Many of our students participate 1in
both aspects of our program, but we have to design programs that can be
taken in either order.

The practicum option involves a guided field experience designed to
help studgnts deepen their understanding of developmental psychology by
assisting 1n a preschool or kindergarten classroom and discussing the
ways that their experiences relate to the theories and research they have
previously studied, as well as to new readings. The classroom observation,
inferaction with the children and teachers, and experimentation with
strategles for promoting children’s development yields the fodder for the
course discussions. As the course instructor, [ intentionally work with the
gtudents during our formal seminar time and our informal interactions at
the school to explicitly label the episodes they describe with theoretical
terms, to make connections between theories by comparing and contrast-
ng their perspectives on interesting episodes, and to link episodes with
the research presented m our course readings. By using these strategies
each week with respect to a new reading topic, I offer the students opgoru

tunities to practice making the links and communicating explicitly about
them. As the semester progresses, the students begin to identify the theo-
retical perspectives that are most useful for helping them understand their
experiences in the classroom.

Individuat students in the practice track also have the opportunity to
work independently toward the goal of integrating theory, research, and
practice by writing weekly eniries in their course journal that explicitly dis-
cuss the connections and by developing a case study of one child. The case
study is structured by the Children’s School’s six domains of development,
and students gather information by naturalistic and structured observation,
interviews with the teacher, and occasionally, interaction with the parents.
Here again, the emphasis 1s on theoretical explanation for the child’s devel-
opment and prediction of what strategies might foster development, as well
as links to research findings that support the student’s claims. These two
written projects, plus an oral presentation of the case study, serve as the
assessment of each student’s progress toward the goal of integrating their
theory and research knowledge with educational practice.

The research option involves a research methods course with a labora-
tory component at the Children’s School. The goal of the course 15 to heip
students acquire an understanding of the concepts and issues in develop-
mental research and to provide hands-on experience in conducting devel-
opmental research. Because instructors other than myself actually teach
the seminar portion of the course, my participation is limited to working
with the students on the laboratory component. Nonetheless, the goal of
mtegrating theoretical, research, and practical knowledge and the applica-
tion of the cognitive metaprinciples are still a major part of the process.
Because we are aware that the weakest aspect of the students’ prior knowi-
edge is typicaily the practical side of conducting research with young chil-
dren, we have designed explicit procedures and support students’ use of
them by working closely with them during their initial lab setup and 1ni-
tial contact with the children. In our group ntroduction to the research
procedures and in our mvolvement with each research group, we explic-
itly highlight the rationale behind our procedures (the theoretical princl-

ples, the research ethics, and the practical aspects of work with young
children). As they progress from one lab to the next, we repeatedly empha-
size the decision-making process underlying the design of the projects.
Eventually, they develop a final project of their own design and then
receive feedback from both me and their course instructor. During the
inevitable revision process, we emphasize the design decision process
explicitly and encourage links to research examples with which the
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students are already familiar. Although the course is only long enough to
permit students to conduct one study of their own design, interestedfjstuw
dents have numerous opportunities to conduct research projects in the con-
text of upper level courses, independent research with faculty members
and senior honors theses. Although I have no formal role in evaluating the:
stu.dents’ progress in research, I continue to review their requests to us: the
Children’s School laboratory and menitor the conduct of their research
there. In that context, I have observed that the students make better
res'earch design decisions, understand my suggested revisions and the
rationale for them more easily, and develop better interaction strategies in
research contexts with young children as they gan more experience.

COGNITION AND INSTRUCTION
IN THE LABORATORY SCHOOL
AND BEYOND

Applyin‘g the cognitive technique of task analysis at an educationally
practical level has significant benefits for designing effective instruction
and assessments. We demonstrated this point most effectively with respect
to the children in our laboratory school, but we are also witnessing the
positive impact of the approach in our work with teachers, paremso and
u‘nc'fergmduates. In a similar way, we have found the cognitive meta}arin-
cipies that T described to be broadly useful in focusing design discussions
on effective strategies for both instruction and assessme:t. Constraints
imposed by the enormous scope of applymng both the task analysis and the
meiapﬂpc;’pies across the curriculum for all learners require a streamlined
approach for most aspects, with more detailed applications 1n only the
most 1mportant or difficult cases. Nonetheless, we continue to improve
our own applications and to spend a significant portion of our teacher
training and consuiting efforts encouraging others to use this G—P—A
approach.

7 In fact, beginning in 1998, we founded an Early Childhood Profes-
sional Development Center® to develop ways of using our approach to
help educators to improve their own programs. (See Appendix F for the
center philosophy and a sample seminar schedule.) By familiarizing our-
selves with trainees’ programs in advance of tramning and by cond;cting

5 7 ;
Our Early Childhood Professional Development Center 15 supported by the Alcoa Foundation

introductory activities at the seminars, we estimate the trainees’ prior
knowledge and existing practice. Our seminar activities and handouts
explicitly detail our approach and provide visual examples. By encourag-
ing sharing of ideas among trainers and trainees, we build links between
seminar principles, existing practice, and future directions. Our 2 day and
week-long seminars inciude opportunities for practicing the G—P—A
alignment as 1t relates to diverse aspects of an early childhood program.
We also explicitly emphasize our goal of teaching a design strategy that 1s
individually applicable to diverse programs, rather than suggesting that
participants mimic our specific program. Feedback during and immedi-
ately after each seminar reveals that tramnees both understand the basic
G—+P—+A Approach (Table 12.2) and anticipate being able to apply it to
their program improvement efforts. More importantly, our subsequent
interactions with both teachers and directors reveal that significant
progress is occurring. Such reports indicate that the strategies of using
task analysis and metaprinciples are applicable beyond the laboratory
school and 1n diverse programs that are unlikely to have a cognitive psy-
chologist on staff;8 but, once again, formal study of the specific ways pro-
fessional development impacts program improvement is needed.

In addition to the impact of dissemination efforts, such as those of our
Professional Development Center, laboratory school practice such as ours
can impact the field of cognition and instruction during the next 25 years
in several ways. At some level, our efforts exemplify the ultimate goal of
the field: to understand the processes of teaching and learning well enough
to provide 1deal learning environments for varied individuals at all levels
of the system. As such, we serve as a cautionary reminder of the “big pic-
ture” and encourage others to broaden their research to include an integra-
tion of social, cognitive, and physical development 1n a realistic context.

Because that task may seem daunting, I suggest several more manage-
able, but highly valuable contributions that researchers could make toward
the uitimate goal.

1. Develop practical techniques for streamlined task analysis.

2. Specify the set of metaprinciples that serves as the foundation for

your instructional designs and write about them more fully than is
typically allowed in our field’s journals.

Y11 addition 1o our early childhood professional development work with educators 1 our commu-
nity, I have applied the sume G—+P—*A approach (Table 12.2) to the redesign of an elementary school
curriculum, reviews of several colfege programs, and a traning program for postcollege campus min-
1sters. Theoretically, the approach can be applied to learners of any age and across many domains.
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APPENDIX A

Samples From the Children’s School Goal Specifications

COMMUNICATION—facilitating comprehension and expression

skills beginning with oral and progressing to written language.
A. SPEAKING
Phonetics, Vocabulary, Grammar, Oral Expression

B. LITERATURE/READING
Story Listening

3

it

5

enjoy books with piciures
eajoy sitly stories

listen to story on tape

recatt mam idea
relate story 1o own exp.

fill tn mussing words
identify missing object
from set of four or class

identify missing part of
pictire

listen attentively 1o story
identify charactess
ask questions

recall piot in order
{literal events)

recall snxall details

fif in missing actions
tnot saying thanks)

predict next events

listen when peers read

listen for meaming and
answer comprchension
guestions

draw conclasions

use more abstraction 1n
what's missing

%21

tory Telling

I

of

S—

retell two or more facts
from story read two
tmes

make up storics

retell story 1n own words

identify begimning,
middle, end

use expressive language
and sounds

simple story gramsmar
(beginrung, middle, end}

retells in order with
details

borrowed stories {new
twist on an old faveonie)

teil oniginal stogy

use descriptive words

illustrateswrite own
bocks

use sundard story frame
{once upon a ime)

Story Analysis, Pretend Reading, Sounds & Symbois, Print
Formats

C. WRITING
Letter Recogmition/Formation, Writing Format, Writing to
Communicate

DISCOVERY & EXPLORATION—fostering a positive attitude

toward learning through questioning, observing, and experimenting
with varied materials related to diverse themes.

A. APPROACH TO LEARNING

3+ At 5t
positive attitude
self-motivation / complete task with plan for task

nikiative persisicRoe (e.g., gather materals)
accepting of mistakes as seek more than one
learming sohion
resourceful
B. COLLECTING AND OBSERVING
J-r of s S

mo 0

aware of senses

describe basic features

collect and sort objects

compare and conirast
bas:c dimensions

count objects

magnify objects
associate objects
{e.g., bird with nest)

FCCOgNIZe map

describe chaructenstics
and behaviors of present
and iragined objects

classify and order
added varzation and # of
dimensions

estsmute number
measuge with uniis
¢rease balunce

record observations with
drawing or pholo

identily lund and water
relate personal experience
to mHp

more compiex description

use standard measure

weigh objecis

use stondard symbols

use graphs

use simple mup and globe

QUESTIONING & PREDICTING
EXPLAINING & REPORTING

NUMBER

Comparng, Sorting, Ordering, Number, Operations
SPACE (both two- and three-dimensional understanding)
Lines {components of shapes), Shapes, Position, Patterns

MEASUREMENT

Length, Weight & Volume, Temperature, Speed, Time, Money,

Graphing
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APPENDIX B
Outline and Excerpts From the Summer 1999 Pond Unit

Carnegie Mellon Umiversity Children’s School
Ponds Unit
Summer 1999

Plan to Subdivide the Four Weeks of the Ponds Unijt:
Water (Week 1D
Plants (Week 2)
Animals
Fish, Frogs, and Turtles {Week 3)
Insects & Spiders (Week 4)

Likely existing coneepts (depending on individual experience)

Everything needs a pilace to live.
A pond is a small body of water.
Can describe water—typically wet, clear, cool, etc.
May know different forms of water.
Can describe ways people use water.
Can list and describe some plants and animals that live in
or near ponds—typically ducks, frogs, turties, fish, bugs.
May identify basic parts of plants and what they need to live.
May 1dentify basic parts of animals and what they need to live.

What they’re unlikely to understand 1s the concept of habitat and
the interdependence of the living and nonliving things in a
habitat. They're unlikely to link the features of plants and
animals to the ways that they are adaptations to the particu-
tar habitat. These are the key points to emphasize in the
unit. The concepts listed below expand on these basic
poInts.

Concept of “A Pond as a Habitat”
Habitat Basics

Living vs. nonliving things. '
Living things need food, water, and air to stay alive.
Most living things grow and change.
Variety of living things (plants and animals).
Many different places to live. ’
Every living thing needs a place to live—a home.
Each living thing lives in a
HABITAT = A PLACE WHERE SOMETHING LIVES
Every habitat has living and nonliving parts.
A habitat provides food, water, air, temperature, safe spaces
that a plant or animal needs.
Different hattats meet different needs.
A living thing also gives something back to a habitat.
Each living thing has a job to do.
In habitats, all the parts fit together. 7
Common needs, Diversity of approaches to meeting them in
diverse habitats, interdependence
Importance of taking care of habitats

Water habitats
Earth has more water than land.
Two types of water habitats; freshwater and saltwater
Freshwater habitat (ponds, bogs, swamps, lakes, rivers)
Climate varies
Water can be cold or warm
Water can be still or flow fast
Plant & amimal life depends on type of water
A pond is an enclosed body of fresh water that 1s smaller than
a lake (i.e., still water but could be cold or warm)

Unit continues with concepts about each week of the unit
Water {Week 1)
Plants (Week 2)
Animals—Fish, frogs and turtles {Week 3)
Animals—Insects & spiders {Week 4)
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Developmental Objectives for Focus in the Ponds Unit

Objectives for all six domains are listed 1n the unit, Key excerpts for two
domains are included here.

3. Communication—facilitating comprehension and expresston skills
beginning with oral and progressing to written language.

Speaking

* Learn new vocabulary—habitats, pond, vapor, cattails, water lily,
shelter, fins, gills, minnow, catfish, bass, amphibian, tadpole,
reptile, antenna, metamorphosis ...

* Use body language, act out certain animals/pond life, role play

* Identify and name pond/pond life objects

* Convey ideas regarding pond, discuss cycles and activities that 20
on at a pond

Literature/Reading
¢ Read books about the pond and pond life
* Predict what happens next in stories and/or life cycles of pond life
* Retell stories and/or life cycles in correct order
* Tell original stories involving pond habitat or pond life
* Recognize words related to pond and 1dentify the word when it is
next to a pictare
Writing
* Dictate pond stories and write some words from story
= Make books, sign, pictures related to pond
* Label categories for sorting pond items

4. Discovery & Exploration—fostering a positive attitude toward
learning through questioning, observing, and experimenting with var-
1ed materials related to diverse themes.

* Collect and sort items from pond according to various categories
such as plant vs. animal, living vs. nonliving, land vs. water, insect
vs. reptile, fish vs. mammal

* Ask questions about pond/pond life

* Observe the various types of pond life at the pond

» Describe characteristics and attributes of pond items collected

¢ Count items relating to pond

* Identify the different parts of an insect or plant

* Magnify, measure, and weigh pond 1tems

* Compare and contrast the length and weight of items

* Record observations of pond/ pond life with drawings & charts
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* Make a simple map of the pond

» Understand and follow sequences in relation to pond life cycles
and water cycle

» Add and subtract using pond related objects

» Match pictures with pond objects collected

' ..f Pond Resources found at the Children’s School:

" Puzzles / Games:
Pond Life
Duck Pond
Fishing Game
and so on
Manipulatives:
insect Collection
See and Do Nature Series
and so on
Computer CDs:
Sammy’s Science House—Seasons at the Pond
Amphibians and Reptiles
and so on

Pond Books found in the Children’s School Library

Habaitats / Pond:

Birds end Thewr Environment, Frances Todd Stewart
All About Water, Melvin Berger

and so on

Plants:

The Story of the Root-Children, Sibylle von Olfers
The Giving Tree, Shel Silverstein

and so on

Frogs, Fish, and Turtles:

The Magic Fish, Freya Littledaie

The Tortoise and the Hare, Aesop Fable

and so on

Insects and Spiders:

Feely Bugs, David Carter

The Very Busy Spider, Enic Carle

and so on

Activities Bibliography

Exploring Water and The Ocean, Gayle Bitinger {Green)
The Kids' Nature Book, Susan Milord (Salmon)

and 50 on




42
9 CARVER

APPENDIX C

Sampies From the Children’s School’s
Kindergarten Conference Form

Communication

Speaking:
v' uses 100% intelligible speech
v/ has age-appropriate vocabulary
v speaks in complete sentences
v participates in conversation
v’ participates in group discussion
v/ presents information to the group

Beginning Reading:
v’ listens attentively for meaning
v answers comprehension questions
v’ follows left to right progression
v’ follows top to bottom progression
v identifies rhyming words
v recognizes upper case letters A through 7
v/ has been exposed to lower case letters a through z
v/ finds name on list and writes a check mark

Beginning Writing:
v’ forms upper case letters A through Z
v’ prints full name
v’ asks for spellings of words

Name o {teacher writes a paragraph of evidence, explanation, and
suggestions)

Discoverv & Expioration

v’ exhibits a positive approach to learning

v completes an age-appropriate task with persistence

v’ asks Who? What? Why? Where? When? How? questions
v/ seeks answers through exploration
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Beginning Math:

can count from I--30 by rote

counts to 20 with 1 to 1 correspondence
forms numerals from 1-20

recognizes numerals 120

recognizes and names complex shapes
recognizes and forms simple patterns
classifies and orders objects independently
compares and contrasts length, weight, volume
recognizes time cycles

tells time by hours

understands use of money for buying
reads and forms bar graphs

SNENNANSNSNESSNSNASNSS

Name ... (teacher writes a paragraph of evidence, explanation, and
suggestions)

APPENDIX D

Sample Report From a Structured Assessment of Communication

Child’s Name ANB Date Observed 4/26/99
Observer’s Name Jolene

The ABC Game—A Communication Task
NB was asked to find her name on a list of all 23 kindergartners. She was
able to do this right away. She was also able to make an X by her name.

Next, she was asked to name rubber letrers of the alphabet and correctly
named all 26 upper and 25 lower case letters (she didn’t know the q, but
it’s an odd g, with a short straight tail).

When listening to a brief (approx. 6 minute) story tape, NB was 100%
engaged with the book, and 100% engaged with the tape, during the first 4
minutes. She seemed to enjoy the story, but was somewhat distracted by the
tapeplayer. Her answers to several comprehension questions indicated that
she paid attention and understood the story. NB showed a strong miterest in
words. Answering one question, she said the giant was big, hairy, scary,
mary, gary. Also, she was very interested in oversized words in the text.
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When asked to follow on a page read aloud with her finger, NB was able
to follow from top to bottom and from left to right.

NB appropnately named the story “The Giant.”” She knew how to spell
THE, and carefully sounded o1t GYNT. NB was able to write her first and
last name.

APPENDIX E

Sample Parent Education Articles
From the Children’s School Monthly Newsletter

Director’s Corner (for November ‘08 Newsletter)

The development of Communication Skills is an important aspect of the
preschool years because these skills enable increasingly effective social
mteraction and increasingly complex learning. Young children’s listening,
speaking, reading readiness, and writing readiness skills contribute to
their foundation for success in etementary school.

Communication 1s a part of the Children’s School day from the moment
the teacher and child greet each other at the car through dismissal. By
rgpeating standard phrases, songs, and fingerplays, together with relevant
visual cues, we encourage children’s listening comprehension and fluent
speech. As the teachers introduce and reinforce concepts related to our
themes, the children learn and begin to use new vocabulary. While explor-
ing these topics, we encourage children to ask questions, describe their
observations and experiences, and formulate explanations for events.
Frequent story reading and re-reading helps chiidren practice their com-
prehension skills, as well as promoting interest in books. Teachers also
provide a wide variety of opportunities for sharing personal stories and
knowledge informally. We encourage formal sharing via “Sharing Days”
in the preschool and “Discovery Table” presentations in the kindergarten.

In addition to promoting oral communication, we encourage children’s
interest in written communication by providing frequent exposure to read-
ing and writing in inviting contexts. Children have many opportunities for
quiet “reading” times to explore books individually. We talk about letters,
the way they look, the way they sound, and the places we see them in our
environment. In the preschool, names have special significance, as do
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" words like “open” and “closed.” Similarly, our writing centers are places

for children to experiment with drawing and writing. Teachers follow the
" children’s interest with help in letter formation and spelling. Children in
* the preschool are also invited to dictate stories that can then be reread in
" the classroom and at home. In the kindergarten, the opportunities for
~ exploring reading and writing are expanded to include the “Morning
" News,” the “Wall of Words,” journal writing, group stories, and many
. other activities. In all cases, the teachers tailor the program to the needs of
" each year’s class and modify activities to challenge individual children
© ranging from prereaders to fluent readers.

A short walk through the school while the program is in session will pro-
vide a vibrant demonstration of the many ways our teachers work to pro-
mote strong comprehension and expression so that our children become
effective communicators. Feel free to join us one day soon!

Director’'s Corner {for March ‘00 Newsletter)

Thanks, agan, to the many parents who helped make our Heritage
Celebration a wonderful event! I enjoyed mnteracting with all of the fami-
lies and hearing about how much the children have learned from the China
and Canada units. As you probably know, such in-depth umts are rarely
attempted in other early childhood programs and some educators claim
that it is impossible for young children to learn about topics beyond their
immediate environments (e.g., China, dinosaurs, and outer space) mn
developmentally appropriate ways. At the Children’s School, we utilize
key principles from cognitive psychology to help us create ways for our
students to experience concepts directly and to build a strong knowledge
base about a variety of topics that interest them.

Build on Prior Knowledge

Before each unit begins, the teacher who has volunteered to be the Theme
Leader collects factual information about the topic and identifies concepts
that the children are likely to know already as well as those that are within
their reach. They prepare a booklet for the whole staff that includes these
concepts, as well as more in-depth background information that we might
need for answering children’s questions as they arise. Each unit begins with
circle time discussion of what the children already know about a topic. The
4’s and kindergarten teachers often record thus information on chart paper
as a list or web that can be consulted and expanded throughout the unit.
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Make Thinking Explicit

The Theme Leader aiso collects a wide variety of materials from the
Children’s School shelves and Iocal libraries that will help the teachers
and children use their senses to observe important properties related to the
topic. We utilize a wide range of fiction and nonfiction books, particularly
ones with clear photographs and we attempt to have authentic artifacts for
the children to handle. For example, you might have visited the Beaver
Museum in Canada during the Heritage Festival to see the beaver artifacts
that we borrowed from the Carnegie Museum and the beaver dam that the
kindergartners designed.

Emphasize Links

Studying one topic for an extended period of time allows the children to
explore multiple aspects of a concept. For example, the Forest unit
involved a comparative study of the plants and animals in Deciduous and
Coniferous Forests. Throughout the unit, teachers routinely combine ver-
bal and visual representations, provide a variety of exploration activities
related to the topic, and intentionally ask children to recall aspects of prior
related lessons. We also sequence our units to maximize the useful con-
nections between them. In the preschool, our China unit was purposely
designed to link with our Where We Live, What We Wear, and What We
Eat units 1n the fall,

Provide Practice Opportunities

Both proficiency and efficiency of knowledge application are dependent
on repeated practice in a variety of contexts. Within a thematic unit, chil-
dren have varied opportunities to acquire, strengthen, and refine their con-
cepts via experimentation, stories, dramatic play, art, games, computer
activities, etc.

Expect Individual Variability

The diverse opportumities that children have for exploring a theme
throughout our daily schedule allow for individual choice related to the
special interests and talents of each child. At the same time, the availabil-
ity of activities that are not related to the theme allows children to explore
other interests and the teachers to work on skill development in all areas,
regardless of particular thematic relation. The broad range of themes that
we study 1n a given year are purposely designed so that there will be a few
that spark particular excitement from each child.
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Feel free to visit the school to see the key principles in action. Reading
books and talking with your child about our unit topics will give you a
chance to observe his or her developing concepts. For topics of special
mterest to you, consider talking to your child’s teacher about how you can
help extend the theme at school or at home.

APPENDIX F

Professional Development Center Philosophy
and Sample Seminar Schedule

Early Childhood Professional Development Center
Sponsored by the Children’s School
at Carnegie Mellon University
Supported by the Alcoa Foundation

+ The purpose of the Professional Development Center i1s to improve the
reflective practice of early childhood educators by
1} training educators to use clear objectives for children’s develop-
ment as the basis for developmentally appropriate program and
assessment, and
2) consulting with administrators and their staff members during
the process of implementing new approaches.

*  Qur Professional Development Center programs are based on the phi-
losophy that tramers are most effective when they are master teachers
themselves, have advance knowledge of the contexts in which trainees
work, and can have long-term contact with tramnees for both imtial
training and follow-up consulting. Similarly, trainees learn best in
small groups that are conducive to discussion, when they have detailed
documentation of serninar principles and clear practical examples to
follow, and with strong support from their administrators and active
consulting on implementation after the initial traming.

»  We design unique programs that equip individual educators or staffs to
apply the semunar principles to their centers based on their students,

staff, clients, and facilities.
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Developmentally Appropriate
Goals, Program, & Assessment
The Children’s School, Carnegie Mellon University

Goals for Day 1

* Using developmentally appropriate goals to structure program and
assessment design

* Developing practical classtoom strategies for fostering the develop-
ment of preschool and kindergarten children

» Using thematic units that meet your program’s specific goals

9:00am Introductions / Overview

9:30am The Goals — Program — Assessment Approach
10:00am Identifying Goals for a Child’s Development
10:30am BREAK
10:45am Designing the Program to Meet Goals
12:00pm LUNCH
12:30pm Studying Themes to Meet Goals

1:00pm Exploring Unit Samples

2:30pm BREAK

2:45pm Assessing Progress — Goals

3:45pm Closure / Q & A / Evaluation

Goals for Day 2

* Explorning ways to use Phys Ed, Computers, Science, and Visual Arts
to provide a variety of unique learning experiences that meet your
goals and provide evidence of chiidren’s growth

0:00am Introductions
Review of the Goals — Program — Assessment
Approach (GPA)

9:30am Visual Arts Exploration (Red Room)
10:45am Computer (Kindergarten)
12:15pm LUNCH
12:45pm Science (Green Room)
2:00pm Physical Education (Outside, we hope!)
3:30pm Closure / Q & A / Evaluation

13

Themes in Cognitive
Science and Education

Earl Hunt
University of Washington

The chapters in this part of the volume range over a wide variety of
processes and topics. Processes range from Carver’s focus on the inter-
action between social, cognitive, and motor maturation 1n young children
(chap. 12) to Anderson and Gluck’s analysis of young adult problem-
solving skills based on traces of their eye fixations as they scan the
displays from an intelligent tutor {chap. 8). Topics range from Lovett’s
discussion of university-level statistics (chap. 11) to Reiser, Tabak,
Sandoval, Smith, Steinmuller, and Leone’s instruction in high school
biology (chap. 9). In spite of this variety, and probably because the sym-
posium was limited to less than 3 years duration, no attempt was made to
include chapters that cover the full curricuium at all grades and for all
topics.

For all of this diversity, I believe that there are some common ideas
this set of chapters. I am not sure whether they should be called themes
within the chapters or dimensions along which the chapters can be com-
pared. The first theme (or dimension) deals with the balance between
engineering and sctence in instructional applications of cognitive science,
and the second deals with the role of the teacher in such applications. I
also comment on the issue of classroom culture and group work. This
topic-—t00 often ignored in the application of cognitive science to
education—was introduced at the symposium by Ellis and Gregoire but,
unfortunately, 1t could not be included in this book.



