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ABSTRACT

Higher-order reasoning, fundamental to ill-struetuproblem solving, was highlighted
by many research studies that engaged learnerslatepn-centered learning activities. However,
most studies did not clarify what higher-order measg skills are and how to scaffold them. On
the other hand, important as problem solving i, $eudies have been conducted to scaffold
preservice teachers’ higher-order reasoning inisgliechnology integration problems.

This dissertation focused on refining scaffoldpitomote preservice teachers’ analytic,
generative, and evaluative reasoning skills in pilag technology-based lessons through
iterative studies. Fixed scaffolds, provided asdesdesign guides, were initially created based
on propositions to support procedural, metacogaitbonceptual, and strategic scaffolding
functions and directive and/or supportive mechasidémerging evidence and theories were
used to validate and extend the scaffolding prdjos.

Three journal-style manuscripts were included is thissertation. The first paper
delineates an overarching framework that definghdr-order reasoning skills during problem
solving and presents ten tentative scaffolding pstipons. The second paper is a design research

study depicting three semester-long iterationsrwhich scaffolds were designed, evaluated,



and refined to support preservice teachers’ higinéer reasoning in an educational technology
course. The first two iterations were qualitatinedées involving four and two preservice
teachers respectively. The third iteration was weghimethods study, in which preservice
teachers from four sections participated in thengjtetive component and eight were selected
for the qualitative component. The third paper eaord a detailed description and evaluation of
the fourth iteration, which used a two-stage sddiifigg approach informed by previous iterations
and the overarching framework. Again, the quami¢atomponent included preservice teachers
from four sections, and the qualitative componaibived ten selected preservice teachers.
Scaffolding strategies integrating multiple funascand mechanisms were refined. Finally, the
dissertation concluded by comparing findings fréwa four iterations with the initial scaffolding

propositions to discuss refined understandingsfaiude research directions.
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CHAPTER 1
INTRODUCTION

Real-world,ill-structured or ill-defined problems have unspecified problem space,
divergent perspectives, multiple solutions, andesrcevaluation criteria that entail a dialectic
and iterative problem-solving process (Chi & Glad®85; Kitchner, 1983; Sinnott, 1989; Voss
& Post, 1989). Constructivism researchers (e.qanBfiord, Brown, & Cocking, 2000; Bransford
& Stein, 1993; Jonassen, 1997) emphasize the impoetof engaging students in situated ill-
structured problem solving.

Studies have been conducted in various domaingajeast problem-centered learning
(e.g., Ge & Land, 2003; Oh & Jonassen, 2007; Olvétannafin, 2000; Saye & Brush, 2002).
Emphasis is typically placed on providing scaffof@déood, Bruner, & Ross, 1976) designed to
develop learners’ problem solving skills, such aalygzing and representing the problem space,
and creating and evaluating alternative solutidiese skills are consistent with the higher-
order reasoning categories (Anderson et al., 208dllowing this trend, my dissertation research
intends to enhance theory and practice by scaffgldigher-order reasoning during ill-
structured problem solving. While these skills lareadly applicable, this dissertation focuses on
scaffolding preservice teachers’ effective techgglose in their classrooms.

With the advance of technology in the digital agdcational agencies have made large
investments in technology to provide means forgraéng technology into the classroom. The
emergence of National Educational Technology Staisd@NETS, 2007) has helped to establish

benchmarks to guide and assess the focus and imfpsweth investments. Both researchers and



teacher educators have underscored the importdirearing preservice teachers to integrate
technology to support teaching and learning (Br@&hzewski, & Rutowski et al., 2003;
Doering, Hughes, & Huffman, 2003; Strudler, Archaml, Bendixen et al., 2003).

Teaching with technology is an archetype of astillsctured problem requiring higher-
order reasoning (Koehler & Mischra, 2008). Shulr(te®87) viewed teaching as reasoning using
Pedagogical Content Knowled@feCK). Likewise, to teach with technology, preseevieachers
need to reason with and transform TechnologicabBegical Content Knowledd&PACK)
(Mishra & Koehler, 2006) into appropriate teachargl learning strategies. However, according
to Kay (2006), preservice teachers have not redeadequate training before entering the field.
A recent national survey showed that educatioredirtelogy courses often concentrate more on
technology use for personal productivity and/orf@ssional presentation rather than on solutions
to real-world teaching and learning problems (GetimsBruh, Ottenbreit-Leftwich et al., 2010).
Moreover, previous studies incorporating problefdwiag activities into educational technology
courses often focused on the affective rather tharctognitive domain of preservice teacher
development (e.g., Bates, 2008; Lambert & GongQ2@ark & Ertmer, 2008; Smith, Draper, &
Sabey, 2005). Few studies in preservice teachera¢idn investigated or scaffolded the
reasoning and decision-making skills required tegrate technology to support classroom
practice. Little is known about how reasoning usiftACK influences preservice teachers’
intended practice and what supporting strategiedeaused.

Resear ch Purposes

This research originated from explorations of pnése teacher preparation approaches

in a typical educational technology course. Guidgdhe design and development goals of

educational research (Reeves, 2000), | engagadtaised collaboration with the course



instructor to identify and scaffold the reasonikils needed to teach with technology. The
practical purpose of this research was to refirdfglcls to guide preservice teacher reasoning
based on theories and research on scaffoldinggmobblving. The theoretical goal was to
examine and refine the overarching framework asd@ated scaffolding propositions through
iterative studies. | used design research as tlterabinquiry to iteratively create a tangible
design for the local context and generate evidéased claims to increase knowledge of the
field (Barab & Squire, 2004). During my inquiridsmplemented four research iterations to
design, implement, evaluate, and refine scaffadsrogressively promote higher-order
reasoning during technology integration (see Fiduig. | used mixed methods (Greene, 2008)
in Iterations 3 (chapter #3) and 4 (chapter # 4htoease the legitimacy of evidence (Johnson &
Onwuegbuzie, 2004) for refining scaffolds and buaiddtheories.

Dissertation Overview

This dissertation consists of three journal-styBnoscripts. The collective purpose is to
further our understanding of what and how to sddffio problem-centered learning (Merrill,
2002). The individual manuscripts are intendedawticbute theoretical and practical knowledge
to the field of preparing preservice teachers tegrate technology.

The first paper delineates the theoretical fram&wumderpinning the research. It begins
with identifying three higher-order reasoning sk#ind their roles during ill-structured problem
solving, and clarifying scaffolding functions aneéahanisms. | then apply the reasoning and
scaffolding types to current literature on scaffiogdlearners to solve ill-structured problems.
Next, | presents ten propositions of using différsraffolding functions and mechanisms to
support learners’ higher-order reasoning skilleahy, | discuss implications of the framework

for instructional design and future research.
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Project 2

Structured
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Iteration 4
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Initial Increased Supportive
Directive Directive Scaffolds
Scaffold Scaffold

Figure 1.1.Design research inquiry process

The second paper presents the first three dessgrareh iterations and focuses on the
influence of instructional technology. It first iews the need for design research in scaffolding
problem solving and connects to the local contéxnoeducational technology course involving
problem solving projects. Next, it gives an ovewief scaffolding interventions and

methodologies across the three iterations. Therpageinues with details of individual



iterations. Each begins with the purposes, congestfold descriptions, and research methods,
followed by findings and implications for the nebtdration. Iteration 1 examines the effects of
switching procedural scaffolds into metacognitigaffolds for preservice teachers’ reasoning
during three separate lesson design projectstitiara refined the procedural scaffolds based on
Iteration 1 and tentatively integrated metacogaeitmonceptual, and strategic scaffolds to
reexamine their effects. Iteration 3 progressivetyeased scaffolds across the three projects and
integrated procedural, metacognitive, conceptual,sdrategic scaffolding functions to

investigate impact on reasoning. Finally, the pajpenpares preservice teachers’ reasoning

skills and scaffolding influences across iteratitmgenerate scaffolding principles and strategies
based on evidence.

The third paper is a detailed analysis of Iteratildrom a teacher education perspective.
Informed by the framework and previous iteratiahsjtroduces a two-stage scaffolding
approach transitioning from directive to supporteaffolding to develop preservice teacher
reasoning in designing technology-supported lesdorgamines scaffolding effects by
comparing preservice teachers’ reasoning skilleutite two scaffolding stages and seeking
connections to the provided scaffolds. Finally, pa@er discusses the influences of the directive
and supportive scaffolds on preservice teacheasa®ing performance and recommended
strategies for integrating multiple scaffolding rhanisms and functions to promote preservice
teacher reasoning during technology integration.
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CHAPTER 2

LITERATURE REVIEW

SCAFFOLDING HIGHER-ORDER REASONING DURING
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Abstract
Higher-order reasoning skills are critical to ilitsctured problem solving. However, it is unclear
which higher-order reasoning skills are neededrawd to scaffold learners as they solve ill-
structured problems. Grounded in problem solvind) staffolding theories and research, this
framework identified three higher-order reasonikijs-analytic, generative, and evaluative
reasoning—and focused on procedural, metacogndoreeptual, and strategic scaffolding
functions as well as fixed vs. dynamic, directige supportive mechanisms. We applied the
higher-order reasoning and scaffolding categonez3tselected research papers on ill-structured
problem solving by analyzing the effects of scafifioy functions and mechanisms on reasoning
skills. Ten empirically-derived scaffolding proptssns were proposed and their implications for

instructional design and research in problem-cedtézarning were discussed.
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Introduction

“The central point of education is to teach pedpléink, to use their rational powers, to
become better problem solvers” (Gagné, 1980, p.R®blem solving helps to situate learning
in authentic contexts and support knowledge antitelinsfer (Bransford, Brown, & Cocking,
2000; Bransford & Stein, 1993). Increasingly, edioceal researchers regard problem solving as
critical to meaningful learning processes and outes (Ge & Land, 2003; Hmelo-Silver, 2004;
Jonassen, 1997).

Real-world,ill-structured or ill-defined problems reflect complexity, uncertainty, and
value conflicts evident in unspecified problem spativergent perspectives, multiple solutions,
and unclear evaluation criteria (Chi & Glaser, 198#chner, 1983; Schon, 1993; Sinnott, 1989;
Voss & Post, 1989). Higher-order reasoning skillssessential to solving ill-structured problems
(Lee & Cho, 2007; Mumford, Baughman, & Threlfalladt, 1996, 1997; Schunn, McGregor, &
Saner, 2005; Shin, Jonassen, & McGee, 2003), batetearners often lack proficiency due to
insufficient domain knowledge and metacognitivdlskBransford, Sherwood, Vye, & Rieser,
1986). They may also have difficulty retrievingeehnt knowledge, recognizing meaningful
patterns, or monitoring thinking process, leadmgaive, superficial problem analysis, and
depth-first approaches to generating solutionsg&elohnson, & Emery, 1995). Dufresne,
Gerace, Hardiman, & Mestre (1992) argued that sirepbaging learners in problem solving
does not ensure the development of expertise; eswatten require guidance during problem-
based inquiry learning (Kirschner, Sweller, & Cla?2k06).

Many studies on scaffolding learners during illastured problem solving have been
reported to develop various higher-order cognitikdls, such as reasoning (Gillie & Khan,

2008; Saye & Brush, 2002), argumentation (Cho &3¥sen, 2002; Oh & Jonassen, 2007),



13

knowledge integration (Chen & Bradshaw, 2007; D&visnn, 2000), and comprehensive
problem-solving skills (Choi & Lee, 2009; Ge & LarzD03). However, it is unclear which skills
are crucial to ill-structured problem solving. Rasiers employed different scaffolds to guide
reasoning, including activity prompts (Oliver & Haafin, 2000; Davis & Linn, 2000), question
prompts (Bulu & Pedersen, 2010; Ge, Chen, & DR0€5), message types (Ng, Cheung, &
Hew, 2010; Oh & Jonassen, 2007), modeling (Pede&&den, 2002; Saye & Brush, 2002), and
peer interactions (Ge & Land, 2003; Uribe, KleinS&llivan, 2003). Little is known, however,
about the attributes shared across scaffolds, mgakdifficult to generalize across contexts.

To guide research and practice in applying probdahaing supports, this paper proposes
a framework fowhatandhow scaffolding can facilitate ill-structured problesnlving. By
integrating complementary theories and researgfeniorder reasoning skills and scaffolding
types are proposed. Ten empirically-supported slchffg propositions are identified and their
implications for practice and research are disalisse

Higher-Order Reasoning Skills

Historically, higher-order reasoning skills congeriadvanced cognitive skills beyond
basic remembering, comprehension, and applicaBoo(M, 1956). Bloom classified the higher-
order objectives in himxonomy-analysis, synthesis, and evaluation—as essentigh@anents of
problem-solving skills. In Guilford’structure-of-intellect mod€lL967), three higher-order
operations—divergent production, convergent pradaceind evaluation—provide theoretical
roots for creativity as a “discovered problem-satyprocess” (Csikszentmihalyi & Getzels,
1971). Dewey (1933) described problem solving duréiflective thinkingoy highlighting “a
state of doubt” and “an act of inquiry to resollie tloubt” (p.12). Ennis (1987) compared

critical thinking skills to the problem-solving process of decidamgan action. In this paper,
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higher-order reasoningndicates thinking skills situated in problem-soly contexts. Table 2.1

presents three higher-order reasoning slalfelytic reasoninggenerative reasoningnd

evaluative reasoning

Table 2.1

Higher-order reasoning skills during ill-structurgaoblem solving

Analytic
Reasoning

Generative
Reasoning

Evaluative
Reasoning

General Definition Roles in Problem Solving

Recognize constituent elements of an  Encode stated problem space information
entity. with schema.

Differentiate relevant from irrelevant Determine unstated assumptions,
elements. perspectives, purposes, or biases.

Detect implicit values, viewpoints, or Use schema to search for additional
perspectives. problem-related information.

Identify organizational structure among Structuralize problem space into
components. interconnected elements.

Produce divergent ideas characterized byFurther represent the problem by

fluency, flexibility, originality, and integrating identified information to

elaboration. hypothesize possible causes and
Produce convergent ideas through logical alternative solutions.

deduction from input information. Devise a convergent solution plan based
Construct products based on plans on analyses and divergent hypotheses.

emerging from divergent and Implement the solution plan to develop

convergent productions. products for solving the problem.

Use internal criteria including consistencyJudge information quality based on
and credibility to monitor arguments or  internal consistency, credibility, and

procedures. relevance to goals.

Use external criteria, such as effectivenesSompare multiple representations and
and appropriateness for goals, to solutions with goals and constraints to
critique products or operations to determine the best option for a solution
decide the extent to which they will be  plan.
used in subsequent actions. Justify the selected solution with internal

and external criteria.

Analytic Reasoning

Analytic reasoning is fundamental to identificationill-structured problems. Analytic

thinking, generally, involves specifying constitt@ements of an entity, determining the

perspectives they represent, and identifying thigjanizational structure (Anderson et al., 2001).
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Analytic reasoning, synthetically, involves recagng key information in various forms
(Guilford, 1967), differentiating relevant frometevant elements (Mayer, 2002), detecting
implicit values or viewpoints (Ennis, 1987), andagXning connections among components
(Bloom, 1956). Problem solvers’ schema, refinednfifarior knowledge and updated though
experience, is invoked to encode information ingheblem space (Jonassen, 1997; Mumford et
al., 1991). To construct a comprehensive repregentdhe solver needs to look beyond stated
facts, evidence, or arguments to determine undgylgssumptions, perspectives, purposes, or
biases (Jonassen, 1997), apply schema to guidge#neh for additional information (Lee &
Cho, 2007; Mumford et al., 1991), and structuraliee problem space into interconnected
elements (Treffinger, 1995; Voss, 1988). Analygasoning, therefore, is applied to deconstruct
large problems into sub-problems in order to glngeotheses generation and to integrate
possible solutions (Geol & Pirolli, 1992).
Generative Reasoning

Generative thinking was originally defined as thhegess of synthesizing identified
information to create a new structure to resoluplegity (Bloom, 1956; Dewey, 1933).
Generative thinking involves divergent productionkjch emphasize fluency, flexibility,
originality, and elaboration of ideas satisfying task, and evolves to convergent productions to
deduce logical answers from input information (&ud, 1967). In effect, it requires executing
solution plans from divergent and convergent prtidas to construct products (Anderson et al.,
2001). Generative reasoning can promote problemeseptation through divergent productions,
during which the problem solver further integratdermation to hypothesize possible causes
and alternative solutions (Sinnott, 1989; Treffind995; Voss & Post, 1989). A variety of

strategies can support divergent production of Hygges, including brainstorming (Osborn,
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1953), making remote associations (Stoyanov & Kinge, 2007), and considering different
perspectives (Jonassen, 1997). Using divergenuptmehs and integrations, the solver devises a
convergent solution plans and develops productsdtassolve the problem (Mayer, 2002).
Evaluative Reasoning

Evaluative thinking generally involves making judgmts based on internal or external
criteria (Bloom, 1956; Anderson et al., 2001). intd criteria are applied to monitor arguments
or procedures to ensure consistency and credilMayer, 2002), while external criteria, such
as effectiveness and appropriateness for ultimafggses, are used to critique products or
operations to decide the extent to which they bellused in subsequent actions (Dewey, 1933;
Ennis, 1987). Evaluative reasoning, therefore, sugproblem identification by allowing the
solver to judge the quality of information accomglto internal consistency or credibility and
relevance to established goals. Evaluative reagagsialso employed to assess solution options
when comparing multiple problem representationsamtlidate solutions with perceived goals
and constraints (Mumford et al., 1991; Sinnott, 2 98-effinger, 1995). Additionally, evaluative
reasoning helps to support or refute argumentddorsions based on internal and external
criteria (Jonassen, 1997; Shin, Jonassen, & Mc&B¥:S).

Scaffolding Types

Scaffolding, originally defined as the process bhyal an adult or more capable other
assists a child or novice to achieve goals withenzone of proximal development (Wood,
Bruner, & Ross, 1976; Vygotsky, 1987), has beeriegpo various structure designed to
support tasks beyond the individual's competenan{@nbekar & Hubscher, 2005). Hannafin,
Land, and Oliver (1999) proposed four scaffoldingdtions for achieving instructional purposes

in an open-ended learning environment. The ind&ligudentified scaffolding functions and
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mechanisms are often combined, however, to typgst@ategies designed to promote higher-
order reasoning during problem-centered learning.

Proceduralscaffolding guides learner through operationghste complete a task
(Sharma & Hannafin, 2007Metacognitivescaffolding helps learner to reflect on how takhi
about the problenConceptuakcaffolding prompts learner to consider key knalgke concepts.
Strategicscaffolding offers learner alternative approadioes problem or task. According to
Puntambekar and Hubscher (2005), scaffolding mestmninclude scaffolder, ongoing
diagnosis, calibrated support, and fading. Sindealigcaffolders can easily provide adaptive
supports, Wang and Hannafin (2008) distinguistezti scaffolds (designed in advance, static in
nature, and appropriate for typical learning neéash dynamicscaffolds (generated through
dynamic interactions and tailored to individualrieéag needs). To highlight the transition of
regulatory responsibilities from scaffolder to lear, Silliman and Wilkinson (1994) proposed
directiveandsupportivescaffolding. Directive scaffolds give explicit dations and require the
learner to respond accordingly to support sharedisgtnSupportivescaffolding, however, the
scaffolder and learner jointly regulate cognitiwtivties until complete transfer of
responsibilities.

Scaffolding Framework and Propositions

Informed by the above theories and associatecreseFigure 2.1 presents the
framework for scaffolding higher-order reasoningdlskduring ill-structured problem solving,
which was conceptualized frowhatandhowto scaffold. The intersection between ill-struetir
problem-solving skills and higher-order thinkingllsk-particularly analytic, generative, and
evaluative reasoning—include essential competemeieded among effective problem solvers.

They do not represent general, independent thinskiits but rather reasoning skills that are
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situated in domain-specific problem-solving consexitd supported by conceptual, procedural,

metacognitive, and strategic knowledge (Andersaal.ef001).

What to Scaffold
.- T IlI-Structured Tl .
Problem Solving Skills s

Higher-Order Thinking Skills
* Analytic Reasoning

» Generative Reasoning
Evaluative Reasoning

Scaffolding Functions
*  Procedural

e Metacognitive
e Conceptual

e Strategic

Scaffolding
Mechanisms
e Fixed vs. Dynamic
e Directive vs.
Supportive

Empirically-Supported
~—e Scaffolding Propositions ~__--~

How to Scaffold

Figure 2.1.Framework for scaffolding higher-order reasoninggy problem solving.

We organized research findings related to and géedipropositions defined by
scaffolding functions and mechanisms. A total of@®@reed research studies were analyzed (see
Appendix A) which scaffolded ill-structured problesalving and examined the effects on
learners’ reasoning. We cross-indexed scaffoldimgtions and mechanisms, the higher-order
reasoning skills supported, and relationships betwbke reported scaffolding features and
reasoning skills.

Tables 2.2 and 2.3 list the propositions derivedifiprevious research. The fixed
scaffolding propositions were organized by funcsiamd mechanisms to address established

instructional goals, while the dynamic scaffoldprgpositions were organized by scaffolder,



19

suggesting approaches to address learning goakseols emerging from dynamic interactions.
The following section discussed each propositianguempirical examples to illustrate how they
were applied in various domains to support highdeoreasoning.

Table 2.2

Fixed scaffolding propositions

Functions Directive Scaffolding Propositions Supiver Scaffolding Propositions

Procedural Proposition 1: Use directive procedural Proposition 2: Use supportive procedural
scaffolds to support requisite step-by-stegcaffolds to support self-regulation of
reasoning. intended reasoning.

Metacognitive  Proposition 3: Use directive Proposition 4: Use supportive
metacognitive scaffolds to support metacognitive scaffolds to support self-
monitoring of intended reasoning. regulated reasoning.

Conceptual Proposition 5: Use directive conceptual Proposition 6: Use supportive conceptual
scaffolds to support reasoning with scaffolds to guide self-regulated problem
requisite domain knowledge. analyses.

Strategic Proposition 7: Use directive strategic ~ Proposition 8: Use supportive strategic
scaffolds to support synthesis across  scaffolds to support reasoning for self-
perspectives. regulated problem solving.

Table 2.3

Dynamic scaffolding propositions

Scaffolder Scaffolding Propositions

Instructor Proposition 9: Use dynamic teacher
guidance to as alternative reasoning
support.

Peer Proposition 10: Use peer interactions to

enhance reasoning through exchanges.

Proposition 1: Use directive procedural scaffoldssupport requisite step-by-step reasoning.
Learners, who characteristically possess limitetaicognitive facility related to higher-

order reasoning (Bransford, Sherwood, Vye, & Rie$886), often require procedural support
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during problem-solving analysis, generation, anal@ation. Researchers have provided
directive, procedural scaffolds to structuralizariers’ problem solving with successive support
for analytic, generative, and evaluative reasonigand Land (2003) scaffolded
undergraduates as they solved an information sydesign problem by categorizing procedural
guestion prompts into problem representation ($Mpat information do you need for this
system?), generating solutions (e.g., What shdwdaystem do?), and making justifications
(e.g., How would I justify this specific system ag¥?), which guided students to identify the
problem space, plan and articulate solutions, astify with grounded arguments. Similarly,
Choi and Lee (2009) scaffolded preservice teadeosigh stages involved in analyzing
problems, creating solutions, and making decistoreldress classroom management problems.
They supported analytic reasoning by directingstivelents to consider multiple stakeholders’
perspectives (e.g., principals, teachers, and pgresith their underlying assumptions. Saye and
Brush (2002) designed and modeled a storyboardl&enhat engaged 11th graders in
generative and evaluative reasoning of a socidiesyproblem by prompting to develop possible
actions, examine positive and negative consequeandsefend the best action to the problem.
These findings indicated that scaffolding explpribblem-solving steps can reduce novice
problem solver’s cognitive load and focus attentorhigher-order reasoning processes,
including analyzing problem space operators andceted perspectives, generating multiple
possible solutions to address the problem, andiatiah alternatives to determine and justify the
solution plan.

Proposition 2: Use supportive procedural scaffdodsupport self-regulation of intended

reasoning.
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Directive procedural scaffolds help to regulateldener’s problem-solving process, but
when used exclusively, may engender piecemeal appes by emphasizing individual
reasoning steps (Davis & Linn, 2000). In contraapportive procedural scaffolds afford
learners’ control over reasoning processes by gnogiguidelines rather than as mandatory
directions. Ge, Chen, and Davis (2005) providedgdaral question prompts to scaffold novice
instructional designers during needs analysis,(Bg.you think the provided information is
sufficient? What information do you need to finddWhat specific questions should be
asked?). They compared a question-elaboration tondduring which participants were
required to respond to every prompt, with a quesgoidance condition, during which
participants were prompted by rather than requivezbnsider the guiding questions.
Participants performed comparably in identifyingtéas and constraints, exploring need-
assessment plans, and justifying solutions, eveenvithey used question prompts intentionally
to monitor their problem-solving process. Modeliagpportive procedural scaffolding designed
to promote purposeful completion of reasoning stbps also been studied. While scaffolding
6th graders as they solved a science problem, S&dand Liu (2002) employed videos
illustrating expert modeling cognitive processesrmyuconsecutive problem-solving stages,
including differentiating relevant information, siaesizing evidence to form hypotheses, and
developing solution plan with rationale. The tramgést indicated a positive impact for
modeling on students’ information identificationdagolution justification skills, indicating
sustained evidence of the modeled reasoning preseSsipportive procedural scaffolds partially
transferred regulatory responsibilities to learrgrembedding intended reasoning processes in
procedural guidance while promoting self-regulateglementation of important higher-order

reasoning strategies.
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Proposition 3: Use directive metacognitive scaféaid support monitoring of intended
reasoning.

Procedural scaffolds, directive or supportive, mayelicit reasoning skills when they
are ignored, misunderstood, or otherwise comprahalsging implementation (Greene & Land,
2000; Oliver & Hannafin, 2000). Directive metacagre scaffolds can be integrated to promote
scaffolder-driven monitoring of intended reasonagvities. Ge and Land (2003) supplemented
procedural question prompts with directive monngrand evaluation prompts (e.g., Are there
alternative solutions? How are they compared wiyhpnoposed system?) designed to remind
students to consider alternatives during generaimcomparing solutions. Likewise, while
scaffolding 6th graders’ science problem solvingluBand Pedersen (2010) mixed procedural
prompts (e.g., What is the possible solution topifmblem? What is your evidence to support
your solution?) with monitoring prompts (e.g., suy evidence appropriate for the problem? Is
your evidence enough to convince someone of ydutisn?). This approach yielded superior
competence in identifying alternative solutiondysgantiating ideas with evidence, and
evaluating pros and cons of solutions than studamlisreceiving procedural prompts. The
above findings indicate that directive metacogeitseaffolds can highlight the desired reasoning
embedded in procedural support and prompt leatoarsnitor depth of reasoning as they
respond to procedural scaffolds.
Proposition 4: Use supportive metacognitive scaffdb support self-regulated reasoning.

Supportive metacognitive scaffolds are designgatémnote transfer of regulatory
responsibilities to learners. Previous researcltatdd their promising effects for planning,
monitoring, and evaluating higher-order reasoningtsgies and processes during self-regulated

problem solving. In Davis and Linn’s (2000) studye group of 8th graders received self-
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monitoring prompts for planning (e.g., In thinkiagout doing our design, we need to ...) and
reflection (e.g., Our design could be better if wg before and after using procedural activity
prompts to solve real-world science problems. Esearchers reported that supportive
metacognitive prompts more likely than activity4pipirompts to result in retrieval and
integration of scientific principles when genergtand justifying solutions. Similarly, Wolf,
Brush, and Saye (2003) provided supportive metategrprompts to summarize progresses and
plan future activities to support 8th graders’ seljulatory social studies problem solving. Their
findings indicated that the students better plartnadentify and differentiate information and
assessed progress using a step-by-step problemgahodel. Moreover, with the advent of
computer supported collaborative learning, constriaased message types were used to assist
self-regulated problem solving in groups (e.g., @donassen, 2002; Ng, Cheung, & Hew,
2010). Oh and Jonassen (2007) defined intendedngasactivities as message types (e.qg.,
What information do | need to solve the problem?a?\8hould | do about it?). They also
provided type-related hints (e.g., How do | define problem? What are possible solutions?) to
scaffold preservice teachers’ online discussioadress student behavior problems. As
participants were prompted to determine the mostaiate type of argument to make and to
monitor responses with hints, they performed s@péa controlled groups in generating and
assessing alternative hypotheses.
Proposition 5: Use directive conceptual scaffoldstipport reasoning with requisite domain
knowledge.

Typically lacking well-organized and structurecblriedge, novices experience difficulty
retrieving relevant knowledge needed to detedtatiinformation (Bransford, Brown, &

Cocking, 2000), leading to superficial problem es@ntations. Directive conceptual scaffolds
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can be used to enhance analytic reasoning by fogasiention on important concepts prior to or
during problem identification. Chen and Bradsha@®0@) designed knowledge integration
prompts requiring undergraduates to critique, priet; and explain key concepts before solving
an educational measurement problem. Students regalirective prompts were more
successful in identifying critical concepts andatignships while analyzing and organizing
problem elements. Bulu and Pedersen (2010) embettiadin-specific knowledge concepts
into procedural question prompts to guide 6th gmtieanalyze a novel science problem (e.g.,
What does Akona need to survive? Think about tbes fimcluding body, food, habitat,
dwellings, communication, and technology). Theyorégd that the domain-specific prompt
group outperformed those without conceptual promybtsn identifying relevant information
needed to represent the problem. Likewise, whidfaling a 5th-grade sciend#ebQuest
MacGregor and Lou (2005) embedded data collecttompts (e.g., habitat of endangered
species, reasons for engendered status) and aptanapping template to highlight key
connections between relevant data and major cosicefbectively supporting students as they
identified and organized science information. Thgetthese findings suggest that directive
conceptual scaffolds may be important to comperfsatanited domain knowledge by
amplifying key concepts, information, and organmaal structures, thereby enriching analytic
reasoning.
Proposition 6: Use supportive conceptual scaffatdsupport self-regulated problem analyses.
Novices often simplify or overlook problem analysiad tend to emphasize solutions
over analysis during independent problem solvirgr€R, Johnson, & Emery, 1995). Supportive
conceptual scaffolds highlight problem space opesab promote self-regulated identification

of knowledge or information. Zydney (2010) providedonceptual organizing template
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comprised of general operators (e.g., problem, thgsis, questions, and resources) and question
prompts (e.g., Problem: What issue(s) is your tlig/ing to solve What are your client’s
objectives and goals for this case?) to assist df@ttlers in analyzing and solving an air
pollution problem. Students using the template ed¢aignificantly higher than those who did not
in identifying problem-causing factors from mulisdiplinary materials. Furthermore, Oliver
and Hannafin (2000) scaffolded 8th graders to satvearthquake engineering problem by
providing conceptual question prompts (e.g., Whdhe problem described by this evidence?
Why would this problem be difficult to keep fromgpening?) to support problem finding from
web resources. While they reported the studentsesstully identified premises and existing
solutions of the problem, students rarely considleestrictions or patterns during analysis and
failed to gather relevant data to frame the probderre the prompts were faded. This suggests a
sustained need for directive conceptual scaffoldintij independent evidence of internalizing
the scaffolding guidance. While potentially effeetifor eliciting self-regulated domain problem
identification, supportive conceptual scaffolds nb@ymore appropriate for learners with prior
knowledge to discover and attribute relevant infation to suggested problem space operators.
Proposition 7: Use directive strategic scaffoldsstgport synthesis across perspectives.
Novices try to solve problems prematurely by fongsen single representation and
solution rather than exploring alternatives (Sclieleln 1983). Directive strategic scaffolds cause
learners to examine multiple perspectives thaecethe complexity of ill-structured problems.
In Zydney’s (2010) study, in addition to the coneeyh template, video cases of experts offering
varying viewpoints toward possible solutions eneged students to examine a wider range of
disciplines (e.g., law, economics, environmentarste, and engineering) during problem

identification and hypotheses generation. Choilazel (2009) embedded different stakeholders’
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perspectives while scaffolding preservice teacteenalyze problems and create solutions, and
provided directions (e.g., Critically examine eatékeholder’s perspective by considering ...)
and prompts (e.g., Considering these constraintiseomultiple stakeholders’ perspectives, how
would you expand your view of the problem?) asdediavith reasoning from multiple
perspectives. Scaffolded preservice teachers ceresldliverse perspectives and alternatives to
solving problems during the study as well as oraadfer test. Directive strategic scaffolds,
therefore, may stimulate consideration of altexgaperspectives by providing strategic
resources related to the problem, and promote egigtlduring analytic and generative
reasoning.

Proposition 8: Use supportive strategic scaffoldstipport reasoning for self-regulated
problem solving.

Supportive strategic scaffolds guide learnerdiag apply or adapt ideas derived from
analogous cases. Demetriadis et al. (2008) scaffalsthdergraduates’ software management
problem solving with “observe-recall-conclude” gti@s prompts (e.g., In what other case do
you recall having encountered similar project depgient problems? What are some useful
implications for the successful development of @gqmt?) and a “case archive” link designed to
help students identify connections to and draw ioagions from advice cases. They reported
significantly higher scores in identifying problendicators and suggesting resourceful
alternatives during a transfer task for the scd#dlgroup. Similarly, to scaffold preservice
teachers’ technology integration, Kim and Hann&2@11) provided a case-based activity tool
comprising experienced teachers’ technology integrgractices with guiding questions to
assess and extract key ideas. Preservice teadeetsied student characteristics from expert

cases to guide lesson planning and resource seleatd integrated technology in a variety of
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learning activities based on its identified roleducation. In contrast, Hernandez-Serrano and
Jonassen’s (2003) study featured a case libraigmkss to facilitate undergraduates’ food
product development problem solving; however, gmificant impact on reasoning was
reported. They underscored the importance of sichfip to connect local problems with case
examples. While potentially off-setting the inflwenof limited prior experience with analogous
cases, supportive strategic scaffolds may pronateegulated reasoning by guiding learners to
study and utilize exemplary cases illustrating reoyperts identify and solve similar problems.
Proposition 9: Use dynamic teacher guidance to lgeraative reasoning support.

Teachers and live agents are able to interacthedtimers dynamically to identify gaps in
reasoning and provide directive or supportive stdff. Yelland and Masters (2007) scaffolded
primary school children’s mathematics problem savihrough participative demonstration,
during which students were guided to consider gamwledge, give all possible solutions, and
critically evaluate each solution based on taskiregqments. During independent problem-
solving task, the teacher prompted student paigs, (s there are better way to do this?) to
monitor and evaluate their solution plans and mpoa# needed. Students that were scaffolded
demonstrated more advanced understanding of tliegoncand were efficient in converging on
optimal solutions. Lajoie et al. (2001) examineg@ementary teacher guidance while 9th
graders were provided a fixed scaffolding tool imgdose digestive system problems. The
teacher prompted students to retrieve knowledgeequn (e.g., Remember we talked about
peptic ulcers) and solicited important items tossdar when making a diagnosis, allowing
students to better understand and define the prolilgeene and Land (2000) examined
instructor-student interactions while assistingspreice teachers as they planned lessons

designed to integrate web resources. Instructostopreng (e.g., How does it address learning?
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Why would you use that?) was found to strengthstifjcations and induced students to
confront rather than ignore confusion or inconsistes. Thus, dynamic teacher guidance may
direct learners to relevant knowledge conceptsijuime to enhance analytic reasoning, as well
as to provide metacognitive questioning designddster evaluative reasoning of identified
factors or hypothesized solutions.

Proposition 10: Use peer interactions to enhanaesoning through exchanges.

Peer interactions offer the potential for dynasdaffolding through reflective social
discourse (Lin et al., 1999). Learners negotiatamregs, exchange explanations, and offer
viewpoints to solve problem in collaboration (Gd.&nd, 2004). Peer questioning may serve as
metacognitive scaffolds to externalize and ampkfgsoning. In Uribe, Klein, and Sullivan’s
(2003) study, computer-mediated interactions withjads of Reserve Officer Training Corps
students (e.g., requesting information or clartfma responding to questions, and discussing
solution opinions) improved understanding of mritaersonnel problem and elicited additional
solution options than students working alone. Sirylamong younger learners, peer
guestioning yielded comparable outcomes when pairgdteacher guidance. Gillies and Khan
(2008) trained teachers to facilitate 5th-6th gradéialogic questioning during collaborative
problem solving (e.g., seeking or providing infotraa, opinions, and explanations) which
improved student consideration of alternative psajans and consequences, as well as
synthesis, evaluation, and justifications. An al&ive form of peer interaction involves sharing
strategic ideas and perspectives. Greene and R&@d) reported that the availability of
different perspectives within collaborative groygwsempted preservice teachers to explain and
justify teaching approaches. Similarly, collaboratpeer groups in Ge and Land’s (2003) study

initially considered a variety of factors and infation for brainstorming and selecting
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solutions. Therefore, varied perspectives from jpgeractions could support multiple problem
representations, solution exploration, and decisiaking.
Implications

The framework and propositions, derived from theoand research, should extend
understanding of and provide guidelines for scdffa the solving complex problems. The
analytic, generative, and evaluative reasonindsskilthis framework can be contextualized in
various problem-centered learning domains (cf. MgR002) to establish performance goals
and identify zones of proximal development (ZDPyqutsky, 1978) to ground scaffold
reasoning.

The integrated functions and mechanisms offer ef@edesigning scaffolds to address
situated reasoning gaps. Educators and researtlagrsonsider scaffolding from three
perspectives: 1) fixed vs. dynamic scaffolding gsses; 2) directive vs. supportive mechanisms;
and 3) procedural, metacognitive, conceptual, aradegjic functions. For example, to support
novice problem solvers, fixed, directive procedunadl conceptual scaffolds may guide
reasoning explicitly to prompt knowledge retriewalintegration, whereas intermediate learners
may benefit from supportive scaffolding that grdtutransitions to self-regulatory roles.
Practitioners’ may apply scaffolding differentiatly promote learners’ reasoning while
minimizing extraneous cognitive overload (Chen &éshaw, 2007). Researchers’
investigations could extend by addressing spesdaffolding propositions to refine or validate
based on empirical evidence.

Furthermore, the strategies used to calibrate ane $caffolds, are often overlooked by
current scaffold designers (Puntambekar & Hubs@@5). The framework is not intended to

provide “permanent” problem-solving scaffolds, bather to guide designers as they promote
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self-regulated higher-order reasoning. Transitigrinom directive to supportive scaffolding
while applying the four scaffolding functions, esitt in fixed scaffolding propositions, could be
useful to fade non-adaptive scaffolds. Reasonipg géagnosed during progressive scaffolding
could be used to adjust directive or supportivéfettss associated with different functions. The
challenge lies in fading or calibrating scaffoldsstit learners’ evolving and individualized
ZPDs.

Further research is needed to validate and refi@sc¢affolding propositions and to
explore the influence of integrated applicationsaaalytic, generative, and evaluative reasoning
skills across problem-solving contexts. What reaspskills do learners demonstrate before,
during, and after scaffolding? How do scaffold teas influence learners’ higher-order
reasoning? How can multiple scaffolding functioesittegrated to support ill-structured
complex problem solving? How can we transition ctike to supportive scaffolds to promote
self-regulated higher-order reasoning? How can eedfixed and dynamic scaffolding to
support comprehensive reasoning?

Design research methods (Barab & Squire, 2004peaised to investigate emergent
research questions via iterative design, implentiemtiaand evaluation of propositions and to
validate empirically-supported scaffolding prin@gpland strategies. Micro- and macro-design
cycles (Gravemeijer & Cobb, 2006) could supportdbaffolding process of ongoing diagnosis,
calibrating supports, and fading (Puntambekar & $t¢hier, 2005). Micro-cycles encourage
scaffolding higher-order reasoning through divgrsghlem-solving projects, which provide
opportunities to diagnose evolving reasoning skilld ZPDs, to select and orchestrate
appropriate scaffolding types, and to apply or &gdapffolding propositions based on

researchers’ conjectured instructional theoriesy@&meijer & Cobb, 2006). Macro-cycles,
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which encompass micro-cycles, could support retroispe analysis of scaffold effects for
eliciting and internalizing higher-order reasoningpich is needed to inform and refine emerging
instructional theories (Gravemeijer & Cobb, 2006).

To increase the legitimacy of evidence, mixed mashcan be applied to evaluate
scaffolding influences on reasoning skills withiicro- and macro-cycles (Johnson &
Onwuegbuzie, 2004). Qualitative interviews, obseoves, and think-aloud protocols (Ericsson
& Simon, 1996) of learners’ problem-solving proa@sprovide insights into reasoning activities
and scaffold utilization. Documented problem-safyprocesses and products may corroborate
interviews and observations and be codified anahtified using rubrics. Surveys may document
self-reported reasoning activities and attitudegta scaffolding interventions. Quantitative
evidence of scaffolding effects and qualitativesmeang themes may be triangulated (Greene,
Caracelli, & Graham, 1989) as further corroboratmmform scaffold design and framework
development.

Conclusions

While research on scaffolding ill-structured probleolving has grown, further studies
are needed to identify the effects of differentfledding types, functions, and mechanisms on
higher-order reasoning during problem identificatisolution generation, and decision making.
Empirical research, situated in ill-structured feag domains and involving iterative scaffolding
cycles, should provide evidence needed to validategeneralize design principles needed to
guide educators and researchers in to support@®wcbecome effective problem solvers.
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Abstract
This research examined the influences of scaffoidpreservice teachers’ reasoning while
solving technology-based lesson design problenaff@ds were based on an integrated
framework for scaffolding analytic, generative, anéluative reasoning during ill-structured
problem solving. The intervention was implemen®dluated, and refined through three
iterations. During Iteration 1, preservice teacltasonstrated limited higher-order reasoning
skills under procedural scaffolding but revertedh&dve reasoning when scaffolds were switched
or faded. During Iteration 2, preservice teachansllytic reasoning skills sustained and
improved while procedural scaffolds were reducedl metacognitive and conceptual scaffolds
were integrated, but their generative and evalaatasoning skills declined during the iteration.
During Iteration 3, where refined scaffolds werevpded incrementally, we integrated
procedural, metacognitive, conceptual, and stratiegictions. Preservice teachers demonstrated
progressively improved higher-order reasoning skilased on findings across iterations, we
generated design principles for scaffolding ane)ydenerative, and evaluative reasoning skills

during problem-centered learning.
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Introduction

Problem solving is an important educational goahfieaningful learning (Bransford,
Sherwood, Vye, & Rieser, 1986; Gagné, 1980; Jomad997; Mayer & Wittrock, 2006;

Merrill, 2002). Studies designed to scaffold noviearners to address ill-structured, real-world
problem solving have been reported, but few vadidatesign principles. Generalizable design
principles (cf., van den Akker, 1999) have not egedrbecause researchers apply diverse
scaffolding types (e.g., question prompts, messgeges, modeling, peer interactions, etc.) to
support various problem-solving skills (e.g., knedde integration, argumentation, cognitive
and metacognitive skills, problem-solving strategetc). Wide variations in research contexts
and populations may further limit the generaliziédpibf scaffolding principles. Design studies,
guided by, testing, and refining frameworks aredegleto validate the applicability of scaffolds
for local contexts while refining working theori@s., van den Akker, Gravemeijer, McKenney,
& Nieveen, 2006).

Educational technology courses, designed to prgpaservice teachers to teach with
technology, are ideal candidates for design rekeamcscaffolding problem solving. Although
today’s preservice teachers are often digital-eatithey lack knowledge, skills, and experience
in solving the “wicked” problem of technology intagjon by using technology to support
student learning (Koehler & Mischra, 2008; Lei, 20Russell et al., 2003). Currently, however,
such courses are often disconnected with real-weddhing and focused on personal
productivity and information presentation over lassroom technology-based teaching skills
(Gronseth, Bruh, Ottenbreit-Leftwich et al., 201Dgspite the growth of problem solving in
educational technology courses (e.g., Anderson &iltger, 2007; Lambert & Gong, 2010;

Mistretta, 2005; Park & Ertmer, 2008), the emphéasdten on cultivating positive beliefs,
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dispositions, and self-efficacy toward teachingwméchnology. Scaffolding principles and
strategies to support beginning preservice teacteasoning are rarely investigated.

Figure 3.1 depicts the theoretical framework thatlgd our initial scaffold design. This
framework was derived from theories and researchttat andhowto scaffold during ill-
structured problem solving and augmented and reéfineough iterative cycles of analysis,
design, and evaluation (McKenney, Nieveen, & vam Akker, 2006). According to theories
(Anderson et al., 2001; Bloom, 1956; Dewey, 193}iE, 1987; Guilford, 1967) and research
(Araz & Sungur, 2007; DeYoung, Flanders, & Peter&f®8; Shin, Jonassen, & McGee, 2003),
higher-order reasoning skills are essential to ss&ftl problem-solving performandenalytic
reasoninginvolves identifying stated and unstated elemantle problem space (Jonassen,
1997; Voss, 1988) in order to create representafi@Geol & Pirolli, 1992)Generative
reasoninginvolves further hypothesizing causes and solstidonassen, 1997; Sinnott, 1989)
and developing products to address the problem €K&p02) Evaluative reasoningvolves
judging the credibility and consistency of informoat (Mumford et al., 1991; Sinnott, 1989) in
order to evaluate alternative representations lotisas based on internal and external criteria
(Anderson et al., 2001; Bloom, 1956; Treffinger92y

Scaffolding interventions should support higheresreeasoning. Hannafin, Land, and
Oliver (1999) proposed four scaffolding functionkigh have been used to scaffold problem
solving. Based on these functions, we derived i@sef propositions to support higher-order
reasoning during problem solving. Procedural sddiffig, steps for completing a task (Sharma &
Hannafin, 2007), is designed to guide reasoninggs®es during problem solving.
Metacognitive scaffolding, which supports planningynitoring, and evaluating problem-

solving processes, promotes self-regulated reago@ionceptual scaffolding, which prompts to
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consider relevant knowledge, supports knowledgeeketl and integration to enhance reasoning.
Strategic scaffolding, which exposes learner tera#tive approaches, promotes consideration of

alternative perspectives or solutions.

What to Scaffold?

o lll-Structured RN
. Problem Solving Skills N

Higher-Order Thinking Skills
* Analytic Reasoning
Generative Reasoning
Evaluative Reasoning .

Scaffolding
Interventions

Scaffolding Functions
*  Procedural
* Metacognitive
e Conceptual

Strategic

How to Scaffold?

Figure 3.1.Theoretical framework guiding scaffold design.

Design research, therefore, can aid in refiningfslthng interventions for local
educational technology courses while informing gelieable theories for solving complex
problems (Barab & Squire, 2004). The purposesisfritsearch included a pragmatic goal of
designing and refining scaffolds for improving mesce teachers’ problem-solving reasoning
during technology integration and a theoreticall gdgenerating scaffold design principles

transferable to other problem-centered learnindecds. Specifically, our design research
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problem is: How can we scaffold beginning presexvteachers’ higher-order reasoning in
solving the ill-structured problem of designinghaology-supported lesson activities?
Resear ch Design
Research Context

The current research was conducted in a typicatadnal technology course in a large
southeastern university of the United States. Stdode introductory educational technology
courses are required by 60% teacher preparatiagrgores across the country (Gronseth et al.,
2010). They are designed to guide preservice teatb@pply education-related technology
tools in classroom settings. Typical audiencesagnning preservice teachers who intend to
teach in K-12 settings but have little prior teachknowledge or experience.

The course instructor, who had six years’ expeeeasa middle school teacher and a
Master’s degree in instructional technology, hadrbgeaching this course for six years prior to
participating in this research. Audiences includadergraduate preservice teachers from a range
of teacher education programs as well as non-euciadajors interested in teaching or
technology. Prior to this research, the courseucstr noted that preservice teachers were asked
to design lesson activities to incorporate a paldictool learned without considering their
teaching context, which rarely occurred in realdd@ettings. She intended to promote “thinking
like a teacher” by engaging preservice teachesglecting and incorporating technology tools to
teach their intended subject areas and grade Iésieésdesigned the course to include two
components: 1) sessions introducing technolog)stosated to National Educational
Technology Standards (NETS) and 2) sessions ofjdieg) technology-supported lesson
activities to address NETS. This design researcusied on developing preservice teachers’

reasoning skills in solving technology-based lessesign problems. Over the course of the
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initiative, researchers collaborated with the ceunstructor by co-designing scaffolds, offering
instructional suggestions, and giving feedbackrayar after scaffolding implementation.
Intervention Overview

The course included three projects of designingrtelogy-supported lessons to address
different NETS (2007), including integrating techogy to promote Communication and
Collaboration, Creativity and Innovation, and @atl Thinking and Problem Solving. Prior to
each project, preservice teachers were introduzadotoblem context indicating the need to
address the targeted NETS by teaching with teclgyoldue to variations in preservice teachers’
majors and interests, subject areas and gradesleszk not specified in the problem, allowing
preservice teachers to situate it within their deaching context. At the beginning of each
project, scaffolds were delivered as a printedi@cteonic lesson design guide corresponding to
analytic, generative, and evaluative reasoningnhlyzing the teaching context, 2) generating
possible lesson ideas integrating technology, arev&8luating alternatives to select the best
lesson idea to develop. Scaffolding functions veaiectively used to foster reasoning
underlying those components, providing evolvingfedds across the three projects. The
instructor allocated 2-3 class sessions for eagjeqt, during which she facilitated reasoning by
explaining the scaffolds and expectations, giviRgneples and resources, as well as leading
discussions and offering individual assistancesé&mace teachers were required to document
their reasoning process in the lesson design gundedevelop a lesson activity with relevant
artifacts as the final product.

Methodology Overview
As shown in Figure 3.2, three semester-long itenatiwere conducted incrementally to

implement, evaluate, and refine the scaffolds aachéwork through macro- and micro-design
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cycles (Gravemeijer & Cobb, 2006). The three iterat were macro-cycles, during which the
entire scaffolding intervention was revised base@merging instructional theories and
empirical findings. The problem-solving projectgivim iterations were micro-cycles, during
which the scaffolds were adjusted based on tharelsers’ conjectured instructional theories
and preservice teachers’ performance. Two reseprestions were posed:

1. What analytic, generative, and evaluative reasoskilts did preservice teachers

demonstrate while designing technology-supportssides?
2. How did the scaffolding functions influence preseevteachers’ reasoning while

designing technology-supported lessons?

Iteration 1

Figure 3.2.Design research cycles.
Iteration 1
Research Design
The purpose of Iteration 1 was to design and etalseaffolds for developing and
internalizing reasoning skills in identifying, sefimg, and integrating appropriate technology

tools to teach. The course was divided into twdises: the first section involved workshops on



48

a variety of technology tools; the second sectimmsisted of three case-based lesson design
projects. The case stories (Appendix B) describictiious teacher’s challenges and goals of
teaching with technology, each of which were asged with specific NETS (Creativity and
Innovation; Communication and Collaboration; Catihinking and Problem Solving).
Preservice teachers adapted each case to theidetde¢eaching contexts and designed
technology-supported lessons activities. They cetepl the three projects consecutively, each
taking about one and a half weeks in duration.
Intervention

Lesson design guides were delivered through papesebworksheets (Appendix C). In
Project 1, before using the scaffolds, the preserieachers were asked to select a case-related
curriculum standard to teach in the lesson. Prae¢deaffolds adapted from the Creative
Problem Solving model (Treffinger, 1995) providée following reasoning steps: identifying up
to 10 challenges in the teaching context, sele@mgnderlying instructional problem to be
addressed, producing up to 10 technology-supptetstn ideas to solve the instructional
problem, selecting 5 criteria to evaluate the appateness of lesson ideas, using an evaluation
table to rate the lesson ideas based on criterthsalecting the best idea to develop a lesson
activity and artifacts. In Project 2, electronigsien of the procedural scaffolds were linked to
the course website as an optional resource tosiseedled, and metacognitive scaffolds were
designed to support self-regulated reasoning, dictu reflecting on the design process in
Project 1 (e.g., | did well in..., | had difficultiesith...), selecting curriculum standards and
planning for what to do in Project 2 (e.g., To itigneffective solutions to the instructional
problem, | need to...), and identifying evaluatioitesta of the final lesson activity. Apart from

the instructor’s grading rubric, scaffolds wereddadompletely in Project 3.
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Data Sources

Four preservice teachers who expressed intentconbe K-12 teachers were selected to
participate in the study. All were second year ugtieluates who had taken foundational
education courses but no methods courses. BranmibBasan were Middle Grades Education
majors focusing on Math and Language Arts respelstiLily was a Communication Science
major and intended to teach speech in elementéuigosclJohn was a Foreign Language
Education major and planned to teach high schoahSp. Only Susan had observed and
facilitated classrooms she intended to teach. Aleng semi-structured interview (Appendix D)
was conducted with each participant at the end@semester, during which they reflected on
their reasoning process during the three proj@ttsir lesson design guides were collected as
document data for analysis.
Data Analysis

The interview data were sorted and analyzed byept@nd triangulated with the
document data. Coding categories reflected theyagafjenerative, and evaluative reasoning
skills and procedural, metacognitive scaffoldingdtions. Data related to preservice teachers’
reasoning or actions were initially coded into legbrder reasoning categories. Comments
related to using scaffolds were coded with spesit@ffolding functions (e.g., procedural
scaffolding, and metacognitive scaffolding) or gaheategories (e.g., scaffolded analysis,
scaffolded ideation, and scaffolded evaluationjeAinitial categorizing, codes within category
were generated through open-coding and constanpaxasons (Glaser & Strauss, 1967). For
example, data under the “analytic reasoning” categ@re further coded into “analyzing

problems”, “identifying standards”, “exploring tewblogy tools”, etc. For each project, themes
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of reasoning skills and scaffolding influences wgeaerated within and across preservice
teachers.

Findings
Project 1

All four preservice teachers started the projecsélgcting a curriculum standard relevant
to the case. Because the case focused on studemnlgthrough teacher-centered class
instructions, Brandon, John, and Susan identifiaddards that could not be taught through
lecturing. Susan commented on the reason for chgake language arts standard of “letting
students engage with various forms of text and enading multimedia”:

They (students) couldn’t do multimedia if | lectucethem [because] that's kind of a

hands-on computer type of thing you do.

After identifying standards, all preservice teashfeicused on the “lecture-based classroom”
aspect of the case. No participant considered pnablinvolved in promoting the NETS
(Creativity and Innovation) in teaching.

Susan and Brandon considered different technologlg and proposed multiple lesson
ideas to address the problems and standards. Howelyeand John completed the scaffolds
using their own strategies. They both generate$soh idea for a preferred technology tool. For
example, John decided to use “head phone” to dautio activity” for a high school Spanish
class, because he had seen the tool in high sbhbalas not able to use it as he wished. He
failed to integrate a technology that was introduiceclass.

During evaluation, Susan “went through [the evatratable] and rated all of my

solutions” and “took the solution that really adsled all of the criteria the best.” For Lily and
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John, evaluation confirmed their already-made daass As John commented, “I didn’t mind
doing this step just because | want to make swaewhs the right way to go.”
Project 2

During the second project, no participant refetaethe procedural scaffolds from Project
1. Three preservice teachers focused on a singldgm based on prior experience. Brandon
stated the problem “was more about higher-achiesindgents versus lower-achieving students.”
Growing up as a high-achiever, he felt it unfaatttower-achievers be grouped separately. He
proposed that higher- and lower-achievers collalearagroups to solve math problems and
identified a corresponding curriculum standard.

All preservice teachers generated solutions e&udgan, Lily, and Brandon quickly
decided what to do and supplied details. Neverfiseline metacognitive scaffolds helped John
to reflect on the early decision he made in Prdlethus, he planned to explore multiple tools
and lesson ideas in Project 2:

[In] Case one (Project 1) | chose my technologst fand one of my difficulties was

taking my focus off what tools that | wanted to tssolve my problem... One of the

things | had written [in planning] was [to] recoder: How each technology tool | have
used can be used in more than one way? ... Whabamdifferent ways that these
students would complete these standards?
However, his generative reasoning reflected pritpéinear, evaluative searching for “the best
way” to teach the standard.
Since all preservice teachers had determined ladsas after generating solutions, their

evaluation confirmed initial lesson decisions. Example, Susan reported evaluating



52

“informally in my head”, ensuring that her intendedson idea met the identified evaluation
criteria.
Project 3

The preservice teachers focused on completingrthjeqt rather than solving a lesson
design problem. Since the case required adaptirexiating or creating a neWebQuestLily,
John, and Susan started by searchinfMfebQuests their subject areas and grade levels; none
identified curriculum standards or instructionablplems. They focused on finding an existing
WebQuesthat could be adapted to meet the project req@ntsn

Because alternatives were not considered, thempresaeachers rarely engaged in
decision making but focused on producing detailly. and Susan adapted selectwdbQuestto
meet the NETS and the instructor’s rubric. Brandeweloped his owlvebQuestrom scratch
because he only found one candidate to adapt.

Implications

The procedural scaffolds supported Brandon andr&saasoning in Project 1 as they
identified instructional challenges and problemmegated multiple lesson ideas, and evaluated
possible ideas using criteria. However, selectimgiculum standards prior to using procedural
scaffolds may have limited scaffolding effects.ntiying challenges was expected to promote
divergent problem-finding (Treffinger, 1995) to tegtdefine the instructional problem.
However, the preservice teachers were focused oidiag the lecturing-based teaching problem
when selecting a relevant curriculum standard, Wwkeemed to minimize their problem
analysis. Since John rarely followed the reasostegs, convergent problem-finding may have
limited divergent production (Guilford, 1967) ottenology integration plans and opportunities

for evaluative reasoning.
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The metacognitive scaffolds in Project 2 had littltuence on promoting or regulating
higher-order reasoning. As the procedural scaffaleie only used for a short period, the
preservice teachers did not appear to recognizetéieded reasoning skills through reflection
and relied on individual depth-first problem-solyistrategies common among novices (Perez,
Johnson, & Emery, 1995). Based on Project 1, tlegrchined instructional problem,
curriculum standard, lesson activity, and evaluatioteria, but rarely attended to underlying
reasoning process. Interestingly, John recognieddnvergent approach in Project 1 through
reflection and, to some extent, demonstrated opeaded reasoning strategies in Project 2.
However, his reasoning still required proceduratignce.

The depth-first approach became increasingly evitteRroject 3 when scaffolds faded
completely. The preservice teachers failed to eagagnalysis or evaluation, instead focusing
on producing a final product. Reasoning skills ohed, indicating that scaffolding may need to
be available and utilized over longer periods tcamee internalized.

Iteration 2
Research Design

Iteration 2 was conducted in a shortened semeastefine the procedural scaffolds,
adjust the fading process, and integrate multipégfelding functions tentatively. The course
structure remained similar to Iteration 1 exceptdoanges in the project contexts. The case
stories were revised to increase descriptionsablpmatic learning activities while avoiding
clear indications of problems (Appendix E). Thetiastor switched Projects 1 and 2 cases since
preservice teachers were familiar with the Commation and Collaboration NETS and better
able to focus on reasoning from the beginning. [Eeson design guides were delivered through

Google DocgAppendix F).
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Intervention

Informed by Iteration 1, the procedural scaffold=@revised in three ways. First,
identifying curriculum standards was included asftlst reasoning step. Preservice teachers
were prompted to identify a curriculum standarcureng the NETS (e.g., Communication and
Collaboration) and justify their selection. Secotadenhance analytic reasoning, problem-
finding directions were revised by prompting pregmr teachers to identify challenges from
NETS and content learning perspectives (e.g., TaAbdut what specific challenges, in terms of
communication and collaboration, you might medemching this standard.). Third, to promote
divergent productions, preservice teachers werewaged to list and number lesson ideas they
were able to generate.

To reduce the procedural scaffolds progressivil same reasoning steps were provided
in all projects, and preservice teachers were requbd complete every step in Project 1 and four
major steps in Projects 2 and 3: selecting cumitustandard (required), identifying
instructional challenges, framing the instructiopadblem (required), generating lesson ideas,
identifying evaluation criteria (required), applgicriteria to evaluate lesson ideas, and designing
lesson activity and artifacts (required). Pres@rv@achers, however, were able to use the
optional steps.

To integrate multiple scaffolding functions, in et 2, metacognitive prompts were
provided before procedural scaffolding to suppodlgetting and planning (e.g., In my opinion,
a good lesson designer is..., How can | help my taagdiences learn?). In Project 3, conceptual
prompts were added to promote consideration of kedge and experience with the NETS (e.g.,

Self-evaluate your own understanding on “criti¢ahking” and “problem-solving” skills.). All
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three projects offered strategic scaffolds by sstigg sample lessons in the textbook during the
step of generating possible lesson ideas.
Data Sources and Analysis

Two preservice teachers who indicated intent toltea K-12 settings participated:
Claire, a second year Early Childhood Educatioromdjad taught an eight-week crafts class in
a preschool enrichment program; Jamie, a third Yeahnology Education major, had observed
and taught one lesson in a high school technoltagsauring practicum. Prior to this course,
each had only taken foundational education couBata collection (Appendix G) and analysis
from Iteration 1 were again applied.

Findings

Project 1

Both preservice teachers identified curriculum ggads, explored, and defined
instructional problems. Claire selected a mathdseshfocusing on using graphs to organize and
display data and explained the need for collabonatthe identified NETS-related challenges
from the case (e.g., students “moving off task” &a#le-charge students” dominating group
work) and defined the problem as students becoutisigacted by off-task activities. Jamie
selected a “beginning level” standard of technologsgriculum and focused on student difficulty
accessing online resources based on his practigperience. He did not analyze the problem
from the NETS (Communication and Collaboration)sperctive but “decided to address the
problem that | faced.”

Both generated three lesson ideas integratingrdiftdechnology tools. Despite an initial
tendency to converge on a single idea, Jamie reghdinat directions for generating lesson ideas

forced him to think of alternatives:
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When | selected one idea, | really like it. | wamuse that idea and | tend to shut down
there ... Because we were in this class, | knowlthat/e to give more solutions than just
one, for it (directions) says “number each solwipmhich suggests that there would be
more than one. The directions actually list “lisuly solutions”.

Each identified and applied criteria to evaluaiitlesson ideas. Claire commented,
“The criteria really make me focus on what wasrtiest important in learning this subject, this
standard, because it wasn't just coming up withraelésson.” Interestingly, both reported
developing a lesson different from their prefendsh. Jamie changed his mind through
evaluation:

| actually | thought another one (lesson idea) wWauin. And then when | applied to the

criteria | was just like, well, that's not as goasl | thought was going to be.
Project 2

The metacognitive prompts scaffolded the presen@aehers to establish design goals
based on personal experience. As a gifted studefitli2 schools, Claire reported being “super
excited” about the NETS (Creativity and InnovatidBpe wanted her lesson to be “a little more
outside of the box than the previous one.” Infeeohby his practicum, Jamie defined a good
lesson designer as someone “knowledgeable of \wbatdtudents are capable of” and decided
to design a lesson that will “allow students tdifiutheir potential.”

Both explored and identified instructional probleraekted to their goals. After selecting
the American Revolution, a standard that she betlevould accommodate creativity and
technology, Claire focused on how to “help studattsorb, apply, and think in new ways” about
the standard. Again, Jamie did not analyze fronrNB&S perspective. Because he initially

decided to reuse the lesson on “inventions” tapgeviously during practicum, his instructional
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problems were “problems | encountered during ossda”, concentrating on how to set
appropriate requirements to “stretch their (stusi¢timitations,” which was consistent with his
goals but not closely related to creativity andowetion.

Both engaged the optional step of brainstormingtigialsolutions but did not clarify
how to teach with technology. Claire listed thresslbn ideas but none specified technology tools
or how to integrate (e.g., “Students will make wg®n the people of the Revolution”).
Likewise, Jamie only mentioned using technologyddtnot specify its role in learning (e.qg.,
“Allow students to develop rubrics as a class baseuh class discussion. Have them generate
rubrics at their computer stations.”).

Claire identified multiple evaluation criteria, bditd not apply them to her lesson ideas.
She chose students writing newspaper articles aametrican Revolution because it “helped
bridged all of those areas that they had to leatin the standards.” Her rationale was related to
one of her criteria: “Is the solution applicabldearning the required GPS standards?” Jamie
favored the idea of students developing a rubrguide their project. He rated the possible ideas
but reported, “I kind of made it (the preferredagiéitted into my criteria.”

Project 3

When prompted to consider knowledge and experiesitecritical thinking and problem
solving, both identified curriculum standards anstiuctional problems relevant to the NETS.
Claire chose European exploration in North Amehbeaause she believed students “need to
really understand the reasons, obstacles, and g@lisbiments of each of the explorers.” She
identified the problem as helping students devé&doirm understanding [by] using technology
with critical thinking instead of to find out badects.” Jamie focused on teaching engineering

design process which involved problem solving. Altgh he continued to identify problems as
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stemming from practicum, he adopted the problemisglperspective associated with the
NETS. He stated:

The instructional problem | chose was that studesats't work through the problems on

their own. They will ask me for help and they veilpect me to give all the answers ... If

they do not find the answers on their own, they mot be learning problem solving.

Both generated multiple lesson ideas, but themsdeere less concrete than Project 1.
They described the end-product expected from stadrrt did not describe how to help students
to create those products. Although Jamie considgpedific technology tools, he listed his
lesson ideas as “Develop a cl&gii on the engineering design process.” Claire did not
determine the technology tool she would integratgead used phases such as “do a research
project” and “make &Vebquesbr something along those lines.”

Both identified evaluation criteria for promotingtical thinking and problem solving,
integrating technology, and supporting contentriewy. However, they did not apply criteria to
evaluate lesson ideas. Their decision seemed ittflbenced by the instructor’'s advocacy of
WebQuestJamie explained his decision:

| actually used the on&\(ebQueskesson idea) that she (instructor) suggested weSlse

told us this WebQuegtwas a good tool, so | should try to use it.

Implications

The procedural scaffolds in Project 1 supportedyicaeasoning to some extent and
supported generative and evaluative reasoningtefédg. The analysis steps guided Claire and
Jamie to select curriculum standards, exploreuntitnal challenges, and frame problems.
Claire was prompted to consider NETS (Communicagioth Collaboration) while identifying

standards and challenges, but neither participeimiet a problem related to communication and
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collaboration. Nevertheless, the revised directiongenerating divergent solutions appeared to
counter the tendency for convergent reasoning hcited multiple ideas with associated details.
Decision-making steps appeared to encourage presdeachers to select the best lesson idea

through criteria-based evaluation versus mainlgqeal preferences.

Although procedural scaffolds were reduced durirgdets 2 and 3, preservice teachers
continued to complete the optional steps to explwtuctional challenges and generate
alternative lesson ideas. This suggests that thaliscaffolds may be internalized to some
extent. However, preservice teachers may also speet less effort in divergent production,
given that lesson ideas contained less evidenterbhology integration. In Claire’s case, by
skipping the scaffolds to apply criteria for lessaluation, evidence of reasoning appeared to
decline: She identified criteria on multiple asgetiut her decision reflected a single criterion.
Unlike experts, novices’ reasoning skills are ypidally organized around “big ideas”
(Bransford, Brown, & Cocking, 2000) as newly desd skills are unstable (Oh & Jonassen,
2007). Some preservice teachers, such as Claigene®d sustained support for evaluation to
focus on all important criteria.

Metacognitive prompts in Project 2 scaffolded preise teachers to set general goals
that influenced problem identification and lesso®a generation. Claire applied those prompts
as intended because her goals were aligned witNETES (Creativity and Innovation). In
contrast, Jamie did not use technology to promiativity since his goal was only indirectly
related to NETS. Therefore, goal setting promptg need to be more contextualized.

Conceptual prompts for considering knowledge amkagnce with NETS (Critical
Thinking and Problem Solving) in Project 3 appedacedompensate the limitations of

procedural scaffolds to support analytic reasonBaih preservice teachers attended to and
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applied the NETS perspective to identify curriculatandards and instructional problems, not
previously evident.

Although strategic scaffolds were embedded, neplaeticipant referred to the textbook
samples when generating lesson ideas, perhap® dusdequate examples or incompatible
subject areas or grade levels.

Iteration 3
Research Design

During both Iterations 1 and 2, higher-order reaspskills decreased when procedural
scaffolds were reduced, which may negatively impaicire technology integration practice. The
goal of Iteration 3 was to sustain and increassquxéce teachers’ reasoning skills throughout
the projects. Since mixing procedural, metacogejtand conceptual scaffolds enhanced
reasoning in lteration 2, we further explored thegration of multiple scaffolding functions.

Since scaffolds were designed to prepare presete@mers, we focused on preservice
teachers who indicated interests in becoming enexaS&everal revisions were made to the
course structure and projects. Class sessionglirgnag technology tools and lesson design
projects were alternated during the semester. Befach project, preservice teachers were
presented with tools pertinent to the NETS. Sinmdaeaching environments were created to
provide ill-structured problem contexts typicaleseryday classrooms (Appendix H). Preservice
teachers assumed roles as classroom teachersngaeohnology-supported lessons on certain
subjects for their students. The instructor intimeiiwebsites with technology integration
lessons and allowed preservice teachers to cregiaa or adapt existing lessons for their

projects. Refined lesson design guides were #ivered througlGoogle DocgAppendix ).
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Intervention

Scaffolds were provided incrementally from Proje¢hrough 3 to progressively support
reasoning skills. Procedural, metacognitive, cotwia@por strategic scaffolds were incorporated
in the three projects based on previous findingsaur theoretical framework.

Project 1 featured open-ended scaffolding thandalied major steps but allowed
preservice teachers to decide reasoning strategfies steps. Conceptual prompts requested
attributes of the teaching context, including greelel, subject area, curriculum standard, and
NETS. Step 1 involved metacognitive prompts fotisgtgoals within the teaching context prior
to designing the lesson (e.g., What are the impbttangs that you need to consider as a
teacher, e.g. your goals?). Steps 2 to 4 providecdedural question prompts for analytic,
generative, and evaluative reasoning respectiwety,(What are the potential instructional
problems or challenges you would encounter?), artorelicit reasoning products without
indicating strategies. Links to websites with temllogy-supported lesson plans or educational
applications (e.gEdutopig Go2Web20andThinkfinity) were embedded in Step 3 as strategic
scaffolds. Step 5 required elaborating on the lesstivity and developing artifacts.

Project 2 included procedural and conceptual suppo scaffold intended reasoning
steps; strategic scaffolds from Project 1 weré athilable. During Step, reservice teachers
created a concept map to analyze the positivesagatives of promoting creativity in schools,
and were asked to identify instructional challendasing Step 2, the ideation table in Figure
3.3 was provided for generating possible lessoasd&he columnsreools Lesson Activitiesand
Challengesprompted essential components while hypothesiesgpn ideas, and the rows
encouraged production of different alternativeepS3 was scaffolded using the evaluation table

in Figure 3.4 to judge whether lesson ideas mettiteria for an effective creativity lesson by
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responding “yes”, “no”, or “maybe”. Preservice tears decided and justified the lesson idea

based on evaluation. Step 4 was the same as Stdprject 1.

Step 2: Innovation-in-Action
Brainstorm ideas for lesson activities and align them with the challenges they could address.

Tools Lesson activities Challenges
(brief ideas) (numbers)

Figure 3.3.Screenshot of ideation table in Project 2.

Step 3: Decision Making
Using the Characteristics of Effective Creativity Tasks listed on p. 129 in your textbook, give

each of your possible lessons a "yes", "no", or "maybe”. Then, select the lesson activity rated
the most "yes" responses.

Criteria Activity #1 Activity #2 Activity #3 Activity #4 Activity #5

Focuses on
content

Emphasizes
divergent
thinking

Incorporates
creativity
strategies

Provides
informational
feedback

Figure 3.4.Screenshot of evaluation table in Project 2.

Project 3 integrated additional metacognitive amaceptual scaffolds with structured
procedural scaffolds. Step 1 asked them to refleaeasoning strategies they would reuse or
change in Project 3 based on previous experienep.Sindicated content, pedagogy, and
technology factors to consider (e.g., What arectigacteristics of a good critical
thinking/problem solving lesson? How can technolpgymote critical thinking/problem
solving?) and suggested creating a concept mapatigze those factors. It also required

establishing instructional goals and identifyingesal standards based on analyses. Steged
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an ideation table similar as Project 2 but altehed*Challenges” column to “Curriculum
Standards” and reminded preservice teachers totke@pgoals in mind. In addition to the
strategic scaffolds from previous projects, theéruttor introducedQuestGarderas a resource
for WebQueslkessons. Step 4 used the same evaluation taBleogsct 2 without giving
evaluation criteria. Preservice teachers were ptecth identify their own criteria from Step 1.
They were also asked to rate their lesson ideasg @s#-point scale and justify their decision.
Step 5 remained same as Project 1.
Data Sources

Online surveys (Appendix J) to assess preservaEhts’ reasoning processes were
conducted at the end of each project; 86% undeugtad across four sections participated in
Project 1 survey; 78% participated in Project 2 88% participated in Project 3. The survey
guestions on analytic, generative, and evaluagasaning activities were based on findings
from previous iterations and comparable across adtrations. We eliminated survey
participants who indicated they did not intend écdime K-12 teachers. Among the remaining
survey participants, eight preservice teachers wticated they were very interested in K-12
teaching were selected to participate in the catale component of the study. Table 3.1
provides profiles of their background, educatia@irsework, and field experience. Qualitative
data per previous iterations were again collectgpéndix K).
Data Analysis

To triangulate across different measures, quavitand qualitative data were collected
immediately after each project (Greene, Carackligraham, 1989). The three surveys were
merged using anonymous ID number. To compare r@agskills across projects, we computed

analytic, generative, and evaluative reasoningesctar each projectby using corresponding
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survey questions triangulated with qualitative tkemANe then conducted repeated measure
analyses to examine changes in higher-order reagakills. We also ran a descriptive analysis
of survey responses to compare higher-order reagakills across projects. During mixed data
analysis, qualitative themes of each project weaagulated with repeated measure analyses
results and descriptive statics to seek convergandalivergence.

Table 3.1

Profiles of interviewees in Iteration 3

Preservice Educational
teachers Year Major Coursework Field Experience
Grace b\ Science education  Foundational Observing and teaching in preschool.

courses, subject
matter courses

Jason 3 Elementary school Foundational Volunteering at library working with
education courses children of different ages.
Jenny b\ English Foundational Interning in an 8th grade English class,
courses teaching three lessons.
Katrina 2¢ Social studies Foundational Teaching lessons in elementary
education courses classrooms during high school.
Maggie K3 Middle grades Foundational Observing special education
education courses, Methods classroom, teaching an 8th grade
courses language arts classroom.
Nora 3 Family and child Foundational Interning in a kindergarten classroom
development courses, Methods during high school, volunteering in a
courses high school special education class.
Rachel K] Early childhood  Foundational Teaching STEM in afterschool
education courses programs for 60 hours.
Sally 2¢ Family and Foundational N/A

consumer sciencescourses
education
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Findings

Project 1

Table 3.2 indicates that analytic, generative, @raluative reasoning scores were the
lowest in Project 1 (Ihaytic=8.11, F(2, 74)=30.68§=.000; Mzeneraive=6.87, F(2, 74)=37.581,
p=.000; Meyauaive=7.53, F(2, 74)=4.54'h=.014). Interviews and document analyses indicated
that the preservice teachers rarely followed thenegnded scaffolding steps but used their own
reasoning strategies.
Table 3.2

Repeated measure analysis across Projects 1 to 3

Repeated measure

Project 1 Project 2 Project 3 ANOVA
N=38 M SD M SD M SD F(2,74) p
Analytic 8.11 2.523 11.21 1.711 10.65 1.921 30.686 "000
Thinking
Generative 6.87 1.758 9.55 2.101 10.00 2.230 37.581 000
Thinking
Evaluative 7.53 1.928 8.13 1.877 8.66 2.057 4.547 014
Thinking

As preservice teachers specified curriculum stadsdand NETS initially, 73.6% decided
their lesson from the outset; 81.1% identified oi§ instructional challenges; and 86.8%
considered more than two possible tools.

Goal setting promptiailed to redirect interviewees’ tendency to rapigénerating
solutions. Seven of eight started the design psoagth a clear lesson idea in mind, and

emphasized the curriculum standards or proposetfpstrategies for communication and
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collaboration. To teach a kindergarten vocabultapdard, Nora stated goals with clear
indication of intended activities.

The students are able to work collaboratively alaas. Each student contributes newly

learned vocabulary to create an interactive clasalwulary book.

All interviewees analyzed instructional probleofisnd identified technology tools for
their predetermined lesson ideas. Rachel plannadda@mail to support an Indian Pen-Pals
project for 2nd grade social studies and questioffed | able to teach my students how to
email back and forth in a day?” When identifyinghteology tools, she commented, “I basically
had the lesson | wanted to teach down, so reallyad just trying to find what [tool] would help
that out.” She explored several email tools andd#etcto usék-mail which was “kids-safe
email.” Her analyses emphasized lesson detailgr#tian the lesson design problem.

During generative and evaluative reasoning s@&p4.% preservice teachers reported
generating 1-2 possible lesson ideas; 64.2% sel¢latdr initial preference; and 51% were
satisfied with the ideas they generated. HoweV&¥s preservice teachers indicated it important
to explore multiple lesson ideas though few did so.

Seven of eight interviewees focused on one ideasbendeveloped associated details.
Maggie gave a typical reason for failing to explalernatives, “Because | already knew what |
wanted to do, | didn’t bother looking for other arieAfter describing how to create and play a
Powerpointgame for a middle school social studies classnsited in her design document:

| knew that | wanted to utilize the above methatiss¢ribed in ideation step) ...So my

answer for this section (evaluation step) is bdlgithe same as above.
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Similarly, five of eight interviewees repeated ooyided further details of the preferred lesson
during the evaluation step, but offered no justificn. Interestingly, during interviews they
subsequently reflected on their project decisitMeygie stated:
| wasn't thinking very hard as a teacher ... | cduddve put a whole bunch of stuff here
(ideation step) and then minimize it ... | didn’t ls®ugh different options, because in
my mind | already knew [what | wanted to do].
Project 2
Table 3.3 indicates that preservice teachers’ éicaynd generative thinking scores
increased significantly from Project 1 to 2 {M\:ic=11.12, F(1, 41)=47.896=.000; Mzenerative
=9.50, F(1, 41)=58.659=.000). A moderate, though not statistically sigraft, improvement
in their evaluative reasoning scores was also ndfegLuaive=8.17). Interviews and document
analyses indicated that scaffolds were followedelpwhich improved reasoning skills.
Table 3.3

Repeated measure analysis of Projects 1 and 2

Repeated measure

Project 1 Project 2 ANOVA
N=42 M SD M SD F(,41) p
Analytic 8.24 2.516 11.12 1.670 47.896 .000
Thinking
Generative 6.76 1.736 9.50 2.039 58.651 .000
Thinking
Evaluative 7.52 1.916 8.17 1.847 3.126 .084
Thinking

Through concept mapping and applying the ideatitet 90.7% preservice teachers

identified 4 to 5 or more challenges of supportingativity in learning, and 90.7% considered 3
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to 5 or more technology tools. All interviewees lgmad instructional problems and technology
tools before designing lessons. Rachel reasoneddhrvarious factors inhibiting creativity and
also noted the challenge to “keep students focasdtie content, without hampering their
creativity. Jason identified five creativity toddy “exploring applications [from th&o2Web20
website] to see the positives and negatives.” Bezaurriculum standards were not scaffolded,
six of eight interviewees failed to identify anyesyfic standards.

Overall, 83.7% preservice teachers generated taore possible lesson activities by
using the ideation table. All interviewees brainsted ideas of teaching with the different
technology tools they identified, but did not spgdetails initially. Preservice teachers who did
not analyze curriculum standards tended to focugran using creativity tools than supporting
content learning. For example, Katrina’s “geneegsion plans” for high school history class only
applied the tool: “The students will pl&@yctionarywith [Microsoff Painton the projector to
review key terms.” Only Jason and Nora usedChallengesolumn of the ideation table to
address instructional challenges. The remainirgrwgwees’ challenges did not influence
ideation, but rather made them aware of potentegkmess or constraints.

All interviewees used the evaluation table to juddeether lesson ideas met the given
criteria. Maggie rejected her preference and setettte lesson idea that “had the most yeses™: “I
actually thought | was going to uddovie until | got to this part (evaluation step) aneéalize
that it (lesson idea) didn’t think about divergémnking.”

Still, overall 30.2% preservice teachers reporteding their decision based on initial
preference. During evaluation, Jenny reasonedigrapreferred idea had more thoughts thereby

meeting the criteria.
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| think | already knew | had tons of ideas for thgzzle Makingne (lesson idea). And
because of that | was able to think of everythlrgpuld think of how to focus on
content. | could pull it in the direction | wantgdo.
Her preferred idea, in effect, “had all yeses” #imas was the best choice. However, she did not
mention any evaluation criteria, and based hefficestion on a personal interpretation of
creativity in her subject area.
Project 3
As shown in Table 3.4, overall analytic, generatasaed evaluative thinking scores
increased significantly from Project 1 to 3 {M:ic=10.67, F(1, 45)=39.87®=.000; Mzenerative
=9.98, F(1, 45)=99.96®=.000; Meyauative=8.52, F(1, 45)=9.161=.004). Interviews and
document analyses revealed that the interviewdkesvied the scaffolds step-by-step and
demonstrated higher-order reasoning skills.
Table 3.4

Repeated measure analysis of Projects 1 and 3

Repeated measure

Project 1 Project 3 ANOVA
N=46 M SD M SD F(1,45) p
Analytic 7.96 2.440 10.67 1.851 39.876 .000
Thinking
Generative 6.80 1.772 0.98 2.124 99.960 .000
Thinking
Evaluative 7.48 2.041 8.52 1.941 9.165 .004
Thinking

By using analysis scaffolds, 95.7% preservice teecheportedly identified 3 to 5 or

more instructional goals or challenges; 89.4% idiedt3 to 5 or more possible technology tools.
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Interviewee responses indicated wider variety areatgr depth of consideration. All
followed the prompts to clarify lesson goals andrelteristics to address NETS (Critical
Thinking and Problem Solving). Six of eight inteswiees integrated textbook-based NETS
knowledge. Katrina’s goal emphasized having stugldobk at multiple sides of the issue
because that’s really what critical thinking isHi¥ definition was applied to identify several
middle school social studies standards:

The only thing | would say really help me decida ¢urriculum standards) was that they

could see dissenting information, see both sidesefssues.

Likewise, five interviewees identified curriculurtaadards requiring critical thinking or problem
solving prior to designing lessons. The other wwees, however, identified standards that fit
the lesson ideas they generated or adapted. A®fdsirace’s ideas were adapted from existing
QuestGarderor Thinkfinitylessons, she stated, “If you find a really greasdm that involves
critical thinking, then there’s going to be a stardirelated to it.” Four interviewees explored a
variety of tools. Jason decided to “seek diffemirces (of technology)” to “broaden my ideas”
and subsequently explored critical thinking toots the textbook, educational website, and
class resources. The remaining interviewees uses fimm the existing lessons they planned to
adapt.

Overall, 87.2% preservice teachers produced 3aiorbore original or adapted lesson
ideas using the ideation table; and 55.3% repditey did not converge on a single idea early in
the project. While reflecting on reasoning stragegvlaggie stated in her design document,
“Previously, | thought of exactly what | wanteddo and worked the lesson around the singular
idea. This time | hope to explore more ideas.” 8halyzed factors in concept map to guide

divergent production:
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| made sure | did a lesson that met a goal, aredihe the “goals (factor)” as educational,

flexible, they can use many points of view ... ThaisviheFacebookone (lesson idea)

... Then | came to the second one (factor), which thascharacteristics of good

problem solving lessons.” Given those charactesstvhat are some things we could do?

That's when | came up with students creatirRpaverpointgame regarding their

characters and traits and play a game as theiactear
Six of eight interviewees generated or adaptedsideaddress their initial goals, such as
integrating technology to support critical thinkiagd problem solving. Jason described:

What | did was | created basic ideas first, andtveack to them and saw if they match

the criteria that | was looking for. If they didnltwill try to edit them until they did.
All interviewees associated their lesson activitigth curriculum standards identified during
analysis as scaffolded by the revised ideatioretabl

By using the evaluation table, 78.1% preservieelers considered factors beyond initial
preference to select the best lesson idea; 71.#fed to instructional goals and 52.2% referred
to characteristics of effective technology-suppmitgtical thinking and problem solving lesson.
Six of eight interviewees were prompted to idengifyaluation criteria from analyses. Jenny said,
“I pulled from my brainstorming web again for theteria.” She incorporated one criterion on
“application, analysis, synthesis, and evaluatidrgin Bloom’s taxonomy in the textbook
identified as “good characteristics” of a critithinking lesson.

Six of eight interviewees reported making decisibpselecting the lesson idea rated the
highest on the evaluation criteria. Katrina rechlh®w she applied each criterion to evaluate the
possible lesson ideas and commented, “I reallytbatbcide which one should meet (criteria)

adequately and which one just kind of meets itveRnterviewees justified their decision by
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arguing that their selected lesson idea met thier@i However, Jenny and Grace adapted their

ideas from previously evaluated, existing lessaombwaere not able to base decision on the

evaluation table. Jenny stated, “None of them didhmeet a requirement that | wanted.”
Implications

Open-ended scaffolds had little influence on theservice teachers’ naive reasoning,
characterized by superficial analysis, depth-Bdttion, and lack of evaluation. The preservice
teachers generated lesson ideas after specifymiguum standards and NETS, thereby
indicating intended activities in setting lessomlgo The subsequent procedural steps, designed
to support reasoning for creating a lesson, etiaitiéferent levels of details about the initially
generated lesson idea. Technology integration wesysised as strategic scaffolds, served as
resources to stimulate convergent ideas ratheraliamatives. Progressively refined, however,
increasingly repetitive responses to procedurdfads prompted preservice teachers to reflect
on the weakness of their reasoning approach, whashan important step of learning to solve
problems (Kapur, 2008).

Structured procedural and conceptual scaffolds aepeto guide higher-order reasoning
process without increasing extraneous cognitivd.l@oncept mapping on the NETS (Creativity
and Innovation) topic, for example, deepened artatgasoning and helped preservice teachers
to identify related instructional challenges. TtHeation table scaffolded analytic and generative
reasoning in two ways. Thieoolscolumn encouraged preservice teachers to expiffesaht
tools and strategic resources before producingteskeas. Théesson Activitiesolumn elicited
brainstorming of multiple ideas to integrate tool$eaching. However, th&hallengescolumn,
designed to scaffold addressing instructional eimgiés, was misunderstood by six of eight

interviewees who repeated the challenges contamedch idea. Moreover, six of eight
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interviewees failed to consider curriculum standasthen generating ideas. Therefore, the
Challengesolumn was replaced with@urriculum Standardsolumn in Project 3, which
yielded desired results. In addition, the evaluataible scaffolded preservice teachers to apply
criteria to evaluate before selecting lesson idakkough not all decisions in Project 2 were
made based on evaluation, more preservice teaapplied criteria during evaluative reasoning
in Project 3.

Structured, procedural scaffolds that integratatteptual and metacognitive scaffolds
appeared to enhance preservice teachers’ higher-gedsoning. Reflection supported
knowledge integration (Linn & Hsi, 2000) by promqgipreservice teachers to reconcile naive
and guided reasoning approaches from previousgisogad to apply acquired reasoning
strategies in Project 3. Scaffolds designed tollghghkey concepts also improved the breadth
and depth of analytic reasoning by transitionirapfrdiscursive problem-finding to a variety of
interconnected factors. Clarification on those dexthelped preservice teachers to identify
appropriate curriculum standards, technology taasl, instructional goals. Reminders to
consider goals during divergent production helgesiciaffold ideation with analyzed factors.
Furthermore, the user-completed evaluation taldéaded individual self-regulated evaluative
reasoning. Preservice teachers identified their ostaria by referring to analyses and weighed
alternatives against criteria to select the optiest aligned with their lesson goals. However,
those who mostly adapted existing lessons basatrategic scaffolds may have engaged in less
higher-order reasoning, since their lesson desigk Wwas not as ill-structured as those generating

original lesson ideas based on analyses.
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General Discussion
This research was designed to both develop ameretaffolds to improve beginning
preservice teachers’ reasoning during technolotggnation and to extend the theoretical
framework underpinning the scaffolds. Three itenagiwere conducted to design, evaluate, and
refine the scaffolds based on conjectured and engengstructional theories (Gravemeijer &
Cobb, 2006). Figures 3.5, 3.6, and 3.7 plottedptieservice teachers’ analytic, generative, and

evaluative reasoning skills in each project onadesof 1 to 5.

4
3 1 .
== |teration 1
=fl—[teration 2
2 4
[teration 3
1
0
Project 1 Project 2 Project 3

Figure 3.5.Plots of analytic reasoning skills.
Notes:1 = Little, 2 = Limited, 3 = Moderate, 4 = Interdiate, and 5 = Satisfying analytic reasoning.

Analytic Reasoning
Initially during Iteration 1, the first two projectevealed limited analytic reasoning. The
preservice teachers rarely related instructionablems to the NETS. This may be a result of
attempting to address the lecturing-based teagtmoiglem when selecting a case-relevant
curriculum standard. Most failed to consider alédnre tools, and tended to use depth-first over

breadth-first reasoning strategies (Perez, Johi&&mery, 1995), especially when procedural
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scaffolds were removed. Nevertheless, John begarpiore multiple tools during Project 2
after reflecting on favoring one tool during Prdjéc Analytic reasoning skills further decreased
in Project 3 when scaffolds were faded complef€he preservice teachers rarely internalized

why, what, and how to analyze.

—¢—|teration 1

== teration 2

[teration 3

Project 1 Project 2 Project 3

Figure 3.6.Plots of generative reasoning skills.
Notes:1 = Little, 2 = Limited, 3 = Moderate, 4 = Interdiate, and 5 = Satisfying generative reasoning.

\ —§=—|teration 1
== teration 2
2
\ Iteration 3
1 \

Project 1 Project 2 Project 3

Figure 3.7.Plots of evaluative reasoning skills.
Notes:1 = Little, 2 = Limited, 3 = Moderate, 4 = Interciate, and 5= Satisfying evaluative reasoning.
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In contrast, analytic reasoning skills began to rgmeluring the first two projects of
Iteration 2. Refined procedural steps guided prxeseteachers to select standards, explore
challenges, frame problems, and identify diffetenls. Revised analysis directions prompted
some preservice teachers to consider the NETS eabeathers referred only to personal
experience. Analytic reasoning skills improved liertduring Project 3, as preservice teachers
analyzed multiple factors and connected their lesgeas to the NETS. Conceptual prompts
may have focused preservice teachers’ attentiadonS and influenced their analysis.
Voluntary completion of the optional analysis stepProjects 2 and 3 may also have
contributed to their reasoning performance.

In contrast to previous iterations, preservice ltees progressively increased their
analytic reasoning during Iteration 3. For exampiece they determined their lesson in the first
project immediately after selecting standarddeldinalysis was initially observed. However,
analytic reasoning was significantly enhanced leysinuctured scaffolds in Project 2. Concept
mapping of NETS-related topic broadened and deeptrer assessments of instructional
problems. The ideation table prompted them to nattega variety of tools. During Project 3,
prompting what and how to analyze also increasetl/faa reasoning. Preservice teachers
searched and incorporated conceptual NETS knowledgeide their analyses beyond only
instructional problems.

Generative Reasoning

Generative reasoning declined steadily duringatten 1. During the first project, the
reasoning steps scaffolded some preservice teatthbrainstorm multiple lesson ideas to
address the instructional problem whereas oth#rs@tverged on a single idea. During Project

2, as procedural scaffolds were removed and linatelysis was evident, most preservice
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teachers’ generative reasoning were dominatedday pneferred lesson idea, except John who
critically reflected on convergent reasoning. Tined project required adapting or creating a
WebQuesbut did not scaffold exploration of alternativédsys stimulating little generative
reasoning.

During Iteration 2, generative reasoning declifrech Project 1 to Project 3, but
improved over Iteration 1. During Project 1, difens for brainstorming engaged preservice
teachers in generating alternative, concrete tdoggesupported lesson ideas that addressed
problems and standards, manifesting desired generatsoning skills. Switching solution
generation to an optional step in Projects 2 asdsBained the number of lesson ideas but
reduced the quality in technology integration. Prege teachers may have embraced the
exploration of alternatives before selecting a sohy but focused on completing the final
product rather than generating lesson ideas.

In contrast, Iteration 3 improved generative reasp. Preservice teachers started with
limited reasoning skills, as they were not scakoldo analyze or consider alternatives. The
ideation table in Project 2 increased their to@Bams and resulted in multiple ideas for
integrating technology. However, most interviewtseled to address specific curriculum
standards or instructional challenges in their sd@arhaps due to the lack of explicit prompts.
The preservice teachers continued divergent reagoniProject 3, supported by the remained
ideation table and critical reflection on reasorstigitegies. Moreover, revised directions and
ideation table prompted to apply a variety of as&lyactors while generating lesson ideas.

Evaluative Reasoning
During lteration 1, the preservice teachers iljtidemonstrated limited evaluative

reasoning, which decreased further as scaffolds wleanged. Most preservice teachers did not
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utilize the procedural scaffolds for evaluation doi@ convergent idea. During Project 2, none
demonstrated decision making as their lesson idgksted convergent, deductive reasoning.
The evaluation criteria reported merely confirmedausions. Project 3 results also
demonstrated little evaluative reasoning perhaestdittle internalization and to the use of a
relatively well-structured case that indicated f@wblems but a clear solution.

Evaluative reasoning during Iteration 2 continteedeveal decreases. Preservice teachers
followed the evaluation steps provided in Projetd $elect their lesson idea based on criteria,
which influenced initial preferences by revealirggential weaknesses in their favored ideas.
However, during Project 2, some preservice teactiepped the evaluation step to
systematically apply criteria before making decisioProject 3 revealed even less evaluative
reasoning as no participant applied the evaluaiep. Decisions may be influenced by the
instructor’s recommendation fo¥ebQuest

During Iteration 3, however, evaluative reasonimggeased progressively. Predetermined
ideas of Project 1 appeared to make decision makingcessary. Most preservice teachers
repeated or elaborated rather than evaluatingrnidgeas. During Project 2, the evaluation table
scaffolded preservice teachers to use given NETeBekcriteria to judge alternatives. When
prompted to identify evaluation criteria from arsdg in Project 3, most preservice teachers
considered instructional goals and NETS when degidind justifying which lesson to develop.

Design Principles

Scaffolding design principles (cf., van den AkkE®99) for solving ill-structured

problems can be generated based on themes aa@d®its and underlying theories. Design

strategies may be inferred from the scaffoldingctions applied in this research.
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To develop analytic reasoning skills, scaffoldscheeemphasize and clarify key factors
of the problem space. Novices tend to analyzernliesured problems superficially by
simplifying the complexity, overlooking multipledtors, and rapidly generating solutions
(Powell & Willemain, 2007; Perez, Johnson, & Em&r§95). This was evident during Iterations
1 and 3 when scaffolds did not highlight key fastd?rocedural scaffolds can guide learners to
analyze major factors and their connections thrdagltal steps. Ge and Land (2003), for
example, reported that procedural questions hefjiréat undergraduates’ attention to important
aspects of a design problem. In the current destigghies, Iterations 2 and 3 revealed that
preservice teachers analyzed a variety of key fa¢eg., NETS, curriculum standards,
technology tools, and instructional problems) wkeaffolded step-by-step. The sequence and
directions for implementing analytic reasoning ppted consideration of connections among
factors. Moreover, conceptual scaffolds can degpatyses by highlighting knowledge or
information underlying the factors. Bulu and Pedar010) used domain-specific concepts to
scaffold 6th graders to identify relevant infornoatineeded to represent science problems.
Similarly, in Iterations 2 and 3, when preservieadhers were prompted to consider concepts
from the NETS (e.qg., creativity, critical thinkindhey retrieved or integrated knowledge to
differentiate relevant standards, problems, antstoo

To support generative reasoning among novicesfadafshould stimulate exploration
of alternative solutions. Novices tend to quickbneerge on a single solution without
considering alternatives (Osana, Tucker, & Ben2€d3; Schoenfeld, 1983). They typically
lack the experience or expertise needed to soelgms through logic-tight deductions (Voss
& Post, 1989). To counter the convergent reasot@ndencies of novices, procedural scaffolds

should require or encourage consideration of atére solutions until they internalize and
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demonstrate these skills. In the present investigat when procedural scaffolds were removed
or reduced , generative reasoning skills declimedrfost, while a few spontaneously considered
alternatives and began to demonstrate this skile©and Hannafin (2000) attempted to
scaffold strategically 8th graders to seek exissialytions before attempting to solve an
earthquake engineering problem, but students tetadigghore the importance. It is often
necessary to initially scaffold exploration of attatives procedurally, particularly among
novices, to ensure opportunities and experientearto effective generative reasoning.
Metacognitive scaffolds may encourage novices @sgjvely to contrast depth-first approach
with breadth-first reasoning strategies (Pereznsoh, & Emery, 1995). In the current design
research, naive approaches that initially limitesbfem solving were extended to divergent
generative reasoning skills through metacogniteflection.

To support evaluative reasoning, scaffolds neeglitde novice to assess solution
alternatives to criteria. Novices usually make dagrecisions based on local criteria (Osana,
Tucker, & Bennett, 2003; Perez, Johnson, & Eme®95), leading to initially preferred
solutions that limit consideration of alternativBsocedural scaffolds can guide through applying
evaluation criteria, weighing alternatives usingecia, and justifying decisions based on
evaluation once generative reasoning is evidente 8ad Brush (2002) designed and modeled
procedural scaffolds to assist 11th graders tosassgernative actions to a social studies
problem: Students who made effective decisionstsam on persuasive arguments. Similarly,
in the present investigation, preservice teaché&s wsed procedural scaffolds to evaluate ideas
based on relevant criteria were able to warrant texision. However, there were also cases in
which preservice teachers simply “fit” or alignec@stablished goals and preferences with

external criteria. Metacognitive prompts could saldflearners to reconsider initial beliefs and
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refer to analyses before identifying and applyimginal and external evaluation criteria (cf.,
Bloom, 1956).
Limitations and Future Directions

Scaffolds in the present design studies were dedignd implemented with the intent to
refine and improve preservice teachers’ reasorsrhey prepare to teach with technology. The
primary researcher and the instructor developedugdated the scaffolds during successive
implementations. In some instances, additional dppdies and time to analyze quantitative
and qualitative data prior to making revisions mal have changed en-route design and
implementation decisions. In addition, all thresxations involved multiple sections, each with
expected differences. Instructor explanations sotiscussions, and peer interactions will likely
vary depending on the timing of the sections amdatidience populations. These differences are
typical of and represent real-world class and a@urgplementation, but the revisions and
evidence collected still needs further confirmatrath additional sections and settings to verify
utility beyond the given course and setting. Finalhe analytic, generative, and evaluative
reasoning skills examined in this study were liohite specific aspects of the problem-solving
process. Reasoning skills and scaffolding influsrdgring the development of the final
products, such as lesson plan and artifacts, waremestigated.

The support strategies in this research were ddsdray procedural scaffolding, which
may engender piece-meal reasoning when used exelyssi exclusively (Davis & Linn, 2000).
Metacognitive and conceptual scaffolds were intiegran a limited basis, and little evidence
was obtained supporting the effects of strategafsitds. Future research is warranted to
investigate how multiple, integrated scaffoldsuefhce higher-order reasoning. Moreover,

scaffolds are designed to be faded, not providech@eently (Puntambekar & Hubscher, 2005).
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Fading was not successful in the first two itemaicand was not done in the third iteration.
Future research is needed to examine both the aokgffects of progressive scaffolding and
fading (Choi & Lee, 2009) on higher-order reasoningaddition, prior domain knowledge and
experience have been strongly associated with @nokblving (Chi, Feltovich, & Glaser, 1981;
Mayer, 1983). Teaching knowledge and experienciedamong preservice teachers but were
not examined or supported in this research. Fuesearch is needed to investigate the extent to
which the application of and supplementation foopknowledge and experience influence
reasoning during problem solving.
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Abstract
During this study, we implemented a two-stage stadifig approach during which preservice
teachers received directive to supportive scafifigydo support reasoning while designing
technology-supported lessons. Findings indicatatlttie directive scaffolds assisted the
preservice teachers’ analytic, generative, anduatize reasoning. When directive scaffolds
were switched into supportive scaffolds, the praserteachers demonstrated comparable
breadth but reduced depth in analytic reasoningy&hso continued to produce divergent lesson
ideas, but showed limited reasoning for technoliogggration and attended less to initial
analyses during elaboration. Preservice teacheosrefbrred back to directive scaffolds made
and warranted decisions through criteria-baseduatiah, whereas others based decisions on
personal preference. Finally, we discussed scaffiglstrategies for developing and internalizing

preservice teachers’ technology integration reaspni
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Introduction

Recently, more and more preservice education pnagjfeave emphasized teachers’
technological pedagogical content knowledge (Kae&l&lishra, 2008) to prepare them for
teaching in the digital age. Preservice technolagggration coursework has evolved from
standalone technology skills to applying technoltggupport instructional goals. Studies
showed positive impact of the redesigned coursgueservice teachers’ beliefs, attitudes, and
self-efficacy in using technology to teach and ke technology-supported instructional products
they created (e.g., Bates, 2008; Lambert & Gon@p2@ark & Ertmer, 2008; Smith, Draper, &
Sabey, 2005). However, little is known about hoshtelogy integration reasoning processes
affect their intended teaching practice. Furtheemdris unclear how to support preservice
teachers’ reasoning skills required for succesgfolving technology integration problems.

Shulman (1987) viewed teaching as reasoning usad@dbgical Content Knowledge
(PCK), which involved transforming teachers’ conesion of subject matter into effective
teaching strategies. Preparation of preservicenezado teach with technology requires
transforming their Technological Pedagogical Conkarowledge (TPACK) into appropriate
teaching or learning strategies (Mishra & KoehB&06). Our recent scaffolding research on
technology integration (Shen & Hannafin, 2011) caded that preservice teachers tended to
decide what and how to teach based on specifintdafy tools they favored or activities they
preferred. Since tomorrow’s teachers are expecdtéirtk strategically in using technologies to
support student learning (Niess, 2008), we neexltiovate their reasoning skills for meaningful
technology integration.

The purpose of the current study was to refinefslchig strategies to help preservice

teachers develop and internalize higher-order t@dgy integration reasoning. Consistent with
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scaffolding research, theory, and guidelines (HadwWinne, 2001; Sharma & Hannafin, 2007,
Silliman & Wilkinson, 1994), we employed a two-stagcaffolding approach. Stage 1 provided
structured, directive scaffolds that guided thespreice teachers through higher-order reasoning
in designing technology-supported lessons. Stageitzhed the directive scaffolds to supportive
scaffolds that required the preservice teachesglferegulate higher-order reasoning. Qualitative
and quantitative data regarding the preservicengratcognitive processes under the directive
and supportive scaffolds were collected to exartheescaffolds’ influences.
Methods
Research Context

This study was conducted in a semester-long intrtmaly educational technology course
at a major southeastern U.S. institution. The eogmals included: 1) learning to use technology
tools associated with National Educational TechgpiStandards (NETS, 2007); and 2) thinking
like a teacher by selecting and applying technologys to support teaching and learning. The
course instructor was an educational technologyltiaevith six years’ experience in teaching
middle school and eight years in teaching presengachers. Four sections of the course were
involved in the study, with a total of 90 primarggcond-to-fourth year undergraduates: 63%
enrolled in teacher education related programss&8d indicated they were somewhat or very
interested in becoming K-12 teachers. Among thegrkece teachers, 53% had never observed
classroom teaching and 74% had never taught, \26#€ reported 20 or more hours’ in-class
observation and 10% reported 20 or more hourshiagexperience.

To emphasize teacher reasoning, the course wagneesio simulate professional
development for new, practicing teachers. Studeete given a fictional classroom context and

assumed the role of beginning teachers attendetmt#ogy professional development
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workshops on technology tools. They completed tteebnology-supportethink Like A
Teacher(TLAT) projects by designing lessons to addressNETS goals of promoting
Communication and Collaboration, Creativity anddwation, Critical Thinking and Problem
Solving. As shown in Figure 4.1, workshop sessems TLAT projects alternated throughout
the semester. Prior to each projeeyw teacherseceived a letter that established a problem
context for designing a technology-supported lessahwere provided with a class roll listing
diverse student information and aptitudes (e.grni|g styles, learning abilities, motivation
levels, and socio-economic status) (Appendix Leytvere then provided a lesson design
guide— co-designed by the researchers and theatstrthroughGoogle DocgAppendix M),
which required them to type their responses taiasef scaffolding prompts. Figure 4.2 is a
sample screenshot of a lesson design guide. Defdite scaffolds were described in the

following section.

Workshop Sessions TLAT Projects
Session 1
Communication and
Collaboration Tools \ TLAT 1
Communication and
Collaboratiol
Session 2
Creativity and
Innovation Tools TLAT 2
Creativity and
Innovatior
Session 3
Critical Thinking and
Problem Solving Tools TLAT 3
Critical Thinking and
Problem Solvin

Figure 4.1.Structure of the educational technology course.
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Step 1. Context Analysis: See the big picture

[Task]: Analyze the teaching context by creating a brainstorming web and stating the goals you want to
achieve in this technology-supported creativity and innovation lesson.

[Strategy]: Brainstorm ideas on the following topics using the resources listed in parenthesis. Analyze each
topic individually AND identify their connections comprehensively.

_ Characteristics of effective creativity lesson activities (NETS, textbook pg 128-129, 133-135)

_ Curriculum content requiring creative/innovative thinking (GPS or other curriculum standards)

. Appropriate creativity tools available to your class (Blog, Go2Web20, Google, textbook pg.135-142)
. Creative potentials of students in your grade level (Google, class roll)

. Challenges of creating creative opportunities in classroom (Google, textbook pg.133)

[TPACK]: Review the TPACK model and match colors of your brainstorming bubbles with TPACK colors
(IESRRBIBEY, P=dagogy, Content, and/or intersection colors) based on the consistency of the categories.

(LIPS I

1.1 Brainstorming web of teaching context

(Insert an image/link of your Bubbl.us brainstorming web here. (Mot the web we made in groups during class, a
new one for this topic!l) Don't forget to color the brainstorming bubbles to correspond with
Pedagogy, Content and/or intersection colors)

1.2 State the goals you want to achieve in this lesson based on your brainstorming web. Write a short
paragraph.

[Checklist]: Check off each item by using “Format — Strike through”

e Did| analyze all 5 factors (the 5 topics listed in [Strategy]) in my teaching context sufficiently?
Did | identify the connections among the 5 factors and the elements within those factors?
Did | have the 3 basic TPACK colors ([EEHNG0EY. Pedagogy, Confent) in my brainstorming web?
Did | select the key points from the brainstorming web to describe in Step 1.2 goal statement?
Did | gain new insights in Step 1 by using the resources and/or discussing with peers?

Figure 4.2.Sample screenshot of a lesson design guide ireStag
Scaffolding

The intervention was focused on scaffolding higheeteranalytic, generativeand
evaluationreasoning during ill-structured problem solvinggg$-igure 4.3), the framework for
which had been examined through a series of st8tesn & Hannafin, 2009, 2011). Our
previous findings (Shen & Hannafin, 2011) suggesi@aciples and propositions to facilitate
higher-order reasoning during problem solving ugiracedural metacognitiveconceptugland
strategicscaffolding functions (Hannafin, Land, & Oliverd® anddirective supportive

mechanisms (Silliman & Wilkinson, 19948 roceduralscaffolds help to guide learners through
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the reasoning steps to solve problems, while iatégymetacognitiveconceptual andstrategic

scaffolds withproceduralscaffolds help to enhance reasoning.

P lIl-Structured Tl
-7 Problem Solving Skills ~

Higher-Order Thinking Skills
Analytic Reasoning
Generative Reasoning

Scaffolding
Interventiols

Scaffolding Functions Scaffolding
»  Procedural Mechanisms
e Metacognitive » Directive

» Conceptual *  Supportive

e Strategic

Scaffolding
Tl Principles and Propositions_‘ .-

Figure 4.3.Framework for scaffolding higher-order reasoningly problem solving.

As listed in Table 4.1, these principles or proposs were applied in two stages and
embedded in lesson design guides. During Stageé AT TL&?2), directive scaffolds were
presented and progressively increased from TLAG TUAT 2. Stage 2 included TLAT 3 and
transferred the regulatory responsibilities togheservice teachers through supportive
scaffolding. The basic scaffolding strategy in bstiiges provided five procedural steps which
guided the preservice teachers in designing a tdegy-supported lesson: Step 1 Context
Analysis: See the big picture, Step 2 Innovatioation: Explore lesson activities, Step 3
Decision Making: Select the best lesson activitgpSt Elaboration: Describe the lesson activity,

and Step 5 Looking back: Reflect on the lessonge$during Stage 1, directivieask Strategy
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TPACKprompts andChecklistsvere embedded in the five steps to provide progdu
metacognitive, conceptual, and strategic scaffgldimctions (Figure 4.2). During Stage 2,
supportiveTask Strategy andTPACKprompts were used to engage the preservice teacher
regulating lesson design process (Figure 4.4). Terg encouraged to discuss with a partner
but were required to complete the steps indivigu&pecific scaffolds were described below.
Stage 1

Step 1. Context AnalysiShe Taskprompts explained how to analyze the lesson design
context, such as “creating a concept map” andifgeihstructional goals” in TLAT 2. The
Strategyprompts gave a list of five factors to analyzekiding 1) NETS, 2) curriculum
standards, 3) technology tools, 4) student chanatits, and 5) potential challenges—and
provided links to related knowledge sources. Traeedption of each factor indicated
connections to other factors (e.g., curriculum géads that involve communication and
collaboration and would benefit from technology).TILAT 2, theTPACKprompt required
color-coding the concept map ideas with technoliyk), pedagogy (yellow), and content
(blue) categories. Thehecklistin TLAT 2 reminded analyzing all five factors, oolcoding the
concept map, and establishing goals based on ahalys

Step 2 Innovation-in-Actiomhe Taskprompts required brainstorming 3-5 brief
technology-supported lesson ideas based on comtekysis in Step 1. TH&trategyprompts
recommended technology integration websites wihda plans (e.gln-Time Thinkfinity, and
Quest Gardehand provided instructions on how to search amdtiism. In TLAT 2, th@ PACK
prompts required specifying a) curriculum standabjisechnology tools, and c) student
activities or tasks in describing each possibledasdea. Th€hecklistprompted to keep open-

minded to all possibilities and clarify the TPACKeponents in description.
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Principle or proposition-based features of two-&agaffolding

Stage 1. TLAT 1&2
Directive Scaffolding

Stage 2: TLAT 3
Supportive Scaffolding

Procedural
Scaffolds

Metacognitive
Scaffolds

Conceptual
Scaffolds

Strategic
Scaffolds

5 lesson design steps: .
Step 1. Context Analysis
Step 2. Innovation-in-Action .
Step 3. Decision Making
Step 4. Elaboration .

Step 5. Looking back
TaskandStrategyprompts explained
what to do in each step and provided.
sub-steps to follow.

Taskprompts in Step 1 required .
setting instructional goals based on
analyses (TLAT 2 only).
StrategyandTaskprompts in Step 2-4
reminded reviewing and address
analyses in Step 1.
TaskandStrategyprompts in Step 5
required reflection based on analyses
in Step 1.

Checklistan Step 1-4 reminded
monitoring the completion of the
guided tasks (TLAT 2 only).

Strategyprompts in Step 1 indicated e
connections among the contextual
factors and linked to related
knowledge sources. .
TPACKprompts in Step 1, 3, and 4
required using pink, yellow, and blue
to color-code the lesson design ideas
into technology, pedagogy, and
content categories respectively
(TLAT 2 only).

Strategyprompts in Step 2 .
recommended technology integration
websites with existing lesson plans
and provided instructions on how to
search.

5 lesson design steps same as TLAT
1&2.

Taskprompts briefly described what
to do in each step.

Strategyprompts suggested referring
back to TLAT 1&2 for how to
complete each step.

Procedural scaffolds in TLAT 1&2
were available.

Taskprompts required

o planning for the sub-steps of Step
1-4,

0 using the plan as a checklist to
monitor completion, and

o reflecting on the lesson activity in
Step 5.

Metacognitive scaffolds in TLAT

1&2 were available.

TPACKprompts required showing
connections to the TPACK model in
each step.

Conceptual scaffolds in TLAT 1&2
were available.

Strategic scaffolds in TLAT 1&2
were available.
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Step 1. Context Analysis: See the big picture

[Task]- Analyze the various factors in your teaching context.

[Strategy]:
o Look back at what you and your partner did AND what resources you used in Step 1 of TLAT #1 and
#2

e Discuss with your partner about how to analyze the teaching context.

[TPACK]: Show clear connections of your context analysis with the TPACK model.

1.1 Plan for how to analyze your teaching context. Create a bulleted to-do list and check off each item
by using “Format — Strike through” before working on Step 2.

To do a good job in analyzing my teaching context, | need to:
L]

1.2 Record your context analysis in the following box.

Figure 4.4.Sample screenshot of the lesson design guideage32.

Step 3 Decision Making heTaskprompts presented three sub-steps for decision
making, including 1) identifying five evaluationiteria, 2) rating the generated lesson ideas with
criteria on a 5-point scale, and 3) selecting th&t lesson idea and justifying the decision. An
evaluation table was provided for rating and conmgutotal scores of the lesson ideas. The
Strategyprompts emphasized reviewing context analysesicpkarly the instructional goals,
when making the decision. In TLAT 2, tR@ACKprompt required color-coding the evaluation
criteria into technology, pedagogy, and conternegaties. The&hecklistprompted to remain
objective in evaluation, consider a variety of éast and justify the decision.

Step 4 ElaborationTheTaskprompts provided the structure for elaboratingranlesson

idea selected in Step 3, including introductionhaf activity, student participation, teacher
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guidance, and evaluation of learning outcomes.LUATT 2, the Strategyprompts suggested
reviewing and addressing the concept map and thkestatement when developing the lesson
activity. Also, theTPACKprompt required color-coding the key sentencgshoases of each
paragraph into technology, pedagogy, and contaéagodes. Th&hecklistprompted preservice
teachers to accommodate the contextual factorsesslthe instructional goals, and color-code
sentences in each paragraph.

Step 5 Looking BacK he Taskprompt required reflecting on the lesson activity
developed in Step 4 and proposing ways to improkie Strategyprompt suggested evaluating
the lesson activity based on analyses and refiaaegrdingly.

Stage 2

Step 1 Context Analysi§heTaskprompted to analyze various factors in the teaghin
context. It also required initial planning for haavanalyze and documenting the analysis process
and ideas using the plan as a checklist. Stnategyprompt suggested referring to Step 1 in
TLAT 1&2 for how to analyze and what resources $e while discussing with a partner. The
TPACKprompt requested showing connections to the TPA®@Idel during analysis.

Steps 2-5Similar as Step 1, theaskprompt briefly described what to do in the steg an
asked the preservice teachers to plan for the syds-and document and monitor their reasoning
with the plan in Step 2-4. Tt#&trategyprompt suggested looking back at the same stépAT
1&2 and discussing with a partner about how to deteghe step in TLAT 3. ThEPACK
prompt required showing connections of their reaspwith the TPACK model.

Research Questions
1. To what extent did the preservice teachers’ reagpcinange from Stage 1 to Stage 27?

2. To what extent did the directed and supportivefetds influence reasoning?
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Research Design

Component mixed methods design (Green, 2008) wex tasconcurrently collect
guantitative and qualitative data on reasoninggssaluring the three TLAT projects in order to
triangulate the quantitative reasoning statistith wualitative reasoning themes to characterize
changes influenced by evolving scaffolds. The gtetinte component provided repeated
measures and descriptive statistics to assessehamnthe preservice teachers’ reasoning across
the three TLAT projects, while the qualitative campnt applied grounded theory methods by
inducing themes of contextualized reasoning shkitld scaffold utilization.

Data Collection

A background survey (Appendix N) was conductedhatideginning of the semester to
provide demographic information as well as to doenmnterests and experience in teaching,
which were subsequently used for sampling purpdeesddition, three online surveys
(Appendix O) related to the preservice teache@soaing process were implemented during
each TLAT project. The surveys were comparablesactioe three TLAT projects, and
comprised of questions related to analytic, generaand evaluative reasoning skills, which
were developed based on our previous researcmfisShen & Hannafin, 2011). Overall, 90%
or more undergraduates from the four sectionsqpatied in the TLAT 1&2 surveys and 84%
participated in the TLAT 3 survey. Since scaffoldsre designed to prepare preservice teachers,
we eliminated participants who indicated they waweinterested in becoming a teacher. Among
the remaining participants, a total of 10 preserteachers were purposefully selected for the
qualitative component based on two criteria: 19rder to focus on participants with a clear
intent in becoming a teacher, each indicated thengwery interested in becoming a K-12

teacher; and 2) collectively, they representedlanioa of prior teaching knowledge and
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experience, (See Table 4.2 for profiles). A semiettired interview (Appendix P) was
conducted with participants immediately after tkeynpleted each TLAT project, during which
they reviewed their lesson design guide and desdribeir reasoning process.
Data Analysis

Quantitative Analysis

The background survey and the three end-of-prej@steys were merged using
anonymous ID numbers. To compare reasoning skiflssa projects, we computed analytic,
generative, and evaluative reasoning scores fdr pamect by using corresponding survey
guestions triangulated with qualitative themes @mdrepeated measure analyses to identify
changes in higher-order reasoning skills. We asoar descriptive analysis of survey responses
to compare higher-order reasoning skills acrosSth¥T projects.
Qualitative Analysis

The three reasoning skills were used as major gochtegories. Codes within categories
were initially created by open-coding preserviceteers’ reasoning responses (e.g., “analytic
thinking: setting goals,” “analytic thinking: idefying technology tools,” and “generative
thinking: exploring lesson ideas”). We also codedcpptions of the utility of scaffolds when
preservice teachers reported using specific featuhale reasoning. Lesson design guides were
used to interpret responses and to triangulate n@dboning self-reports. We generated themes
of individual preservice teachers’ analytic, getigeg and evaluative thinking skills and
utilization of scaffolds for each TLAT project. Thieemes were merged across preservice

teachers as qualitative evidence of higher-ord@saring skills and scaffolding influences.
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Profiles of interview participants
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Preservice Education
teachers Year Major Coursework Field Experience
Brook 3¢ Early childhood  Foundational Observing elementary classes for 150
education courses, methods hours, helping individual students, and
courses teaching lessons for 1-10 hours.
Carla 3 Early childhood  Foundational Observing elementary classes for 21-
education courses, subject 30 hours, guiding the students, and
matter courses helping out in an afterschool program.
Ember ¥ Early childhood  Foundational Volunteering in an elementary school
education courses, subject helping the students with homework,
matter courses and working in an afterschool program.
Emmy 3 Science education  Foundational Observing pre-middle grades classes
courses for 15 hours, and teaching a couple of
lessons.
Kristie 4 Social studies Foundational Observing middle school and high
education courses, methods school classes for 31-40 hours, and
courses mentoring an elementary school
student.
Lauren ¥ Science education  N/A Mentoring low-income studentan
afterschool program.
Mellissa 3 Early childhood  Foundational Observing elementary classes for 31-
education courses, subject 40 hours, tutoring the students, and
matter courses working in summer camps.
Sophia b\ Family and N/A Teaching Sunday classes at church.
consumer sciences
education
Scott 3 Science education  Foundational Helping out middle school and high
courses school marching band by teaching
them to play instruments.
Tracy 3 Early childhood  Foundational Observing elementary classes for 40 or

education

courses, subject
matter courses

more hours, and teaching lessons for 1-
10 hours.
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Mixed Analysis

For each TLAT project, the statistics for analygenerative, and evaluative reasoning
were triangulated with the corresponding qualigativemes. Changes in reasoning skills from
scaffolding Stage 1 to Stage 2 were identified gisepeated measures analyses and the
triangulated reasoning skills of each TLAT projéat. identify scaffolding influences, we
analyzed connections between the preservice tesidhgher-order reasoning skills and
gualitative themes of how they used the directive supportive scaffolds.

Findings and Interpretations
Analytic Reasoning

Analytic reasoning, defined as analysis of prob$grace operators and their connections
(Bloom, 1956), was primarily examined in Step lalgming interrelated factors in the teaching
context). As summarized in Table 4.3, analytic oeasy scores of the three TLAT projects were
significantly different (F(2, 56)=23.22p=.000). Table 4.4 showed that TLAT 3 scored lower
than TLAT 1 (F(1, 28)=36.42%=.000) and TLAT 2 (F(1, 28)=26.886+.000), indicating
reduced analytic reasoning skills. Qualitative datd descriptive statistics indicated changes in
the breadth and depth of the preservice teacheadyses.
Breadth

During TLAT 1&2, all interviewees analyzed the cextiual factors suggested by the
Strategyprompts and set goals accordingly. For exampl&LiT 2, Kristie referred to the list
of five factors that she was “supposed to have” amalyzed “step by step.” She created a
concept map by using the factors as major branghesdentifying elements under each.
Although she initially focused on content learnindner instructional goals, th@hecklist

prompt (Did | select the key points from the bramsiing web to describe in Step 1.2 goal
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statement?) triggered her to include goals addrgsbe NETS (Creativity and Innovation). She
reported:
When | first wrote my goals, it really had nothitagdo with my brainstorm map, so |
went back [after using théhecklis}... Originally | was just talking about how imparit
it was for them to know the content. | thought @rety should be one of the main goals,
[because] it was in the brainstorm map, | didn&liee that.
Table 4.3

Higher-order reasoning scores of the three TLATjguts

Repeated measure

TLAT1 TLAT 2 TLAT 3 ANOVA
N=29 M SD M SD M SD F(2,56) p
Analytic 16.97 3.650 16.55 3.670 11.93 4.765 23.222 000
Thinking®
Generative 15.40 2.269 15.48 2.132 14.93 2.712 714 494
Thinking®
Evaluative 12.76 3.158 14.83 2.494 13.31 2.466 5.376 ".007
Thinking®

Notes:* Computed with five-question factor scdl€€omputed with four-question factor scale

During TLAT 3, the preservice teachers also considienany contextual factors from
TLAT 1&2. Eight interviewees indicated their anas/svas based on the directive scaffolds in
previous TLATSs. Lauren referred to the prompts anecklist in TLAT 2 “to see what we were
supposed to have” and analyzed “what makes a gaadgm-based lesson,” “curriculum

standards,” “possible technology tools,” and “pdiedrchallenges.” Two others based their
analysis on the TPACK model. For example, Melisgmoized her concept map using “the three
TPACK concepts”™-content, pedagogy, and technolagypgarted by underlying components.

However, 28.6% preservice teachers failed to ifientiallenges or constraints in their teaching
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context; and 11.4% failed to analyze studentstagéis. None of the interviewees set
instructional goals after analysis.
Table 4.4

Follow-up repeated contrast of higher-order reasanscores

TLAT 1vs. 3 TLAT 2vs. 3
N=29 F(1,28) p F(1,28) p
Analytic 36.429 .000 26.886  .000
Thinking
Generative .817 374 1.205 .282
Thinking
Evaluative .563 .459 8.084 .008
Thinking
Depth

As shown in Table 4.5, during TLAT 1&2, preservieachers identified on average 3 or
more elements for each contextual factor. In TLABZ.4% integrated knowledge from the
provided links or hints to enrich analysis, andssifed their identified elements through color-
coding. Brook analyzed the characteristics of &éacéi’e Creativity and Innovation lesson:

| had the NETS standards [website] open and thesetelements) are right from the

LIS

book really, like “focus on the content,” “emphasaut of the box thinking,” “design
original works”... “Use models and simulations” [arfd]entify and explore trends” [are
from the NETS website].

She color-coded these ideas on her concept mayditate the content, pedagogy, and

technology categories she assumed they belonged to.
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Seven interviewees considered the connections amhenfgctors during analysis. To
identify curriculum standards for TLAT 1, Melissead through the language arts performance
standards and “looked for words that relate to comoation, collaboration with students.” She
then selected technology tools by making sure “tey characteristics of the standards” and
were “appropriate for the age.”

Table 4.5

Number of elements identified for contextual fagtor

TLAT 1 TLAT 2 TLAT 3
n=42 n=41 n=35
M SD M SD M SD

NETS 417 .986 3.90 .995 3.26 1.379
Technology 3.67 1.097 3.56 1.097 291 1.401
tools

Students’ 3.88 1.131 3.15 1.295 2.54 1.358
characteristics

Potential 3.24 1.206 3.32 1.192 1.89 1.694

challenges

During TLAT 3, fewer contextual factors were idéietl. After planning for analysis,
five interviewees analyzed superficially withouespying details or considering connections.
Emmy noted, “I pretty much just made a sentendgorabout each of these (factors).” She
discussed the factors in general based on her oderstanding, such as “the technology should
be user friendly and easy to learn.” Although Msdigreated a concept map, she labeled “critical

thinking” as an element under the “pedagogy” fabuairfailed to elaborate. She analyzed the
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“content” factor separately, trying to “have anwiirelated to English language arts,” such as
“reading,” “writing,” and “comprehension.”

Nevertheless, the remaining interviewees investjabme factors through analytic
reasoning. Brook recalled discussing with her marwhen planning for analysis, “We started
off saying we should define Critical Thinking antbBlem Solving, [because] that is something
that we did with the other two TLATS.” After resehing online, she identified critical thinking
as “looking at something from many different viewpgs,” “involving skillful judgments,”
“[being] thoughtful and reflective.” Clarifying dical thinking led her to identify curriculum
standards compatible with the NETS:

As | read them (performance standards) | just nsauele judgments of which ones |

thought were going to be easier to do criticalkimg lessons on. A lot of the ones |

chose already have different perspectives to look a
She was then able to use “key words from the stasti#o search for relevant interactive tools
or existing lessons onhinkfinityandQuest Gardenvebsites.

Generative Reasoning

According to scholars (Bloom, 1956; Guilford, 196Fenerative reasoning synthesizes
the relevant factors and elements to create neasitteough divergent and convergent
productions. Step 2 (Innovation in Action) involveitergent production of possible lesson
ideas based on integrating the contextual factande Step 4 (Elaboration) required convergent
production to develop lesson details consistertt waintext analyses. No significant differences
were found among the generative reasoning scorég®dhree TLATS. Qualitative data showed
similar divergent production skills but also suggdddifferences in integration and convergent

production skills.
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Integration
Preservice teachers’ integration in TLAT 1 was ehterized by designing learning
content and activities for the technology toolsytheeferred to use. Kristie called her approach
“backwards design”:
| took the three [technology] tools that | knew thest about, which werBwitter, the
Blog, andSkype And I really tried to mode them into the lessamanted it to be... And
then eventually you try to make it travel back tstandard.
In TLAT 2, eight interviewees followed tHEPACK prompts procedurally by starting with
curriculum standards and incrementally integrateahnology tools and learning activities.
Tracy described how she generated lesson ideas:
| just chose different areas of content... Therought of tools that could go with it (the
content). | just went step by step... [Then] | thoughthe activity that could incorporate
the tools and the curriculum standards.
However, despite the technology integration websatad instructions, few preservice teachers
incorporated ideas from existing lesson plans.UAT 2, 34.1% failed to use any and 43.9%
only used 1-2 lesson plans from the provided websit
To facilitate utilization of technology integratieasources in TLAT 3, the instructor
demonstrated searching for existing lesson$tankfinity andQuest Gardemnvebsites and
suggested in class, “Your Step 2 can be 5 ideas Titwnkfinity or 5 different ways to use tools
found onThinkfinity. (Or) you can find &/ebQueséand talk about how you would use it in
class.” As a result, most preservice teachers ee-os adapted rather than generating lesson
ideas: 57.1% preservice teachers indicated thantjerity of their lesson ideas were not

original. Although Kristie copied and pasted #rRACKprompts from TLAT 2, she engaged in
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little reasoning for integration but responded lyy summarizing existing ideas from
WebQuestsr Thinkfinity. When introducing one of her lesson ideas, shéaagu, “The
WebQuesgenerates the activity for you. So | just said/thveuld use the task in tiWebQuest
Brook did not use the PACKprompts, but integrated new content, pedagogyectthology
components by modifying to “fit the needs for mgden.” When adapting the Bill of Rights
WebQuestshe “took out the first part of the Process” étphstudents study Bill of Rights and
“added them (students) creatin@bogsteradvertising why a specific right is protected ur o
Constitution, why it is important, and what the Wdowould be like today if it wasn't in place.”
She also added a “mini mock trial” because it waot of critical thinking and problem
solving.”
Divergent Production

During TLAT 1&2, preservice teachers brainstormediaimum of 3 possible lesson
ideas as required by tAaskprompts; 30% or more generated 4-5 ideas. Thteeviswees
reported that their ideas improved through bramstog. Kristie recalled that she generated
lesson ideas by “taking a step further” of the pyas lesson idea and commented, “To create a
good technology-supported lesson activity, it iparant to list a healthy number of ideas.”
Similarly, Carla remarked, “The more | worked oiigénerating lesson ideas), the more |
understood what the goals were, like using cregtamd technology, the better each lesson
[idea] became.”

During TLAT 3, all preservice teachers produced &ore possible lesson ideas. Brook
planned for Step 2 to “Find multiple options thahde used for your lesson.” She indicated that

she would use this strategy in future:
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| will probably come up with two or three potentiassons for each standard or day that

I’'m going to do... | even did this in the huge ymibject for one of my other classes. We

didn’t pick our first lesson that we chose... Waevihrowing ideas back and forth at

each other.
Moreover, generating lesson ideas through adaptappeared to make divergent production
easier, with 48.6% reported generating 4-5 lesdead. Tracy explained why she was able to
generate more lesson ideas in TLAT 3:

Just from looking at hinkfinity, it gave you more [ideas]. With the other two (TLA

1&2), | always came up with my own ideas. This (TILA) was the first one where |

used someone’s idea at first and then | extended thiey gave me.
Convergent Production

Overall, 90.5% preservice teachers in TLAT 1 lookedk at their analyses in Step 1, as
suggested by th8trategyprompts, when elaborating on the lesson activitgtep 4. Seven
interviewees developed lesson details to accomradtatstudents’ aptitudes or to address the
potential challenges. Using TLAT&rategyprompts andChecklists all preservice teachers
referred back to their analyses during elaboradioth 75% reported looking back 3 or more
times. They incorporated several factors when agned details and reportedly increased
attention to their goals. Brook said, “I went baaid read them (goals) a lot, just so | would
remember what they were and | could make sure Ifellsving them.” TheTPACK prompt
facilitated monitoring the lesson details to represcontent, pedagogy, and technology aspects.
Ember commented, “I had to make sure that | hadeioimg to highlight, that | wasn'’t just

writing about pedagogy or just about the technolimgy.”
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Although 91.4% preservice teachers in TLAT 3 reddrto their analyses, 57.1% referred
back only twice or fewer times. Six interviewee$idved that they internalized their analysis
results, which had less breadth and depth thanquev LATs, and focused on generating more
details beyond their brief lesson idea in Step 2 Melissa described:

| would just go back to where you (I) briefly daberthem (lesson ideas) in step 2, and

make sure I'm just explaining it more in-depth thpaviously. | don’t think I looked

back at the brainstorming thing (concept map) beea that point | had looked at it so

many times before, | kind of knew what was there.

However, in contrast, Lauren commented, “I lookadkoat Step 1 more when | was doing Step
4... to make sure | was thinking of everything thgthe lesson) was supposed [to have].”
During Step 1 analysis, she incorporated the dedmbof a problem-based lesson from the
course website, which later guided her lesson dgwveént. To “emphasize the process,” she
stated, “The process of them getting the resulikeshem doing the lab and creating the graph
and everything. That's more important than the @cnswer they get at the end.” In addition,
five interviewees continued to color-code the peaphs, but mostly to meet the requirement of
“showing connections to TPACK” rather than to pugfully generate lesson details.
Evaluative Reasoning

Evaluative reasoning, making judgments about thleacted information or generated
ideas based on criteria (Dewey, 1933; Ennis, 198&3, mainly applied during Step 3 (Decision
Making) to evaluate potential lesson ideas usiitgrza. However, evaluation was also involved
in Step 5 of Looking Back over the lesson plan skenimprovements. Evaluative reasoning
scores differed across the three TLAT projects,(B@=5.376p=.007). TLAT 3 scores were

comparable to TLAT 1 (F(1, 28)=.56@37.459), but lower than TLAT 2 (F(1, 28)=8.084,
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p=.008), indicating that the preservice teachersl@ative reasoning skills reduced but retained
to some extent. Qualitative TLAT 3 analysis indezhtiverse evaluative reasoning during
decision making but little during reflection.

Decision Making

Overall, 60% or more preservice teachers in TLAT2Xslected the lesson idea they
considered to be “best” through guided decisioningadn TLAT 2, Tracy first identified
evaluation criteria reflecting TPACK, such as “ys®r knowledge to be creative,” “meet all
types of learning styles,” and “use technologyupsort creativity.” After rereading her lesson
ideas in Step 2, she rated them on a 1-5 scalel lmasthose criteria and selected the idea that
scored the highest. To evaluate objectively, sie“sput myself as if | didn’t come up with the
activity.” Using theStrategyprompt, Kristie pointed out that “My goals weredmoting]
creativity and content [learning]” and incorporatbdm in her evaluation criteria and
justification of the selected lesson idea:

By usingBubbl.usandiMovie [in the lesson], my students will be allowed arat&to

express their creativity through the medium of filrhile also displaying their

understanding of the Bill of Rights.

During TLAT 3, 54.3% preservice teachers determitned best lesson idea mainly
through evaluation rather than preference. Sedem@kion-making patterns emerged. Preservice
teachers who frequently referred back to TLAT 1&Béd their decisions on evaluation
processes similarly as previously done. For exanguett used the same evaluation table from
TLAT 2 to rate the possible lesson ideas becaudeheved that “with rating you're really
picking the best activity, not the one that yoellbest.” Brook recognized her tendency to

choose the first lesson idea that she “spent timmking about” and “liked it the best.”
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Therefore, she rated and ranked her lesson ideasl lmam pros and cons identified using criteria
(e.q., “fit for the grade level,” “promote criticllinking or problem solving”) and “tried to do
without taking into consideration how much | peraibnliked the lesson.” In contrast, preservice
teachers who rarely referred back to TLAT 1&2 tahttemade decisions based on their
preference. For example, Ember assumed that shedglknew “what was expected” in TLAT 3
and did not refer back. Consequently, rather thatuating her lesson ideas in Step 3, she
believed all of them “could have been good” if Seepanded on each.” Influenced by a class on
art immersion in elementary classroom, she finsdl\ected the lesson idea that “included an art
project.” Nevertheless, most preservice teachestsfipd their decision by arguing that their
chosen lesson addressed the evaluation criteri@¥®8entioned 4-5 criteria in their
justification.
Reflection

When reflecting under thEaskandStrategyprompts in Step 5, 95% or more preservice
teachers in TLAT 1&2 evaluated the weakness of tlesson and indicated ways to improve.
For instance, in TLAT 1, Sophia reviewed her studeralysis and noted that she did not
consider “mixing between all categories (aptitutieg)en grouping the students for
collaboration. She reflected on her lack of knowkedbout individual differences and group
work:

When | was a high school student, | didn’t thirkelOh if I'm in a group with different

learners and | might learn differently and | migbnhtribute differently. So looking back

that was something that | definitely would likegoup them... to mix them well.
As a result, she paid particular attention to gnogstudents with different motivation levels and

learning styles in TLAT 2.
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As the preservice teachers were only promptedafbett on the lesson activity” in
TLAT 3, most emphasized the advantages or berddfitseir lesson but not their weakness;
25.7% failed to identify anything to be improvedeldsa stated her lesson would make the
students “think in a critical way they have nevefdse,” although she failed to clarify critical
thinking during analysis. Tracy admitted that stredied to think “nothing is going to go wrong”
with her lesson because “it's hard for me to pusetfyin real perspective of what might be
challenging [during teaching].” Moreover, many “tbages” or “problems” identified were not
related to the instructional design of the les$ws did not trigger modifications. For example,
Kristie mentioned her classroom may have “a smathiper of computers,” so she needed to
reserve the technology room. Emmy was concerndd#hrastudents may play with the lab
equipments and talked about how she would manatierwes.

General Discussion

The goal of this study was to improve preservieeers’ analytic, generative, and
evaluative reasoning skills when designing techgyisupported lessons. We used a two-stage
scaffolding approach and multiple scaffolding fuoes to support preservice teachers’
development and internalization of reasoning. Dyitage 1, the five steps and sub-steps
provided directive scaffolds that guided preserteachers through a reasoning process model
shown in Figure 4.5. The contextual factors werdusequentially, ensuring the breadth of
analytic reasoning. The brainstorming of lessomasderomoted divergent production; and the
TPACK prompts for generating lesson ideas facédanhcremental integration of content,
technology, and pedagogy. The evaluation scaffglided how to select and support a lesson.
Moreover, the conceptual scaffolds deepened anakygisoning. Descriptions of contextual

factors prompted consideration of individual fastand their connections; the resources
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encouraged knowledge integration during identify@agh factor; and the color-coding of
elements amplified key TPACK perspectives. The oaaitive scaffolds supported generative
and evaluative reasoning with analyses. As preseteachers represented analyses with
instructional goals and referred back in later stéipey were better able to integrate contextual
factors to generate lesson ideas, make and judisions based on goals, develop lesson details

to address analyzed factors, and reflect on tlsfeby comparing to analyses.

Scaffolding Guidance Reasoning Process Model

Step 1
Context Analysi

Analytic
Reasonin

A 4

Step 2
Innovation in Actiol

Generative
Reasoning

\ 4

Step 3
Decision Making

Evaluative
Reasonin

A\ 4
Step4 | Generative
Elaboration Reasoning

A
Step 5 Evaluative

Looking Back Reasonin

Figure 4.5.Scaffolded reasoning process model during teclgyalategration.

As directive scaffolds were switched into supp@tscaffolds, evidence of reasoning
processes changed differently across individuad$edst five interviewees began to internalize
reasoning skills supported by procedural scaffadshey planned and applied all or part of the
guided reasoning, such as analyzing the teachinggxt generating multiple technology-

supported lesson ideas, and selecting ideas thraitghia-based evaluation. However, all
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interviewees reverted to naive thinkimig some cases, preservice teachers assumed ttiey ha
internalized the reasoning skills thus did noteewor refer back. As a result, five did not
employ evaluative reasoning, instead falling baclpersonal preference. In other cases,
preservice teachers did not internalize the reagpmiocesses supported by conceptual or
metacognitive scaffolds, which were less explicért the procedural supports. Consequently,
they analyzed learning context superficially withouegrating knowledge or considering
connections, attended less to analyses focus wéregrating lesson details, or failed to reflect on
potential shortcomings of their lesson designs.

Nevertheless, Brook and Lauren retained analyisaring from procedural and
conceptual scaffolds as they accessed externalnesoto clarify the NETS (Critical Thinking
and Problem Solving), which later enhanced thenegative and evaluative reasoning. Brook,
for example, integrated new components to promatieal thinking in adapting the existing
lesson; Lauren developed lesson details to adtiiessiteria of a good problem-based lesson.
Both evaluated the lesson ideas and justified doestbn with NETS-related criteria. Although
they did not report re-using metacognitive scafpltieir retained analytic reasoning appeared to
serve the similar function of monitoring generatared evaluative reasoning. In both two cases,
the directive procedural and conceptual scaffoldeng Step 1 may have influenced the
development of analytic reasoning and the transfgenerative and evaluative reasoning skills.

The demonstration and recommendation of technaluggration websites also provided
dynamic strategic scaffolds that influenced gemegateasoning. Despite ineffective initial
strategic scaffolds, the instructor’'s dynamic salaihg promoted utilization of existing lessons,
which stimulated divergent lesson ideas for mammyn& adapted existing lessons to various

extents, whereas others simply copied from previessons. Most preservice teachers, however,
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did not demonstrate the TPACK attributes while gggchnology integration resources to
support design. Existing lessons integrated fadtora particular teaching contexts, which
proved incompatible with thEPACKprompts to scaffold integration from scratch. The
preservice teachers may need further scaffoldsoantb use the strategic resources to inform as
opposed to simplify their reasoning for integration

Implications

Our findings indicated the value of several stregedor scaffolding preservice teachers’
technology-supported instruction. First, two-stagaffolding helped preservice teachers develop
and internalize the intended reasoning. Theserfggiivere consistent with the results from
Angeli and Valanides (2005) who prepared preserstoence teachers to integrate technology
using an explicit design model and reported impnosets in preservice teachers’ lesson designs.
Two-stage scaffolding extended their approach tsy &mbedding the reasoning model in
structured design experience and then reducingtthetures to elicit self-regulated reasoning.
Moreover, it appears to be necessary to increaseprice teachers’ metacognition for
monitoring their reasoning by sustaining explieitdance and confirming its impact prior to
rapid reductions or withdrawals of prompts.

Second, conceptual and metacognitive scaffoldsacta analytic reasoning need to be
adjusted cautiously as they transition from direxto supportive mechanisms. Directive
conceptual scaffolds can help preservice teacbearsrisider interconnected contextual factors
and integrate knowledge during analysis. Directhetacognitive scaffolds can promote
consistency among context analyses and the gemeiaid evaluation of lesson ideas. As these
processes were not readily recognized as procesigad, premature transition to supportive

conceptual and metacognitive scaffolds is likelyeonder them undetected and, as a
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consequence, fail to become internalized. Thergfbr®important to monitor and adapt the
transitioning process by integrating directive agptaal and metacognitive scaffolds into
supportive procedural scaffolds.

Third, additional scaffolds are needed to helseréce teachers apply existing lessons
to inform their generative reasoning. Stand-al@whmology integration resources may be easily
ignored when preservice teachers are unclear hawsddhem. To promote utilization of
strategic scaffolds, instructors may need to demnatesor individually assist searching for
relevant lessons as well as model how such appesaoly be adapted versus simply adopted.
Case-based reasoning scaffolds (e.g., Kim & Hanpdfi11) may prove beneficial to help
preservice teachers identify technology integrasivategies from existing lessons and
incorporate them into generative reasoning.

Limitations

A number of limitations should be noted. We assuthati preservice teachers’ reasoning
performance was shaped by analysis, generatiomng\aldation during ill-structured problem
solving. While intuitively logical, this may reprst more advanced teacher reasoning than
novices typically possess. Further research isimedjio confirm this assumption and to explore
preservice teachers’ problem-solving reasoninggugmounded theory methods (Glaser &
Strauss, 1967). While the changes observed in miesdeachers’ reasoning were seemingly
attributed to the scaffolds, other factors may alaee influenced such changes. Further studies
need to account prior teaching knowledge and eapee, peer interactions, and how they
influence preservice teachers’ reasoning in pdercsince it could not be determined
definitively whether preservice teachers generatattiple lesson ideas via divergent production

or trial-and-error of alternatives, additional datdlection strategies such as think-aloud
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protocols (Ericsson & Simon, 1996) might be useddoument preservice teachers’ real-time

reasoning process. Finally, we evaluated changpeeservice teachers’ reasoning skills but did

not examine actual classroom implementation ofrdntechnology integration practices.

Research is needed to assess the need for antiveffiess of scaffolding preservice teachers

reasoning processes and implementations.
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CHAPTER 5
CONCLUSIONS

This dissertation featured a design research ipdgpitiated by an educational technology
course instructor’s goal to stimulate preservieehers’ reasoning while planning technology-
supported lessons. Using this course as the locaéxt to scaffold higher-order reasoning
during ill-structured problem solving, | collabogdtwith the course instructor to develop and
test scaffolds over a three-year period beginnimgng of 2008. Informed by design research
theories and methods (Barab & Squire, 2004; vanfddeer, Gravemeijer, McKenney, &
Nieveen, 2006), | examined the scaffolding propos# from my theoretical framework (chapter
#2) and conducted four iterations (chapter #3 af)ddfevaluate and refine the scaffolds and to
generate evidence-based principles to augmentdheefvork. To conclude, | discuss
implications for theory, instructional design, dnture research.

Evolution of Framework

In this section, | compare the results to the stdifig propositions to summarize how
the framework was extended and which propositionsassumptions require further
exploration.
Procedural Scaffolding

Directive procedural scaffolds were designed taguearners through higher-order
reasoning in a step-by-step fashion. Findings ftleenfour iterations confirm this proposition
and suggest strategies to support analytic, gemeyaind evaluative reasoning. During Iterations

3 (chapter #3) and 4 (chapter #4), directive stddfassisted preservice teachers during analysis
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of technology integration factors while consideramnnections. The brainstorming of lesson
ideas prompted them to defer initial decisions explore alternatives for teaching with
technology. Technological Pedagogical Content Kieolge (TPACK) prompts during Iteration

4 (chapter #4) yielded incremental improvementsiiegration of curriculum standards,
technology tools, and pedagogical activities. Tedeation steps directed preservice teachers to
evaluate possible lesson ideas with identifieceoatbefore making and justifying technology
integration decisions. Preservice teachers whowat directive procedural scaffolds were more
likely to revise an initially naive reasoning apgech to demonstrate higher-order reasoning
skills.

Supportive procedural scaffolds were designed aonpte self-regulated completion of
intended reasoning. During Iteration 2 (chapter gB)service teachers continued to explore
instructional problems and generate multiple lesdeas while the initial reasoning steps were
reduced and available as optional rather than redquHowever, without mandatory use, they
did not specify how to integrate technology or gppiteria to evaluate lesson ideas. During the
supportive scaffolding of Iteration 4 (chapter ##gservice teachers were advised to refer to
previous projects for supportive procedural scafoFindings revealed comparable breadth but
reduced depth in analytic reasoning, greater dew@rgenerative reasoning but limited
integration, and retained criteria-based evalua@asoning among preservice teachers who
frequently referred back to previous projects. &alively, while findings indicate that
intentional use of supportive procedural scaffalisited higher-order, self-regulated reasoning,
when directive supports were transitioned, add#icecaffolds were needed to influence depth of

reasoning.
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Metacognitive Scaffolding

Directive metacognitive scaffolds were imposedhtlitate monitoring of higher-order
reasoning. During Iteration 4 (chapter #4), chestklprovided to monitor completion of
reasoning steps served to reinforce analytic reag@s preservice teachers were prompted to
consider multiple factors when stating lesson goalglanning for analysis. In addition to
offering explicit guidelines, scaffolds during bdtarations 3 (chapter #3) and 4 (chapter #4)
directed preservice teachers to self-monitor theirerative and evaluative reasoning. Preservice
teachers were better able to generate lesson ideaslop lesson details, and identify evaluation
criteria aligned with analysis focus. During Itéoat4 (chapter #4), two preservice teachers
demonstrated internal monitoring during supporsigaffolding. Overall, findings indicate that
directive metacognitive scaffolds highlighted irded reasoning skills and facilitated self-
regulated reasoning among some preservice teachers.

Supportive metacognitive scaffolds were intenaegromote transfer of regulatory
responsibilities to learners during reasoning. pseservice teachers from lIterations 1 and 3
(chapter #3) respectively transitioned from deptéi-to breadth-first reasoning strategies
through critical reflection on naive approachesrduplanning. Moreover, planning for sub-
steps during Iteration 4 (chapter #4) prompted spraservice teachers to reinforce newly
developed reasoning skills by referring back tovjanes projects, but did not support others who
assumed internalization of intended reasoning. g fiegings suggest preliminary evidence that
supportive metacognitive scaffolds promote selfatatpd higher-order reasoning by prompting
to review previous and plan for future problem-sajyvstrategies. Yet, learners who fail to
reflect before planning may not be able to retaghér-order reasoning upon the transfer of

regulatory responsibilities.
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Conceptual Scaffolding

Directive conceptual scaffolds were designed io@mce analytic reasoning by focusing
on concepts underlying the ill-structured probl&nuring Iterations 2 and 3 (chapter #3), when
preservice teachers were prompted to clarify pegiagbconcepts of the intended National
Educational Technology Standard (NETS) before enduanalysis, they retrieved or integrated
relevant pedagogical knowledge and differentiatéd 8-related standards, problems, and tools.
While using directive conceptual scaffolds duriteyation 4 (chapter #4), preservice teachers
considered multiple aspects in the problem spaderanorporated knowledge or information
from available sources. However, most did not axeasernal resources or enrich analysis when
scaffolds were switched from directive to suppatikindings suggest that directive conceptual
scaffolds amplified attention to key concepts whiighlighting the importance of knowledge
sources availability until analytic reasoning sk#ire internalized.

Supportive conceptual scaffolds were designeadmpte self-regulated identification of
key aspects in the ill-structured problem spaceirigusupportive scaffolding of Iteration 4
(chapter #4), prompts requesting connections td@ B¥eCK model scaffolded analysis
conceptually. Some preservice teachers created@pbomap comprising TPACK components
(pedagogy, content, and technology) to guide t@blem identification and breadth of
analysis. However, they specified primarily supmali rather than essential elements and did not
seek additional knowledge or information, perhaps @ limited prior teaching knowledge and
available resources. This suggests supportive ponaescaffolds can promote self-regulated
analysis but may be insufficient for learners withited domain knowledge and prior

experience.
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Strategic Scaffolding

Directive strategic scaffolds were designed to mtentonsideration and synthesis of
multiple perspectives evident in situated probleimshe current dissertation studies, however,
problem space attributes (e.g., subject areas attk devels) varied among preservice teachers;
thus we were not able to ensure the relevanceetifgpdirective strategic scaffolds for problem
representation or solutions for individual preseevieachers.

Supportive strategic scaffolds were designed tdeyin applying or adapting ideas
derived from analogous cases to solve the curmatiggm. During Iterations 3 (chapter #3) and
4 (chapter #4), supportive strategic lesson plaffeids appeared to limit preservice teachers’
higher-order reasoning when they were simply adb@éher than adapted. Preservice teachers
produced convergent or divergent lesson ideas whemimarizing existing lessons. Use of
existing lessons also influenced evaluative reaspas preservice teachers reported satisfaction
with adopted ideas but were unable to distinguhglr rationale based on criteria. As noted by
Hernandez-Serrano and Jonassesn (2003), caseéckbatone are insufficient to support
reasoning. These results suggest the need foi@ualisupporting structures to scaffold how to
use and adapt cases to inform versus simplify pratdolving.

Implicationsfor Instructional Design

The refined framework and propositions provide glirees for scaffolding ill-structured,
problem-centered learning in varied contexts. Ugstiablishing an enabling leaning context
organized around problems (Hannafin, Land, & Olii&99), educators and designers may first
identify intended analytic, generative, and evalgateasoning skills situated in the learning
domain, and relate them to learners’ entering kedg# and skills to determine performance

gaps (Dick, Carey, & Carey, 2001) and zones of ipnakdevelopment (Vygotsky, 1978).
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Results from this research provided evidence flacieg scaffolding strategies to
support reasoning performance based on learnetagkdinalyses. For example, novice learners
may need sustained directive procedural and conakgtaffolds to support step-by-step
reasoning process while prompting knowledge redtiev integration. Incremental directive
scaffolds involving reflective prompts may promatederstanding and spontaneous
internalization of higher-order reasoning procesdsdearners demonstrate desired reasoning,
directive supports may be transitioned to suppersiwaffolds to promote joint regulation of
problem solving until executive control is transéet effectively.

Question prompts (King, 1991) have been succegaigkd as fixed scaffolds in
previous studies (e.g., Bulu & Pedersen, 2010; G&aid, 2000; Oh & Jonassen, 2007) as well
as in the current research to provide diverse slohfig functions through different mechanisms.
They are often provided via technology-enhancedianetiich may otherwise constrain
reasoning with predefined rules and externalizestok reasoning processes (Sharma &
Hannafin, 2007). Although dynamic scaffolds ardiclifit to design and validate in advance and
are rarely examined in-depth, educators may consiigmework propositions during
preplanning and promote interactive activities dgrimplementation to complement the fixed
scaffolds (Wang & Hannafin, 2008).

To evaluate reasoning performance, a rubric coelddyeloped to accommodate
performance goals associated with domain-speaifatyéic, generative, and evaluative
reasoning. Such a rubric could be applied to agz®ddem-solving processes or products that
reflect reasoning. Formative evaluations could wlesg initial and ongoing reasoning skills and
inform decisions on transitioning from directivesdiwpportive scaffolding prior to complete

fading of scaffolds.
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Next Steps

This dissertation has served as the initial steysrd a long-term research agenda to
investigate and advance the proposed theoretamaldwork. After testing and refining fixed
scaffolding propositions in the context of prepgrpreservice teachers to integrate technology, |
plan to examine dynamic scaffolding propositionsimilar contexts.

Dynamic scaffolds are inextricable to and mutubiyeficial with fixed scaffolds (e.qg.,
Ge & Land, 2003; Saye & Brush, 2002; Wang & Harma?008). This is a key continuing
design research concern, particularly given thesgeed focus on technology-based support
during preservice teacher preparatiblow can we integrate dynamic instructor guidancd an
peer interactions with fixed scaffolds to develogsgervice teachers’ higher-order reasoning
skills in solving technology-supported lesson degigpblems2/Vhile we documented the effects
of fixed scaffolds, dynamic scaffolds promoted olintyited reasoning but were not examined in-
depth. The interplay between dynamic and fixedfetdd may be evaluated and adjusted
through iterative applications to better suppotemaed reasoning.

1. How do dynamic instructor guidance and peer intémats influence preservice teachers’

high-order reasoning while designing technologyssuped lessons?

Comparing higher-order reasoning data from conaitivith and without dynamic

instructor guidance and peer interactions may tetprmine their impact. Incidences

from interactive scaffolding processes may indicatd exemplify dynamic scaffolding

effects. Understanding dynamic scaffolds’ roleuporting higher-order reasoning is a

prerequisite to refining facilitation strategies.

2. How do dynamic instructor guidance and peer intémats relate to preservice teachers’

use of fixed lesson design guides?
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Preservice teachers’ interactions with instructat peers based on their reasoning under
fixed scaffolding as well as decisions or changpey imade after those interactions may
reveal the mutual influences between dynamic axetifscaffolds. Understanding of such
connections can provide evidence for adjustingwleetypes of scaffolds during
integrative applications.

3. What are the roles of dynamic instructor guidanod geer interactions in sustaining
higher-order reasoning during transitioning fromxéid lesson design guides?
Dynamic instructor guidance and peer interactioegrategral parts of class instructions
and may not be faded intentionally. Dynamic scafbinfluences on preservice
teachers’ reasoning when fixed directive scaffaldsswitched into supportive scaffolds
may prove their effects for sustaining or internaly higher-order reasoning skills. This
understanding may suggest strategies for trangigoinom or or fading scaffolds.
Finally, as design research emphasizes the tratwsliey and generalizability of

outcomes (van den Akker, Gravemeijer, McKenney, i&den, 2006), my future steps also

include testing the refined scaffold design andopsitions in new settings and domains.
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APPENDIX A. PREVIOUS RESEARCH ON SCAFFOLDING PROBMESOLVING

References Context Scaffolder(s) Samples or Ddmmigp

Bulu and 6th graders Alien Rescue Domain-general question prompts: &/pat
Pedersen  solving a novel information do you need to find in order to solve
(2010) science this problem? Is your evidence enough to

problem convince someone of your solution?

Domain-general modeling: e.g., After
understanding the problem, Ashley needs to
develop solutions. There may be multiple
solutions. She needs to decide and select one of
them.

Domain-specific question prompts: e.g., What does
Akona need to survive? Think about the facts
including body, food, habitat, dwellings,
communication and technology.

Chen and Undergraduate Web-based Knowledge integration prompts: e.g., Explain why
Bradshaw  students learning reliability and validity are important. Summarize
(2007) solving environment the purpose and the meaning of reliability and

educational with question validity.
measurement prompts
problem
Choi and Lee  Undergraduate Case-Based Problem solving stages: e.g., Analyzing problems,
(2009) preservice Learning Creating solutions, and Making decisions.

teachers Environment  Audios of multiple stakeholder’s perspectives and

solving for Classroom solutions to the case problem.

classroom Management  Prompts: e.qg., Critically examine each stakehotder’

management  Problem perspective by considering ... Considering these

problems Solving constraints of the multiple stakeholders’
perspectives, how would you expand your view
of the problem(s) in this case?

Davis and Linn 8th graders Knowledge Activity prompts: e.g., Your assignment now is to
(2000) solving real- Integration ... My design will be good for the aliens because

world science  Environment

problems Self-monitoring prompts: e.g., Planning ahead: In
thinking about doing our design, we need to ...
Looking back: Our design could be better if we

Demetriadis et UndergraduateseCASE Question prompts: e.g., Observe: What concrete

al. (2007) solving events imply possible problems? Recall: What
software other case do you recall having similar
project problems? Conclude: What are the useful
management implications for the successful development of a

case problems

project?
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Ge and Land
(2003)

Ge, Chen, and

Davis
(2005)

Gillies and
Khan
(2009)

Greene and
Land
(2000)

Hernandez-

Serrano and

Jonassen
(2003)

Kim and
Hannafin
(2011)

Lajoie et al.
(2001)

Undergraduate Electronic and
hard copies of

students
solving an
information

system design

problem
Graduate
students
solving
instructional
design case
problems

Primary school

students
solving
problems
related to
society and
environment

Undergraduate

preservice
teachers
constructing
activities

integrating web

resources

Undergraduate

students

solving a food

product
development
problem

Undergraduate

preservice
teachers
designing
technology-
supported
lessons

9th graders
solving

question
prompts

Web-based
learning
environment

Peer
questioning

Guiding
questions on
paper

Instructor-
student
interactions

Student-
student
interactions
Web-based
case library

Web-enhanced

Case-Based
Activity tool

BioWorld

A “case archive” link was provided in addition to
the “recall” question prompt.

Question prompts: e.g., What are the technical
components? What information do you need for
this system? What should the system do? Do |
have evidence to support my solution? Are there
alternative solutions?

Question prompts as a guide: e.g., Is there raally
need for Web-based instruction? What might be
the major causes for students’ low motivation in
learning classical literature? What information
do you need to find out ...?

Peers posed questions that challenge and scaffold
each other’s high-level thinking: e.g.,
Collaborative Strategic Reading strategy, Ask to
Think-Tel Why strategy, intellectual role
approach, and reflective questioning approach.

Instructor questioning: e.g., That's basically wiat
is about, but why that? How does it address
learning? Why would you use that?

Peer interaction: e.g., Kara: They will know nothin
about stocks. So we will either have to teach
them or they will look it up on Internet ...
Tammy: | don’t think they are just getting their
feet wet ... When | bought and sold stocks for [a
project in the] 8th grade ... | don’t want to get up
there and lecture.

A case library of 24 stories told by expert food
product developers about how they solved
similar problems.

A case library with stories of experienced teachers
technology integration practice.

Prompts: e.g., Story summary, Technology
integration, Critique, Introduction of your
scenario, and Ideas from the case.

Teacher prompting: e.g., Remember ... we talked
about peptic ulcers related to the digestive




134

MacGregor
and Lou
(2005)

Ng, Cheung,
and Hew
(2010)

Oh and
Jonassen
(2007)

Oliver and
Hannafin
(2000)

Pedersen and

Liu (2002)

Saye and
Brush
(2002)

Uribe, Klein,

and Sullivan

(2003)

diagnostic
problems
related to the
digestive
system

4th graders
doing a
WebQuest on
endangered
species

Graduate
students
solving an
instructional

design problem

Undergraduate

preservice
teachers

solving student

behavior
problems

8th graders
solving an
earthquake
engineering
problem

6th graders
solving the
problem of
finding a new
home for an
alien specie

11th graders
solving a
problem on
civil rights
movement

Teacher

WebQuest

Blackboard

Knowledge
Community

Future
Learning

Environment 3

Knowledge
Integration
Environment

Alien Rescue

Decision Point

Undergraduate Peer
ROTC students collaboration

solving a
military

personnel case

through
Blackboard

system.
Teacher questioning: e.g., What is one of the most
important things to do when you make a
diagnosis?

Study guide prompts: e.g., Habitat, description,
reasons for endangered status.

Concept mapping template specified connections to
the major concepts: e.g., characteristics of
species, habitat issues, and how these factors
contributed to the causes of endangerment.

Message labels: e.g., Identify problems, Discussion
and Develop solutions.

Message types: e.g., Problem identification,
Hypothesize cause, Solution generation,
Verification, Rebuttal, Evidence, and
Elaboration.

Conceptual question prompts: e.g., What is the
problem described by this evidence? Why would
this problem be difficult to keep from
happening?

Expert modeling video: e.g., Session 1: Expert
modeled reading for a purpose, identifying
pertinent information through self-questioning,
and recording that information in the onscreen
notebook in a list format.

Storyboard template and a model storyboard: e.g.,
Screen 1: Description of Problem required
specifying text on the screen, supporting media,
and script.

Peer questioning: e.g., What did you come up with
for the definition of the problem? | think the
problem can be found with ... What do you think
they should do?
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Wolf, Brush,
and Saye
(2000)

Yelland and
Masters
(2007)

Zydney (2010)

8th graders Decision Point
writing

newspaper

articles related

to Selma

March

Primary school Teacher
students

solving novel

math problems

on computer.

10th graders Pollution
solving Solution
pollution
problem

Guides prompts: e.g., People irmb\goals of the
people involved, causes of this event, description
of what happened, opinions in favor of and
opposed to this event.

Journal prompts: e.g., Progress report: Descrige an
problems or success; Make a plan for research
on the next class meeting day.

Modeling: e.g., The aim is to get the eudl the toy
in as few moves as possible and back to the
elevator. How can we do that?
Prompting: e.g., The dots each represented 10.steps
Questioning: e.g., Is there a better way to doithis
we want to save on energy?

Video cases of real experts who disagreed about the
best way to solve the problem.

Organizing template: e.g., Problem: What issue(s) i
your client trying to solve? What are your
client’s objectives and goals for this case?
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APPENDIX B. ITERATION 1 CASE STORIES
Project 1 Case Story
Case #1: Creativity and Innovation

You are working with a group of very creative learners. They prefer obtaining
information from multi-media sources and learning your course content through hands-
on activities. They are visual and kinesthetic learners. However, most of their classes
are taught through teacher-centered classroom instruction, during which they learn by
passively listening to lectures with few chances to interact in the learning environment.
You find that this type of teaching is ineffective for learning because it does not match
the students’ learning styles. Even worse, you find that the lecture-dominated teaching
is stifling the creativity of your students.

From your experiences with technology and learning you know that the integration of
technology can benefit students by providing them with multi-media information
resources and offering them opportunities to learn by doing. Therefore, you decide to
design technology-integrated lessons that can meet students’ learning styles and
encourage creativity and innovation. You plan to start by designing lessons based on
curriculum standards you believe can be mastered through active learning and a focus
on creative activities.
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Project 2 Case Story
Case #2: Communication and Collaboration

You made careful observations of your students’ learning while implementing your first
technology integration lesson—focused on creativity and innovation. You were pleased
to find students became more motivated to learn when they were given the opportunity
to communicate their ideas and products to others. More importantly, your students
could help each other with difficulties, piggyback on classmates’ ideas to generate more
creative thoughts, and negotiate the conflicting opinions which led to deeper
understanding.

However, you noticed some problems as well. For example, some students were good
at using technology but some had difficulties—and they were frustrated while developing
their projects. The high-achieving students performed very well in their task and enjoyed
“learning by doing.” Your struggling students had many difficulties in completing their
task and learned little from the hands-on activity. When working in groups, some
students contributed a lot and even dominated the teamwork, while some students were
not very engaged and stayed off-task.

The current curriculum standard you are planning to teach can best be achieved by
using teaching strategies that emphasize peer interaction and collaborative learning.
You know from the EDIT 2000 class that technology can provide your students with rich
learning resources, productivity tools, and communication tools. You decide to learn
from your previous technology integration experience and try to maximize the positive
effects and address the problems you found.
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Project 3 Case Story
Case Three: Research and Critical Thinking

You've just returned from a professional educator’s conference and your head is
swimming with all of the different teaching ideas and strategies you saw. One particular
learning activity that intrigued you was the idea of a WebQuest. You know your students
will really respond to this type of learning activity. WebQuests encourage creativity,
collaboration, and communication—the three “C’s” that have been a focal point for your
class. A WebQuest will allow your students to conduct research using web-based
resources and to communicate their findings to an authentic audience. It seems almost
too good to be true.

You've decided that creating a WebQuest from scratch might be more work than you
can handle at this busy time of the school year, so you decide to modify an existing
WebQuest. So—where can you find existing WebQuests and how can you know
how/what to modify? For that matter—how will you make sure students are interested in
the topic? Where will you find quality resources for them to use for research? And how
on earth do you evaluate student work?!?
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APPENDIX C. ITERATION 1 SCAFFOLDS
Project 1 Scaffolds
Guidance for Solving Instructional Problems
Investigate the Problem

Step 1: Identify the Challenges

Integrate your teaching scenario with the general case description. What specific
challenges, issues and problems __ will your students face when they learn the
same curriculum content through teacher-centered an d lecture dominated
classroom instruction?  Focus on TEN challenges that you think are the most
important. Write your 10 challenges below. Word them as clearly and thoroughly as
possible, and use statements (rather than question). You can refer to your
understanding about teaching and learning or your own learning experiences.

Challenge #1:

Challenge #2:

Challenge #3:

Challenge #4:
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Challenge #5:

Challenge #6:

Challenge #7:

Challenge #8:

Challenge #9:

Challenge #10:
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Step 2: Select an Underlying Instructional Problem

Based on the challenges you listed in Step 1, ident  ify the possible underlying
Instructional Problems that are of major importance . Select ONE underlying
Instructional Problem that you want to solve in this project. This problem should be
relevant to creativity and could benefit from technology integrated teaching and
learning. Write it down in question form, beginning with the words, “In what ways might
we ...?" or “How might we ... ?” Your problem should clearly explain what you want to
do and why it is important. Please also indicate by number the Step 1 Challenge(s) from
which your Instructional Problem was developed.

My instructional problem is:

Instructional
Problem
Statement

This instructional problem is important because:

Check the
related
challenge(s) in
Step 1

[J#L [ ]#2 [ 1#3 [ 1#4 [ ]#5 [ 1& [ 1#7 [ 1#8 [ ]#9 [ ]#10
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Identify Solutions to the Problem

Step 3: Produce Solution Ideas

How will you incorporate technology in teaching and learning to solve your
Instructional Problem?  Brainstorm as many solution ideas as you can to the
Instructional Problem. You may consider the different technology tools you have learned
in EDIT 2000. You can use the following sources of information for references: 1)
Chapter 5 in your textbook; 2) Class posts on WIKI; 3) ISTE NETS standards for your
grade level. For each solution, you must briefly describe WHO will carry out WHAT
action, HOW it will be done, and WHY it will solve the Instructional Problem.

Solution #1:

Solution #2:

Solution #3:

Solution #4:
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Solution #5:

Solution #6:

Solution #7:

Solution #8:

Solution #9:

Solution #10:
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Select the Most Promising Solution

Step 4: Select Criteria

Your task now is to select the most promising solution from your Step 3 list. Generate
criteria that will help you determine the creative potential and appropriateness of your
solutions. Select and list FIVE criteria that you think are most relevant and important for
evaluating you solution ideas. Each criterion should have a different focus.

List Five Criteria

Step 5: Apply Criteria

Apply the criteria to you solutions for the Instructional Problem. Use each criterion to
rank the solutions in an evaluation matrix. Use a scale from 1 (poorest) to 10 (best) and
enter the numbers in the appropriate columns. Add the ranks you have given to each
solution and enter the sums in the TOTAL column.

Solution Ideas Criteria
Total
(List the solution ideas with simple words) 1 2 3 4 5

#1

#2

#3

#4

#5

#6

#7

#8

#9

#10
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Step 6: Design a Simple Lesson Activity:

Turn your most promising solution into a practical lesson activity. Explain more
specifically what the teacher and students will do, how technology will be used to
support students’ learning styles and creativity, and why this solution will solve the
Instructional Problem you are focused on.

You may consider some of these questions as prompts:
* How will the lesson be implemented?
» What will the teacher and students do?
» How will technology be used to support teaching and learning?
» How will this lesson activity solve the instructional problem?
* How will you evaluate your students’ learning outcomes?
* What are the potential obstacles of your lesson?
* How might you overcome the potential obstacles?

Step 7: Develop Materials for your Activity:

Write the introduction of your lesson and the description of the task that you will use
with your students in class. Provide one or more samples that your students would
create with technology.
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Project 2 Scaffolds
Reflect on Case One

Take a moment to reflect on your performance in Case One. This helps you learn from
your experience and do a better job in Case Two.

As | worked on Case 1, | did well in ...
1.

As | worked on Case 1, | had difficulties with ...
1.

As | worked on Case 1, | wish | had spent more time..
1.
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Select Curriculum Standards for Case Two

The theme of case two is communication and collaboration. Read the text in the gray
box on page 66 of your handout (read the questions but you do not need to answer
them). Try to identify curriculum standards that address communication and/ or
collaboration in your subject area. Write down the number and/or simple description of
the relevant standards in the following boxes.

Number of Standards Simple Description

Plan for Case Two

Read the description of case two in your handout and decide on the most appropriate
curriculum standard you want to teach. Refer to your experience in case one, and make
a plan for how you are going to deal with case two under your teaching situation.
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To investigate the instructional problem(s) with tagching situation, | need to...
1.

To identify effective solution(s) to the instruatal problem, | need to...
1.

To integrate technology in a meaningful and purfudseay, | need to...
1.
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Criteria Point Total
Value Points
Learning activity encourages student communication. List type of
communication:
Learning activity encourages student collaboration.
Total /100




Criteria

Engaging
Introduction

Authentic
Task

Student
Collaboration

Process

Appropriate
Resources
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Project 3 Grading Rubric

: . Total
Unsatisfactory Average Satisfactory Points
Does not engage Some students may biedDraws student into | /10
students. drawn into the the activity, students

activity, some will be engaged in
opportunity for project
engagement
Task is not authentic, Task is not authentic,| Task is authentic, /10
provides little provides some challenging, and
challenge, will be challenge for students.doable. Task is 1-3
difficult to complete. | May be difficult to sentences with
complete. description of task
and student
deliverables.
No opportunity or Students can work in | Students work /10
need to work roles, but can together in
collaboratively, all complete task collaborative roles.
work can be independently Minimum of 3
completed maximum of 5
independently
The process is The process is The process is /15
unorganized; studentsorganized; however, | organized with
are not given any students are not givendefined roles. Each
structure for the enough direction to berole has specific
WebQuest activity. | successful. The resources to help
The teacher will have| students will need solve the authentic
a hard time facilitating guidance when task. Students will
the WebQuest. completing the not need assistance
WebQuest. when working on the
WebQuest.
Less than 5 web Less than 5 web A minimum of 5 web| /15
resources are providedesources are providedesources are
for students. for students. provided for each

Resources are not ageResources may not berole. Resources are
appropriate. Students| age-appropriate or | appropriate for the
will not be able to use useful for the task. All age level and task. At
resources to completeresources are text- | least 2 resources are
the based. interactive.

task.
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There is no link There is some link There is a direct link | /10
Relevant between the required | between the required | between the required
Evaluation task and the task and the task and the

evaluation. evaluation. evaluation.

Does not give Gives some Gives suggestions fcr/10

suggestions for suggestions for teacher use, shows

teacher use, shows npteacher use, shows andirect link to content

Teacher Page link to content and indirect link to conteni and technology

technology integratior) and technology integration standards
standards integration standards
New version of Some changes made | New version of
WebQuest is the samgto new version of WebQuest is
as the original WebQuest; idea couldorganized and easy 1o
version. Very few be expanded to engagillow. When
Creativity and | changes are made andearners comparing the two 10
Effort organization is poor. versions, it is

apparent that many
changes were made
to create an engaging
learning activity.

Write a short reflection about your Case 3 expmegereflection

guestions will be provided on Thursday, April 22. /10

Reflection

Total Points /100
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APPENDIX D. ITERATION 1 INTERVIEW PROTOCOL

p wDdPF

10.
11.
12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

Tell me a little bit about yourself: 1) major, Bars in the university.
What educational courses have you taken before RDOD? What did you learn?
Do you have any teaching or lesson planning expeei® If so, tell me a bit about that.

Why do you take EDIT 2000? What was your expeat&idVhat did you learn on this
course?

Have you experienced similar types of problem-sgprojects before? If yes, how do you
describe your style (your own way or procedurejarking on such projects?

Please briefly describe your experience with thiedtcase projects. What did you do? How
did you feel about the tasks?

From your experience, what are the differences gniba three cases in terms of solving
problems?

What did you do after we provided you the case rilgsan? How did you start?
How did you identify the instructional problemstire cases?

How did you decide on the curriculum standardsytarr case?

How did you come up with the lesson activitiesgolving the case problems?
How did you decide on the technology tools you wanise with your students?

From your experience, what was the relationshigvéen the case problem, the curriculum
standards, the lesson activity, and the technology?

You used the CPS packet in case one. Tell me yqergnce in using it. Do you think it is
helpful or not? How did it help you? What were th#iculties in using the packet?

Did you use it for case two? If yes, how did yoe utsfor case two? Why did you use it?
(Why didn’t you use it?)

You did some reflection and planning at the begigrof case two. Tell me your experience
in doing that. What did you learn?

What were the differences between using the cas@acket and the case two packet?

How did you decide on the three criteria for evahg your solutions and grading your
project? Tell me your experience of using the gatéor your project. Do you think that is
helpful to you? Why?

What was the difference between using your owreatand the teacher’s rubric, like case
3?

What resources did you use in solving the casel@md®? How did you use them? Are they
helpful or not? Why?(e.g., Web resources, reading, peer discussiostruator, class
activities)

What difficulties did you meet in the three progtHow did you deal with the difficulties?



153

APPENDIX E. ITERATION 2 CASE STORIES
Project 1 Case Story
Case One: Communication and Collaboration

The grant your school applied for was awarded and you have access to several new
computers in your classroom. You are excited about the computers and want to use
them to support students' communication and collaboration, which are important skills
for for your students to have. From your previous experience, you know that students
are more motivated to learn when they are given the opportunity to collaborate in
groups and communicate their ideas to a "real audience”. More importantly, they can
help each other with difficulties and negotiate conflicting opinions though collaboration,
which leads to deeper understanding of course content.

However, you remember that things don't always go smoothly when your class does
collaborative projects. You remember that during the last collaborative learning project,
students seemed to be actively talking to each other, but not everyone learned as much
as they were expected to due to a number of problems. For example, some students
contributed a lot and even dominated the teamwork, while some students were not truly
engaged and kept talking about irrelevant things. Some groups of students really
seemed to respond well from the activity, while others seemed to learn very little. While
negotiating different ideas, some students failed to listen to each other carefully before
they gave responses, which resulted in unpleasant collaboration that ended up with
conflicts, disagreements, and even quarrels.

The current curriculum standard you are planning to teach can best be achieved by
using teaching strategies that emphasize peer interaction and collaborative learning.
You know from your EDIT 2000 class that technology can provide your students with
rich learning resources, productivity tools, and communication tools. You decide to
integrate technology with teaching strategies to address the problems you have
experienced with communication and collaboration.
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Project 2 Case Story
Case Two: Creativity and Innovation

Things went pretty well with your last learning activity. The principal even stuck her
head in to see what was going on - collaboration and communication can by pretty noisy
at times! You really feel like your students were engaged in their learning. You stepped
out of your comfort zone and created a learning environment that met the needs of your
digital learners. You talked with some students after the project and these are some of
the things they said:

"I really enjoyed working with a group, it was nice not having to make decisions
on my own."

"It was really interesting to get a chance to work with people who aren't in our
class. | hope we get the chance to do that again!"

"l actually understand why we were supposed to learn this!"

You're glad that students enjoyed the activity and can see how they are able to apply
what they have learned. However, during the activity you sometimes heard things like
this within student groups:

"l can't think of anything else, let's just go with our first idea."”

"We did something like this in my afterschool program, I'll show you what we did
and we can just copy it."

"Okay, we've finished everything on the checklist, | guess we're done.”

"I'm really good at using *insert technology here *, so this should be easy!"

"Did she say how much we were supposed to write?"

You want your students to push themselves to think. You want your students to be
creative. You don't want them to just learn the material for the test. You want them to
understand it, apply it, and think about it in new ways. You've read a bit about creativity
and you know that anyone can be creative when given the right scaffolding or support.
You decide that the next curriculum standard you are teaching is perfect for stretching
your student's creative muscles - and you know of some really useful technology tools
that can support their creativity. So, on with your next lesson - where students will use
technology to promote creativity AND learn your curriculum standard.
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Project 3 Case Story
Case Three: Research and Problem Solving

You are amazed at your students' creativity! You feel a little guilty that you haven't given
them opportunities to do this kind of work before. It's not that you didn't think they were
capable - you just didn't realize how capable they were.

However, you find there is still something to be improved because many students failed
to think critically which was crucial to in-depth understanding. Although the students had
been busy with collecting information and developing products during the hands-on
activities, many of them simply compiled all the information they got into a product,
without carefully analyzing, synthesizing and evaluating the resources. Even though
they generated some creative thoughts based on the materials or information they
collected, they did not do much critical reasoning with their ideas to distinguish the
appropriate and inappropriate ones. You also notice that your students usually placed
more emphasis on the end product of their project rather than the learning process,
which was intended to help them construct meaningful knowledge and develop critical
thinking, problem-solving, and inquiry skills. There is a danger that the students may
just learn something superficial if they fail to understand what they are doing and why.

The third curriculum standard you are going to teach involves critical thinking and
problem-solving skills. Based on your technology integration experience and the
problems you have noticed, you believe that it is time to develop a lesson to engage
your students in research and problem-solving activities by using technological tools
and resources. Your goal is to promote students' critical reasoning and doing with
understanding.
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APPENDIX F. ITERATION 2 SCAFFOLDS
Project 1 Scaffolds

Case One: Communication and Collaboration

Step 1: Select Curriculum Standard
Select a curriculum standard from your subject/grade level that involves or requires
communication and collaboration.

1) What curriculum standard will you address in thi S lesson?

2) Why did you choose this curriculum standard?

Step 2: Identify the Challenges

Situate your the standard that you are going to teach into the case scenario and think
about what specific challenges, in terms of communication and collaboration, you might
meet in teaching this standard. List your challenges in the following area (Number each
challenge) .

Step 3: Frame the Instructional Problem

Based on the challenges you listed in Step 2, which one is the biggest issue? This will
be your instructional problem. Describe the problem that you want to solve in this case
project. Make sure your instructional problem is relevant to communication and
collaboration and could benefit from technology integrated teaching and learning.

1) What is your instructional problem?



157

2) Why is this instructional problem important?

Step 4: Generate Solutions

Think about how you might incorporate technology into teaching and learning to solve
your instructional problem. Review Chapter 3 in your textbook to learn about
communication and collaboration and the sample lessons while you are working on this
step. Consider the different technological tools you have learned either in EDIT 2000 or
by yourself and brainstorm as many solution ideas as you can. List your solutions in the
following area (Number each solution)

Step 5: Select Criteria

Your task now is to select the most promising solutions from your Step 4. Generate
criteria that will help you determine the appropriateness of your solutions. Select and list
FIVE criteria that you think are most relevant and important for evaluating your
solutions. Each criterion should have a different focus.

List Five Criteria

1)
2)
3)
4)
5)

Step 6: Apply Criteria

Apply the criteria to your solutions for the Instructional Problem. Use each criterion to
rank the solutions in an evaluation matrix. Use a scale from 1 (poorest) to 10 (best) and
enter the numbers in the appropriate columns. Add the ranks you have given to each
solution and enter the sums of the TOTAL column.
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(SurSn?Luatir?zr:es our Criteria Total
solutionsgl 1 2 3 4 S
1
2
3
4
5
6
7
8
9
10

Step 7: Design your Lesson

Turn your most promising solution into a practical lesson plan. Explain more specifically
how you will implement your lesson, how you will use technology to support
communication and collaboration, and why your lesson activity will solve your the
instructional problem. Here is the information you should include:

Lesson Title

Grade/Content Area

Lesson Duration

*State Objectives (these will come directly from the Georgia Performance Standards)
*Select Tools, Materials, and Teaching Methods (what will you use to accomplish this
learning activity?)

*List Student Task/Product (what is the specific task you want students to complete?
This should be no more than 3 sentences).

*Describe Learner Participation (describe the steps of the learning activity. How will
students be divided into groups with specific responsibilities, how will the lesson be
introduced, how will you monitor student learning during the activity, what will students
be doing during the activity?)

*Evaluate Learner Outcomes (describe how you will know students have achieved your
stated learning objectives).

*Create a Student Sample (Provide one sample that you expect your students would
create in this lesson.)
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Project 2 Scaffolds

Case Two: Creativity and Innovation

Before reading Case Two scenario, respond to the fo  llowing questions:

1. In my opinion, a good lesson designer is ...

2. How can | help my target audiences learn? How important is my role as a lesson
designer?

Step 1: Select Curriculum Standard (required!!)
Select a curriculum standard that is relevant to creativity and innovation in your subject
area and grade level.

1) What curriculum standard that you will address i n this lesson?

2) Why do you choose this curriculum standard?

Step 2: Identify the Challenges

Situate your curriculum standard in the case scenario and think about what specific
challenges, in terms of creativity and innovation, you might meet in teaching this
standard. List your challenges in the following area (Number each challenge) .

Step 3: Frame the Instructional Problem (required!! )
Based on the challenges you listed in Step 2, identify the underlying instructional
problem that is of major importance. Describe the problem that you want to solve in this
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case project. Make sure your instructional problem is relevant to creativity and
innovation and could benefit from technology integrated teaching and learning.

1) What is your instructional problem?

2) Why is this instructional problem important?

Step 4: Generate Solutions

Think about how you might incorporate technology in teaching and learning to solve
your instructional problem. Read Chapter 3 in your textbook to learn about creativity and
innovation and the sample lessons while you are working on this step. Consider the
different technological tools you have learned either in EDIT 2000 or by yourself and
brainstorm as many solution ideas as you can. List your solutions in the following area
(Number each solution)

Step 5: Select Criteria (required!!)

Your task now is to select the most promising solutions from your Step 4. Generate
criteria that will help you determine the appropriateness of your solutions. Select and list
FIVE criteria that you think are most relevant and important for evaluating your
solutions. Each criterion should have a different focus.
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Step 6: Apply Criteria

Apply the criteria to your solutions for the Instructional Problem. Use each criterion to
rank the solutions in an evaluation matrix. Use a scale from 1 (poorest) to 10 (best) and
enter the numbers in the appropriate columns. Add the ranks you have given to each
solution and enter the sums of the TOTAL column.

Step 7: Design your Lesson (required!!)

Turn your most promising solution into a practical lesson plan. Explain more specifically
how you will implement your lesson, how you will use technology to support creativity
and innovation, and why your lesson activity will solve your the instructional problem.
Here is the information you should include:

Lesson Title

Grade/Content Area

Lesson Duration

*State Objectives (these will come directly from the Georgia Performance Standards)
*Select Tools, Materials, and Teaching Methods (what will you use to accomplish this
learning activity?)

*List Student Task/Product (what is the specific task you want students to complete?
This should be no more than 3 sentences).

*Describe Learner Participation (describe the steps of the learning activity. How will
students be divided into groups with specific responsibilities, how will the lesson be
introduced, how will you monitor student learning during the activity, what will students
be doing during the activity?)

*Evaluate Learner Outcomes (describe how you will know students have achieved your
stated learning objectives).

*Create a Student Sample (Provide one sample that you expect your students would
create in this lesson.)
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Project 3 Scaffolds

Case Two: Critical Thinking and Problem Solving

Before reading Case Three scenario, respond to the  following questions:
1. Self-evaluate your own understanding on "critical thinking" and "problem-solving"

skills?

2. Think back your previous experiences that you applied critical thinking or problem-
solving skills. How did you learn these skills?

Step 1: Select Curriculum Standard (required!!)
Select a curriculum standard that is relevant to research and problem solving in your
subject area and grade level.

1) What curriculum standard that you will address i n this lesson?

2) Why do you choose this curriculum standard?

Step 2: Identify the Challenges

Situate your curriculum standard in the case scenario and think about what specific
challenges, in terms of research and problem solving, you might meet in teaching this
standard. List your challenges in the following area (Number each challenge) .
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Step 3: Frame the Instructional Problem (required!! )

Based on the challenges you listed in Step 2, identify the underlying instructional
problem that is of major importance. Describe the problem that you want to solve in this
case project. Make sure your instructional problem is relevant to research and problem
solving and could benefit from technology integrated teaching and learning.

1) What is your instructional problem?

2) Why is this instructional problem important?

Step 4: Generate Solutions

Think about how you might incorporate technology in teaching and learning to solve
your instructional problem. Read Chapter 3 in your textbook to learn about research and
problem solving and the sample lessons while you are working on this step. Consider
the different technological tools you have learned either in EDIT 2000 or by yourself and
brainstorm as many solution ideas as you can. List your solutions in the following area
(Number each solution) .

Step 5: Select Criteria (required!!)

Your task now is to select the most promising solutions from your Step 4. Generate
criteria that will help you determine the appropriateness of your solutions. Select and list
FIVE criteria that you think are most relevant and important for evaluating your
solutions. Each criterion should have a different focus.
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Step 6: Apply Criteria

Apply the criteria to your solutions for the Instructional Problem. Use each criterion to
rank the solutions in an evaluation matrix. Use a scale from 1 (poorest) to 10 (best) and
enter the numbers in the appropriate columns. Add the ranks you have given to each
solution and enter the sums of the TOTAL column.

Step 7: Design your Lesson (required!!)

Turn your most promising solution into a practical lesson plan. Explain more specifically
how you will implement your lesson, how you will use technology to support
communication and collaboration, and why your lesson activity will solve your the
instructional problem. Here is the information you should include:

Lesson Title

Grade/Content Area

Lesson Duration

*State Objectives (these will come directly from the Georgia Performance Standards)

*List Student Task/Product (what is the specific task you want students to complete?
This should be no more than 3 sentences).

*Describe Learner Participation (describe the steps of the learning activity. How will
students be divided into groups with specific responsibilities, how will the lesson be
introduced, how will you monitor student learning during the activity, what will students
be doing during the activity?)

*Evaluate Learner Outcomes (describe how you will know students have achieved your
stated learning objectives).
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APPENDIX G. ITERATION 2 INTERVIEW PROTOCOL

Tell me your major and year in the university. Foeg educational courses? Teaching and
lesson planning experience? Technology skills? WBYT 2000, what appeals to you?

Recall the moment when you are provided with treecdories, how did you get started?

Select curriculum standards

Identify the challenges

Define the instructional problem you want to addres

How did you use the steps/questions on the Googtaient when you get started? (step 1-
3)

Do you think it's important to do so? How do younthit helped with problem-solving?

After identifying the instructional problem, whatld/ou do?

Select technology tools

Design learning activities

What resources did you use from identifying prolddémcoming up with solutions? (Internet,
book, peer, and instructor)

How did you do brainstorming and decision-makinigkjmg solutions)?

Do you think it's important to do so? How do younthit helped with problem-solving?

Tell me your experience of selecting and applyinagryown criteria.

How did you make your own criteria?

How did you use the criteria, both yours and tlaehers’?

What was it like for you when using your own cridéx

How did you use the number chart?

Do you think it's important to do so? How do younthit helped with problem-solving?

Tell me your experience of developing your solutidea into a full lesson plan.

What did you do?
How did you elaborate on your solution idea? Gixanaple
What resources did you use to develop your lestm?[(Internet, book, peer, and instructor)

Tell me your experience of reflection after a cass done (or during the case).

How did you reflect? Give example.

How did you use the reflection questions?

What did you learn from reflection?

What did you do differently in the following case?

Do you think it's important to do so? How do younthit helped with problem-solving?

Given what you said about your problem-solving eiqree, as a preservice teacher

What does it mean to you by solving case problekesthis?
What do you think you got/learned out of the thrase projects?
How do you make sense of the guidance we provided?

What do you think you got/learned out of using geance?
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How do you describe yourself in terms of approaghire problematic teaching situations?
How is it different from your previous understargin

How will this experience affect how you approacbktsaituations in future?

Suppose | am a teacher who is thinking about usidignology in teaching but hasn’t done
that before, what are the key issues that you thaftould be aware of?

How do you think this course will affect you as ymntinue your professional development
as a teacher?
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APPENDIX H. ITERATION 3 SIMULATED TEACHING SCENARIS
New Teacher Welcome L etter

The Aderhold School
"Supporting 21st Century Learners”

January 15, 2010

Dear New Teacher,

Welcome to The Aderhold School. We have so manitiegahings planned for our students
this year! | know you will be an asset to our conmityyas we work diligently to meet the needs
of all of our students.

Our challenge this year is ensure that all studeaw® an opportunity to become proficient as
21st century learners. We want our students to bppertunities to communicate with peers and
experts outside of our school walls. We want sttelemcollaborate with one another and to
have opportunities to be creative in their learnibg important for our students to use critical
thinking skills to solve real-world problems.

In order to meet this challenge, | have schedude@ral professional development opportunities
for all classroom and resource teachers. In theskshops you'll learn how to use technology to
provide opportunities for your students to: comneate and collaborate, create and innovate,
think critically, and solve problems. | expect tgati will also find that the tools you learn will
help you in your own personal and professionaklive

In addition, | have invited experienced teachensaok with you as you prepare these 21st
century learning activities for your students. T&agentors will be available online as you are
working on your projects. Your professional devehgmt instructors will give you more
information about contacting your mentor teachers.

This year our teachers are encouraged to applgéhinology grants, work with resource
teachers to develop student activities, and ppeteiin a district-wide project to support student
critical thinking. I think you will find many way® use what you've learned in your technology
workshops as you participate in these opportunities

I'm looking forward to a great school year!
Dr. Ima Learner

Principal
The Aderhold School
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Last Name | First Name | Gender | Socioeconomic Status | Learning Styles Learning Abilities | Learning Attitudes
Bourdeau Danyanita Female free/reduced lunch visual low motivation

Dixon Anita Female auditory medium motivation
Emerson Daniel Male free/reduced lunch visual resoalass low motivation
Gabbitas Tomas Male auditory gifted program high motivation
Kabala Ethan Male free/reduced lunch kinesthetic fte@iprogram high motivation
Gonzalez Matthew Male free/reduced lunch kinestheti medium motivation
Kim Eunjung Female auditory gifted program medium motivation
Kim Sangchul Male free/reduced lunch auditory reselass low motivation
O'Kain Mari Female auditory resource class medium motivation
Sullivan William Male visual high motivation
Schultz Lila Female kinesthetic medium motivation
Sullivan Jennifer Female kinesthetic medium motivation
Tejada Reagan Female visual high motivation
Wang Miranda Female kinesthetic medium motivation
Wang Guogin Male kinesthetic high motivation

Zhao Jonathan Male kinesthetic resource class medium motivation
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Spring 2010 School Improvement Plan: New Teacher Professional Development

Preplanning

v

Task One:
Communication

v
Task Two:
Creativity and
Innovation

v

Task Three:
Critical Thinking
and Problem

Qnlyrinr

Goals

My Professional

My Classroom

Portfolio Tools

Learner Aptitudes

Curriculum Standards

Engaging in Your Classroom

Introducing yourself
Identifying subject area
and grade level

Getting to know students
Creating the learning
environment

Talking about your goals

1
1
I
1
1
1
1
1
1
| E—

1
I
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
I
1
1
1
1
1
1
L

Organizing Tools

Communication

Reading & Reflection

Thinking Like A Teacher:
Promoting Communication
and Collaboration

Identifying problems
Generating solutions
Making decisions
Creating a lesson story

Storytelling Tools

Brainstorming Tools

Reading & Reflection

Thinking Like A Teacher:
Promoting Creativity and
Innovation

Identifying problems
Generating solutions
Making decisions
Creating a lesson story

Web Resources

Web Inquiry Tools

Reading & Reflection

Thinking Like A Teacher:
Promoting Critical Thinking
and Problem Solving

Identifying problems
Generating solutions
Making decisions
Creating a lesson story

Developing knowledge of
technology and teaching strategi

Applying knowledge to solve

instructional problems
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Project 1 Scenario
Foundation for 21st Century Learning
"Funding the communication and collaboration oftZdsntury Learners"

The Foundation for 21st Century Learning is calliogproject proposals to develop K12
learning activities, whose objective would be te technology to improve the opportunities for
communication and/or collaboration among K-12 leesnTopics covered may include: any
standard listed in the Georgia Performance Stasdéwdument.

This initiative is in response to growing conceugolack of meaningful opportunities for K12
students to communicate and collaborate in andd®uts traditional learning environments.
Communication and collaboration skills, especiadliated to the use of technology, are essential
to succeed in the 21st century. The Foundatiorbet we should prepare students by
embedding these skills in their content learningm@unication and collaboration activities also
enhance content learning by creating an autheotialsenvironment.

While the Foundation for 21st Century Learning wdhsider all proposals dealing with the
integration of technology to support communicatmal collaboration, it particularly prefers
proposals based on the National Educational Teolgydbtandards (NETS) which encourage
students to use digital media and environment®moncunicate and work collaboratively,
including at a distance, to support individual feag and contribute to the learning of others.
Specifically, the Foundation seeks lessons that@age students to:

* Interact, collaborate, and publish with peers, etsper others employing a variety of
digital environments and media.

» Communicate information and ideas effectively tdtiple audiences using a variety of
media and formats.

* Develop cultural understanding and global awarebgsngaging with learners of other
cultures.

» Contribute to project teams to produce original kgaor solve problems.

All applications should be clearly marke@GRANT PROPOSAL" . All complete applications

will be considered on a merit basis either by thetees of the Foundation or by an advisory
committee appointed by it. All applications becatine property of the FoundatioDeadline for
submission is Tuesday, February 23 at 5 pm. Awards will be made on a merit basis, judged on
the importance of the project to the Foundation&sion, and also upon the availability of funds.
All decisions made by the Foundation will be final.

The Foundation for 21st Century Learning is a nosfip charitable foundation.

Dr. Lotsa Qian
Executive Director
Foundation for 21st Century Learning
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Project 2 Scenario
Good afternoon,

Congratulations on your successful grant propd$alv that you have all of these new tools in
your classroom | think you might be able to help smme of the gifted children in your class.
You have several gifted students in your classraaohl want to make sure that they (and all
students at our school) have as many opporturatigsossible to be creative. But | need some
help from you.

| attended a conference on gifted education laskveed | went to a session where we learned
about many different types of technology toolsavé a really hard time figuring out which ones
would be the best to use with your students. I'ttirgetogether a group of teachers today and
Thursday to look at the tools with me and to brima ways that we can use the tools to
promote student creativity and innovation. Sinca'ye already done such a great job using
technology to support communication and collaboratil was hoping you might help me to do
the same with creativity and innovation.

This is the ISTE standard that I'm working fronmolpe you'll be able to select some of the tools
from this meeting and give me some ideas for legraictivities that could be conducted with
them.

Students demonstrate creative thinking, constrnotwkedge, and develop innovative products
and processes using technology. Students:

apply existing knowledge to generate newasgdproducts, or processes.
create original works as a means of persongfoup expression.

use models and simulations to explore coxgystems and issues.
identify trends and forecast possibilities.

apop

Thanks in advance for all of your help,

Mrs. Eno Vate
Gifted Teacher
The Aderhold School
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APPENDIX I. ITERATION 3 SCAFFOLDS
Project 1 Scaffolds

Think Like A Teacher #1
Supporting Communication and Collaboration

Teacher Name:

Activity Name: (do this last)
Grade/Subject:

Curriculum Standard:

NETS Standard:

Step 1: Planning Ahead

In order to do a good job in this grant applicatimhat are the important things that you need to
consider as a teacher (e.g., your goals)? It iortapt for you to think about the big picture
before worrying about details.

Step 2: Challenge Quest

1) What are the potential instructional problemslwallenges that you would encounter?
2) Why are they important or not?

Explore and evaluate the possible challenges.

Step 3: Innovation-in-Action

What communication and collaboration activities géaxhnology tools could you use to address
the challenges you believed to be important? Expbmssible instructional strategies using the
resources such as the links on the blog, your méeacher, and examples in the textbook
(indicate the sources of your ideas).

Step 4: Decision Making

Among the possible instructional strategies youegated above,
1) Which one(s) would be the best for your lesson?

2) Why do you think so?

Explain the reason behind your decision.
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Step 5: Storytelling

Tell a story of how you implemented the lesson. ®alre you address the following questions:
1) How did you introduce the activity to engage rystudents?

2) What did students do during the activity? Howlw& they perform?

3) What did you do during the activity to faciléastudent learning?

4) How did you know that your students met youricutum goals or not?

Appendix

1) Student Sample
The student sample should show how the lessonitgativoacted student content learning and
engaged them in communication and collaboratiorodppities.

2) Budget Estimate
The budget estimate should include all hardwaresaffiivare needed to provide 21st century
learning opportunities for your students.
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Project 2 Scaffolds

Think Like A Teacher #2
Supporting Creativity and Innovation

Step 1. Challenge Quest

Brainstorm ideas about the positives and negat¥@somoting creativity in school. Use
Bubbl.us or Inspiration to create a brainstormirgpm

List the challenges you identified in your brainstong map.

agrwnE

Step 2: Innovation-in-Action
Brainstorm ideas for mini-lesson activities andjalihem with the challenges they could
address. Multiple tools can be used in the sameitgcind the same tool can be used in multiple

ways.

Tools L esson Activities Challenges
(brief ideas) (numbers)
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Step 3: Decision Making

Using the Characteristics of Effective Creativitgsks listed on p. 129 in your textbook, give
each of your possible lessons a "yes", "no", oryled. Then, select the lesson activity rated the
most “yes” responses.

Criteria Activity #1 Activity #2 Activity #3 Activity #4 Activity #5

Focuses on
content

Emphasizes
divergent
thinking

Incorporates
creativity
strategies

Provides
informational
feedback

Write an argument to justify your selection of thsson activity.

Step 4: Lesson Activity
Elaborate on the lesson activity you selectedep 8t Remember, you're helping the gifted
teacher select activities to use with your giftedlents.
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Project 3 Scaffolds

Think Like A Teacher #3
Supporting Critical Thinking and Problem Solving

Teacher Name:
Grade/Subject:

Step 1: Planning Ahead
Based on your experience in TLAT #1 and TLAT #2,
1) What thinking strategies would you keep using AT #37?

2) What do you expect to do differently in TLAT #3?

Step 2: Situation Analysis

1. Before designing your lesson, it is importanamalyze the context from Content, Pedagogy,
and Technology perspectives and to clarify thdatrenships. Create a brainstorming web to
help you do the analysis and use the following tjoes as a guide.

1) What are the goals of supporting critical thimdd{problem solving in content learning?

2) What are the characteristics of a good critilsaiking/problem solving lesson?

3) How can technology integration promote critidahking/problem solving skills?

4) What are the challenges of developing critibalking/problem solving skills in your class?

2. Write a short paragraph based on your brainstgymeb to describe what you would like to
achieve in designing the critical thinking/probleoiving lesson.

3. What curriculum standards would be relevanh#itleas on your brainstorming web and your
goals of designing this lesson? Identify 2-3 cwiuen standards and number them.

Step 3: Innovation-in-Action

What possible lesson activities and technologystaoluld address the ideas you identified in
section 2? Brainstorm ideas of technology toolslasgon activities while keeping in mind what
you would like to achieve. Align the tools and @ssctivities with the number of curriculum
standards.
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Tools L esson Activities Curriculum
(brief ideas) Standards

Step 4: Decision Making

Identify 3-4 criteria based on section 2 Situatioralysis to evaluate the problem solving/critical
thinking lesson activities. Rate your possible desactivities on a scale of 1-4 as to how well
they meet the criteria (1=not met, 2=somewhat B8memet, 4=met adequately).

Criteria Activity #1 Activity #2 Activity #3 Activity #4 Activity #5

Make a decision on which lesson activity you wdikd to use. Write an argument to justify
your decision.
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Step 5: Lesson Development
Briefly describe the procedure of implementing lgsson you selected. Make sure you include

1) introduction, 2) teacher activities, 3) studactivities, and 4) evaluation.
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APPENDIX J. ITERATION 3 SURVEY INSTRUMENTS

Project 1 Survey

The purpose of this interview is to let us knowryogerience in the first Think Like A Teacher
project. The information you provide will help usgrove this activity in future EDIT 2000

classes.

Class section: 8:00/9:30/11:00/12:30

We want to know more about your background.

Are you interested in becoming a teacher?
Not interested at all

Not so interested

Somewhat interested

Interested

Very interested

I B Y

Prior to EDIT 2000, how many teaching
related courses have you taken (e.qg.,
Educational Psychology, Method courses,
etc.)?

[0 None
01

0 2

0 3

0 4

[0 5ormore

ID Number:

How many hours have you been interacting
with students similar to those in your
project?
'] None
1-10
11-20
21-30
31-40
41 or more

N I B B

How many hours have you been teaching

students similar to those in your project?
'] None

1-10

11-20

21-30

31-40

41 or more

N I B B

We want to know your process in completing thegutoj

How much time did you spend on Challenge
Quest to explore the potential instructional
problems?
'] 10 minutes in class
[J 10 minutes in class plus less than 30
minutes after class
] 10 minutes in class plus about 30
minutes after class
[J 10 minutes in class plus more than
30 minutes after class

] 10 minutes in class plus one hour or
more after class

How many potential instructional problems
did you explore?

01
02
03
04
L] 5 ormore



How much time did you spend on
Innovation-in-Action to explore possible
tools and lesson activities?

[] Less than 30 minutes
Between 30 minutes to one hour
About one hour
Between one to two hours
Two hours or more

0 I W A O

How many possible communication and
collaboration tools did you consider?
01
02
03
04
'] 5 ormore
How many possible lesson activities did you
generate?
01
02
03
04
'] 5 o0ormore
What resources helped you identify
instructional problems and generate lesson
activities (multiple)?
] My learning experience
My teaching experience
Knowledge from education courses
Textbook
Links on the course blog

I I T
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Online mentor
Instructor

Peers in the class
Other:

[ I O B

How much time did you spend on Decision
Making to decide which tool(s) and lesson
activity to use?
] 10 minutes in class
] 10 minutes in class plus less than 30
minutes after class
[J 10 minutes in class plus about 30
minutes after class
] 10 minutes in class plus more than
30 minutes after class
[J 10 minutes in class plus one hour or
more after class

What helped you make your decision on
which tool(s) and lesson activity to use
(multiple)?
] My initial preference
[l My goals/ideas in Planning Ahead
(1 The instructional problems identified
in Challenge Quest
{1 The Characteristics of effective
technology-supported
communication and collaboration
task
(1 listed in the textbook and discussed
in class
(] Other:

We want to know your thinking strategies duringphaect.

| considered the things | planned ahead in
section 1 when working on the other
sections.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

[ I O N A

| reflected on what | already knew and what
| needed to know as a beginning teacher.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

0 I R 0 R B



| was clear about what instructional
problems to address before exploring them
in Challenge Quest.

Strongly disagree

Disagree

Neutral

Agree

Strongly agree

I B Y

| decided which technology tool(s) and

lesson activity to use early in this project.
(] Strongly disagree

Disagree

Neutral

Agree

Strongly agree

0 I B N A

After exploring possible lesson activities, |

felt all the ideas | considered were great.
(] Strongly disagree

Disagree

Neutral

Agree

Strongly agree

0 I B N A

| designed the lesson activity based on my
prior knowledge and experience.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

0 I B N A

| designed the lesson activity using the
teaching resources | found or were provided
in this class.

(] Strongly disagree

] Disagree
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] Neutral
(] Agree
[J Strongly agree

| referred to the Grant Proposal Guide to
guide my thinking process.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

0 I T

| referred to the rubric to guide my thinking
process.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

0 I R 0 R B

By working on this project, | gained new
ideas about designing communication and
collaboration activities.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

[ N O B

After this project, | recognize strengths and
limitations in how I think like a teacher.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

[ I O B

Here are some tentative advices for future EDIT@8Qidents. We want to know your opinions

based on your experience in this project.

You need to analyze potential instructional
problems from different perspectives.
] Not important at all

'] Not so important
[l Somewhat important
[l Important



[l Very important

You need to synthesize the different

perspectives to identify the instructional

problem.

1 Not important at all
Not so important
Somewhat important
Important
Very important

[ O A

You need to determine the most important

instructional problem to focus on.
1 Not important at all

Not so important

Somewhat important

Important

Very important

(I O B

You need to consider multiple lesson
activities you could possibly use.
1 Not important at all
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Not so important
Somewhat important
Important

Very important

[ I O B

You need to explore the details of the lesson
activities you consider.
1 Not important at all
Not so important
Somewhat important
Important
Very important

0 I T

You need to compare and contrast possible

lesson activities before making a decision.
] Not important at all

Not so important

Somewhat important

Important

Very important

0 I T

We want to know your suggestions about the guidesecprovided (e.g., Grant proposal guide,

rubric, class activities).

What guidance was helpful for you to complete thigect?

What guidance was confusing or not helpful for y@eomplete this project?

What additional guidance would help you do a bagtterin this project?
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Project 2 Survey
The purpose of this interview is to let us knowrymgerience in the second Think Like A
Teacher project. The information you provide wélghus improve this activity in future EDIT
2000 classes.
Class section: 8:00/9:30/11:00/12:30 ID Number:

We want to know your process in completing thegatoj

How much time did you spend on [ 4
brainstorming challenges (section 1) of 1 5 or more
promoting creativity in curriculum?
71 10 minutes in class How many possible mini-lesson activities
] 10 minutes in class plus less than 30| did you generate?
minutes after class 01
[J 10 minutes in class plus about 30 0 2
minutes after class 03
] 10 minutes in class plus more than 4
30 minutes after class 1 5 or more
] 10 minutes in class plus one hour or
more after class What resources helped you identify
challenges and generate mini-lesson
How many potential challenges did you activities?
explore? ] My learning experience
01 1 My teaching experience
2 ] Knowledge from education courses
3 ] Textbook
4 ] Links on the course blog
"} 5ormore ] Online mentor
[l Instructor
How much time did you spend on 7 Peers in the class
Innovation-in-Action (section 2) to explore | Other:
possible tools and mini-lesson activities?
0 Less than 30 minutes How much time did you spend on Decision
"1 Between 30 minutes to one hour Making (section 3) to decide which tools
"} About one hour and mini-lesson activities to recommend to
] Between one to two hours the gifted teacher?
"} Two hours or more 1 10 minutes in class
] 10 minutes in class plus less than 30
How many possible creativity and minutes after class
innovation tools did you consider? 1 10 minutes in class plus about 30
01 minutes after class
o2 ] 10 minutes in class plus more than

03 30 minutes after class



[J 10 minutes in class plus one hour or
more after class

What helped you make your decision on
which tools and mini-lesson activities to
recommend?
] My initial preference
] My goals of promoting creativity in
curriculum
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'] The potential challenges of
promoting creativity in curriculum |
brainstormed in Challenge Quest

[l The criteria of effective creativity
task listed in the textbook and in the
TLAT #2 guide

(1 Other:

We want to know your thinking strategies duringphaect.

| analyzed different challenges of promoting
creativity in curriculum and their
relationships.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

0 I B N A

| was clear about what instructional
challenges to address before exploring then
in Challenge Quest (section 1).

Strongly disagree

Disagree

Neutral

Agree

Strongly agree

0 B Y

| decided which technology tools and mini-
lesson activity to recommend early in this
project.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

(I O B

| was engaged in generating multiple,
alternative ideas of mini-lesson activities in
Innovation-in-Action (section 2).

(] Strongly disagree

] Disagree

[1 Neutral

[l Agree
[J Strongly agree

After evaluating the possible mini-lesson
activities with criteria in Decision Making
(section 3), | felt all the ideas | considered
were great.

(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

0 I I N A

| generated ideas for the mini-lesson
activities based on my prior knowledge and
experience.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

0 I T

| generated ideas for the mini-lesson
activities using the teaching resources |
found or were provided in this class.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

(0 I O N A



By working on this project, | gained new
ideas about designing creativity and
innovation activities.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

0 I W A O

| followed the steps on the TLAT #2 guide
in completing this project.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

0 I B N A

| identified the challenges | listed (section 1)
from creating the brainstorming map.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

0 I B N A

| could generate the same list of challenges
without creating the brainstorming map.
Strongly disagree

Disagree

Neutral

Agree

Strongly agree

I I B B

| used the table in Innovation-in-Action
(section 2) to generate multiple mini-lesson
activities.

(] Strongly disagree

] Disagree

‘1 Neutral
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] Agree
[J Strongly agree

| would still consider multiple mini-lesson
activities even if | was not provided with
that table in Innovation-in-Action (section
2).

Strongly disagree

Disagree

Neutral

Agree

Strongly agree

N B B

| used the table in Decision Making (section
3) to select the appropriate ideas for mini-
lesson activities.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

[ N O B

| ended up selecting mini-lesson activities
different from my initial preference.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

[ I O B

TLAT #2 guide was helpful for designing
mini-lesson activities.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

0 I T

Here are some tentative advices for future EDIT@8Qidents. We want to know your opinions

based on your experience in this project.



You need to analyze potential instructional
problems or challenges from different
perspectives.
] Not important at all
Not so important
Somewhat important
Important
Very important

0 I W A O

You need to synthesize the different
perspectives to identify the instructional
problems or challenges.
1 Not important at all
Not so important
Somewhat important
Important
Very important

I I T

You need to determine the most important

instructional problems or challenges to focus

on.
Not important at all
Not so important
Somewhat important
Important

I I B B

Very important

We want to know your suggestions about the guidesecprovided (e.g., Grant proposal guide,

rubric, class activities).

You need to consider multiple lesson
activities you could possibly use.

] Not important at all
Not so important
Somewhat important
Important
Very important

O O0.

You need to explore the details of the lesson

activities you consider.

] Not important at all
Not so important
Somewhat important
Important
Very important

0 I I N A

You need to compare and contrast possible
lesson activities before making a decision.

] Not important at all
Not so important
Somewhat important
Important

Very important

0 I I N A

What guidance was helpful for you to complete thigect?

What guidance was confusing or not helpful for y@eomplete this project?

What additional guidance would help you do a bgtterin this project?
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Project 3 Survey

The purpose of this interview is to let us knowryogerience in the third Think Like A Teacher
project. The information you provide will help usgrove this activity in future EDIT 2000

classes.

Class section: 8:00/9:30/11:00/12:30

ID Number:

We want to know your process in completing thegatoj

How much time did you spend on Situation
Analysis (section 1) in designing the critical
thinking/problem solving lesson?
] 10 minutes in class
] 10 minutes in class plus less than 30
minutes after class
[J 10 minutes in class plus about 30
minutes after class
] 10 minutes in class plus more than
30 minutes after class
] 10 minutes in class plus one hour or
more after class

How many important ideas (goals,
characteristics, challenges, etc.) did you
identify?
1
02
03
4
[] 5 ormore

How much time did you spend on
Innovation-in-Action (section 2) to explore
possible tools and lesson activities?

[ Less than 30 minutes
Between 30 minutes to one hour
About one hour
Between one to two hours
Two hours or more

0 I B N A

How many critical thinking/problem solving
tools did you consider?

01

02

03
4
] 5 ormore
How many possible lesson activities did you
generate?

01
02
03
4
] 5 ormore
What resources helped you analyze the
situation and generate lesson activities?

My learning experience

My teaching experience
Knowledge from education courses
Textbook

Links on the course blog

Online mentor

Instructor

Peers in the class

Other:

N Y I O A O

How much time did you spend on Decision
Making (section 3) to decide which tools
and lesson activities to use?
[J 10 minutes in class
[J 10 minutes in class plus less than 30
minutes after class
] 10 minutes in class plus about 30
minutes after class
[J 10 minutes in class plus more than
30 minutes after class



[J 10 minutes in class plus one hour or
more after class

What helped you make your decision on
which tools and lesson activities to use?
[l My initial preference
'] My goals of promoting critical
thinking and problem solving in
curriculum
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'] The potential challenges of
promoting critical thinking/problem
solving in curriculum

[l The criteria of an effective critical
thinking/problem solving task

[l Other:

We want to know your thinking strategies duringphaect.

| analyzed the lesson design situation
(section 2) from Technology, Pedagogy, ang
Content perspectives.

(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

0 I B N A

| was clear about what instructional goals
and challenges to address before Situation
Analysis (section 2).
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

0 I R O A

| decided which technology tool and lesson
activity to use early in this project.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

0 I O R O

| was engaged in generating multiple,
alternative lesson activities in Innovation-in-
Action (section 3).
(] Strongly disagree
(] Disagree
] Neutral
[ Agree

(] Strongly agree

The criteria | generated in Decision Making

(section 4) were effective for evaluating the

appropriateness of possible lesson activities.
(] Strongly disagree

Disagree

Neutral

Agree

Strongly agree

0 I T

After evaluating the possible lesson
activities with my criteria (section 4), | felt
all the ideas | considered were great.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

0 I I N A

| generated ideas for the lesson activities
using the teaching resources | found or were
provided in this class.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

0 I N A

By working on this project, | gained new
ideas about designing critical thinking and
problem solving activities.

(] Strongly disagree



Disagree
Neutral

Agree
Strongly agree

(I O B

| followed the steps on the TLAT #3 guide
in completing this project.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

I I T

| used the thinking strategies | planned
ahead (section 1) when working on section
2-5.

Strongly disagree

Disagree

Neutral

Agree

Strongly agree

I I B B

| referred to the lesson design checklist to
monitor my thinking process in section 2-5.
(] Strongly disagree
(] Disagree
1 Neutral
[l Agree
(] Strongly agree

| followed the four guiding questions in
Situation Analysis (section 1) to create the
brainstorming web.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

0 I O R O

| identified goals of designing a critical
thinking/problem solving lesson from
creating the brainstorming web.

(] Strongly disagree

(] Disagree

'l Neutral
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] Agree
[J Strongly agree

| used the table in Innovation-in-Action
(section 3) to generate multiple possible
lesson activities.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

(0 I O N A

Exploring multiple tools and lesson
activities helped me generate more
appropriate ideas.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

0 I N A

| applied the criteria | generated in Decision
Making (section 4) to select the most
appropriate lesson activity.
(] Strongly disagree
Disagree
Neutral
Agree
Strongly agree

[ I O B

My initial preference of the lesson activity

influenced my decision making process.
(] Strongly disagree

Disagree

Neutral

Agree

Strongly agree

0 I T

TLAT #3 guide was helpful for designing

critical thinking/problem solving activities.
(] Strongly disagree

Disagree

Neutral

Agree

Strongly agree

0 I T



You need to analyze potential instructional
problems or challenges from different
perspectives.

1 Not important at all
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Not so important
Somewhat important
Important

Very important

[ I O B

Here are some tentative advices for future EDIT@8Qidents. We want to know your opinions

based on your experience in this project.

You need to synthesize the different
perspectives to identify the instructional
problems or challenges.
] Not important at all
Not so important
Somewhat important
Important
Very important

0 I O R O

You need to determine the most important
instructional problems or challenges to focus
on.

Not important at all
Not so important
Somewhat important
Important

Very important

I O O B

You need to consider multiple lesson
activities you could possibly use.

1 Not important at all
Not so important
Somewhat important
Important
Very important

[ N O B

You need to explore the details of the lesson
activities you consider.
1 Not important at all
Not so important
Somewhat important
Important
Very important

[ I O B

You need to compare and contrast possible

lesson activities before making a decision.
1 Not important at all

Not so important

Somewhat important

Important

Very important

0 I T

We want to know your suggestions about the guidesecprovided (e.g., Grant proposal guide,

rubric, class activities).

What guidance was helpful for you to complete fhigect?

What guidance was confusing or not helpful for y@eomplete this project?

What additional guidance would help you do a bgtterin this project?
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APPENDIX K. ITERATION 3 INTERVIEW PROTOCOLS
Project 1 Interview Protocol

1. Can you tell me your background as an educatiommsajident?
a. Education courses
b. Lesson planning projects
c. Teaching experience
2. Briefly introduce your project
a. What is your project about?
b. What do you like about this project?
3. Recall your thinking process, what did you do afeading the Call for Grant Proposal?
a. Planning
i. What did you plan?
ii. How did you use it?
b. Instructional problem
i. How did you explore? What problems did you explore?
ii. How did you find them?
c. Lesson activity
i. What tools did you consider?
il. What possible activities did you think about?
iii. How did you explore the alternatives?
iv. How did you find them?
d. Make decision
i. How do you think about the ideas you generated?
ii. How did you decide which tool and lesson activiyuse?
lii. What was your reason? Did you consider the charatits, student roll?
e. Create the lesson story
i. How did you use your ideas?
f. Looking back
i. How did you look back?
ii. What did you learn?
lii. What would you do differently?
4. What resources did you use? How did you use them?
a. The textbook
b. Links on the course blog
c. Instructor / online mentor / peers in the class
5. What was your impression of the guidance?
a. How did you use them? How did they help you? Gixaneple
b. What did you like/dislike about the guidance?
c. What additional guidance would help you do better?
6. What advice would you give to future students whibwork on this project?
a. What strategies can they use?
b. How will these strategies help them? How did thelptyou?
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Project 2 I nterview Protocol

1. Briefly introduce your project
a. What mini-lesson activities did you recommend te giifted teacher?
b. What do you like about this project?
2. Recall your thinking process, what did you do afeading the letter from the gifted teacher?
a. Planning
i. Did you do any planning? What did you plan?
ii. How did you use your experience in TLAT #17?
b. Challenge Quest
i. How did you brainstorm challenges of promoting tixety?
ii. How did you find them?
lii. How did you address them?
c. Innovation-in-Action:
i. What tools did you consider?
ii. What possible activities did you think about?
lii. How did you explore the alternative?
iv. How did you find them?
v. When did you decide what tool/activity to use?
d. Make decision:
i. How do you think about the ideas you generated?
ii. How did you decide which tool and lesson activitesecommend?
lii. What was your reason? Did you consider the charatits, student roll?
3. What were the differences in your thinking stragsgir process between TLAT #1 and
TLAT #27?
a. Challenge Quest
b. Innovation-in-Action
c. Decision Making
4. How did you use resources?
a. The textbook
b. Links on the course blog
c. Instructor / online mentor / peers in the class
5. What was your impression of the guidance?
a. How did you use them (concept mapping, brainstogntéile, evaluative table)?
b. How did they help you?
c. What did you like/dislike about the guidance?
d. What difficulties did you experience?
e. What additional guidance would help you do better?
6. What advice would you give to future students whibwork on this project?
a. What strategies can they use?
b. How will these strategies help them? How did thelptyou?
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Project 3 Interview Protocol

1. Briefly introduce your project
a. What was your project about?
b. What do you like about this project?
2. Recall your thinking process, what did you do afeading the letter from the principal?
a. Planning Ahead
i. What did you plan?
il. How did you use the ideas you planned?
b. Situation Analysis
i. How did you create the brainstorming map?
ii. What important ideas did you get from brainstorming
lii. How did you pick curriculum standards?
c. Innovation-in-Action
i. How did you explore multiple tools and lesson atieg?
ii. How did you align the tools, lesson activities, audriculum standards?
lii. How did you relate the lesson activities to yowad in Situation Analysis?
d. Decision Making
i. How did you identify the criteria for evaluatingskon activities?
ii. How did you apply those criteria to select lesscuivaies?
iii. How did you justify your decision?
e. Monitoring
i. How did you use the lesson design checklist?
f. Looking Back
i. What thinking strategies did you learn from deangrihis lesson activity?
ii. How would you apply those thinking strategies itufe?
3. How did you use resources?
a. The textbook
b. Links on the course blog
c. Instructor / online mentor / peers in the class
4. What was your impression of the guidance?
a. How did you use them?
b. What did you like/dislike about the guidance?
c. How helpful was it to
i. Analyze the situation by creating a concept map
ii. Explore multiple tools and lesson activities
lii. Create criteria to evaluate the lesson activities
d. What difficulties did you experience?
e. What additional guidance would help you do better?
5. What advice would you give to future students whibwwork on this project?
a. What strategies can they use?
b. How will these strategies help them? How did thelptyou?
6. After working on the three TLAT projects, what d@he differences in
a. Your ways of thinking like a teacher
b. Strategies of designing technology integrationdass
c. Knowledge of integrating technology
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APPENDIX L. ITERATION 4 SIMULATED TEACHING SCENARIG
New Teacher Welcome L etter
The Aderhold School
"Supporting 21st Century Learners"
August 24, 2010
Dear New Teacher,

Welcome to The Aderhold School. We have so manitiegahings planned for our students
this year! | know you will be an asset to our conmityuas we work diligently to meet the needs
of all of our students.

Our challenge this year is ensure that all studeave an opportunity to become proficient as
21st century learners. We want our students to bppertunities to communicate with peers and
experts outside of our school walls. We want sttglemcollaborate with one another and to
have opportunities to be creative in their learnibg important for our students to use critical
thinking skills to solve real-world problems.

In order to meet this challenge, | have schedubsemsl professional development opportunities
for all classroom and resource teachers. In theskshops, you'll learn some Technological
Pedagogical Content Knowledge (TPACK) that help ysea technology to provide opportunities
for your students to: communicate and collaborateate and innovate, think critically, and
solve problems. | expect that you will also findttthe tools you learn will help you in your own
personal and professional lives.

This year our teachers are encouraged to propsserls to apply for technology grants, work
with resource teachers to develop student actsyiiead participate in a school-wide inquiry
learning project to support student critical thimi | think you will find many ways to use what
you've learned in your technology workshops aspaticipate in these opportunities. Please see
the attached New Teacher Professional Developmead Rlap for details.

I'm looking forward to a great school year!
Dr. Ima Learner

Principal

The Aderhold School

Attachment
Fall 2010 Aderhold School New Teacher Professi@®alelopment Road Map
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Fall 2010 Aderhold School New Teacher Professional Development Road M ap

Portfolio tools

Organizing tools &
Communication tools

"4

Curriculum
standards and
content of

your subject
area

Communication,
Collaboration &
Cooperation
in learning

Curriculum
standards of
your subject
area

Learner
aptitudes &
MET standards

Effective Beginning Teacher

Preplanning
Creating the learning environment

Think Like A Teacher #1
Proposing a technology-supported
communication lesson to apply for a grant

¥Web inquiry tools &
Web resources

-\ X/

Storytelling tools &
Brainstorming tools

| \ Creative thinking Curriculum Critical thinking Curriculum
EaE & Innovation standards and & Problem standards and
processes in content of solving activities content of

your subject
area

your subject
area

learning in learning

New Beginning Teacher

Think Like A Teacher #2
Recommending a technaology-supported
creativity lesson to a gited teacher

Think Like A Teacher #3
Sharing atechnology-supported inguiry
lesson with colleagues in your school

Fall 2010 Aderhold School New Teacher Professional Development Road Map
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TLAT 1 Scenario
Foundation for 21st Century Learning
"Funding the communication and collaboration oftZ1sntury Learners"

The Foundation for 21st Century Learning is calliogproject proposals to do develop K12
learning activities, whose objective would be te technology to improve the opportunities for
communication and/or collaboration among K-12 leesnTopics covered may include: any
standard listed in the Georgia Performance Stasdéwdument.

This initiative is in response to growing conceugolack of meaningful opportunities for K12
students to communicate and collaborate in andd®uts traditional learning environments.
Communication and collaboration skills, especiadliated to the use of technology, are essential
to succeed in the 21st century. The Foundatiorbet we should prepare students by
embedding these skills in their content learningm@unication and collaboration activities also
enhance content learning by creating an autheoti@lsenvironment.

While the Foundation for 21st Century Learning wdhsider all proposals dealing with the
integration of technology to support communicatmal collaboration, it particularly prefers
proposals based on the National Educational Teolgydbtandards (NETS) which encourage
students to use digital media and environment®moncunicate and work collaboratively,
including at a distance, to support individual feag and contribute to the learning of others.
Specifically, the Foundation seeks lessons that@age students to:

a. Interact, collaborate, and publish with peers, etsper others employing a variety of
digital environments and media.

b. Communicate information and ideas effectively tdtiple audiences using a variety of
media and formats.

c. Develop cultural understanding and global awarebgsngaging with learners of other
cultures.

d. Contribute to project teams to produce originalkgasr solve problems.

Selection Process

All grant applications must follow the lesson desguide shared via Google docs and provide
an expected student project sample. The follownitgréa will be followed in the grant
evaluation process:

1. The lesson activity should engage students in coheéarning by addressing Georgia
Performance Standards or other learning standards.

2. Technology should be used to promote one or mgrestpf communication and/or
collaboration described by the National Educatidrethnology Standards.

3. The lesson activity should allow every studentddipipate in and contribute to their
group work with clearly defined roles.
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4. The grant application should address all questmsed and reflect clarity of thinking as
the lesson activity is developed.

5. The student sample should show how the lessonitgatiyoacted student content
learning and engaged them in communication andlgothtion opportunities.

All complete applications will be considered on arinbasis either by the trustees of the
Foundation or by an advisory committee appointed.Adl applications become the property of
the Foundation. Deadline for submission is TuesB8aptember 28 at 8am. Awards will be made
on a merit basis, judged on the importance of thgept to the Foundation's mission, and also
upon the availability of funds. All decisions mdalethe Foundation will be final.

The Foundation for 21st Century Learning is a nosfip charitable foundation.

Dr. Lotsa Qian
Executive Director
Foundation for 21st Century Learning
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Socioeconomic Learning Learning L earning
Last Name First Name Gender Status Styles Abilities Attitudes
Rauscher Melina Female auditory high motivation
Dougherty Ethan Male kinesthetic resource class high motivation
Kabala Anna Female visual gifted program high motivation
Sullivan Mari Female visual gifted program high motivation
Zgambo Anita Female visual gifted program high motivation
Chiles Masi Male auditory low motivation
Dixon Andrew Male free/reduced lunch auditory raselclass low motivation
Stalcup Daniel Male auditory resource class low motivation
Thomas William Male kinesthetic low motivation
O'Kain Matthew Male free/reduced lungh auditory tegif program medium motivation
Gabbitas John Male free/reduced lunch kinesthetic| esource class medium motivation
Gonzalez Reagan Female kinesthetic gifted program medium motivation
Rauscher Danyanita Female free/reduced lupch kiegst medium motivation
Tejada Lila Female free/reduced lungh  kinesthetic medium motivation
Choi Emma Female free/reduced lungh  visual medium motivation
Quilliams Mike Male visual medium motivation
Wang Shujuan Female visual medium motivation
Zhao Guoqin Male free/reduced lun¢h visual medium motivation
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TLAT 2 Scenario
Letter from a Gifted Teacher
Good afternoon,

| am Eno Vate, the gifted teacher in the Aderhatitdd®l. | became very interested in using
technology to promote student creativity afterradieg a conference on gifted education weeks
ago. A few sessions | went to talked about the afeacorporating technology tools to inspire
students’ creativity in content learning. I'm passte about that idea and hope to apply it by
collaborating with teachers in different subjecas. | know strategies to stimulate students’
creative thinking and innovation process, howelvdon’t have much knowledge or experience
about using technology in classroom. The princgugigested | contact you because you are
participating in the EDIT2000 Computers for Teash&rorkshop and have just proposed a
technology-supported lesson for developing studentemunication and collaboration skills. |
think we can be great collaborators with complermgnéxpertise.

Your EDIT2000 instructor and | have planned a Gvéagt\Workshop together for this Thursday,
in which you will learn and experience some cragtistrategies. Since you know more about
technology and content learning than me, | hopgetoyour input on how to use technology tools
to facilitate those creativity strategies in youbgct area. My goal is to develop lesson actisitie
meeting the NETS Creativity and Innovation Standaeg below). | also believe that addressing
the curriculum standards should be equally impartamope you'll be able to share a lesson
activity with me that you would use in your classtipport student creativity and innovation.

NETS Creativity and Innovation Standard:
Students demonstrate creative thinking, construotwkedge, and develop innovative products
and processes using technology. Students:

Apply existing knowledge to generate new ideasgdpets, or processes.
Create original works as a means of personal argexpression.

Use models and simulations to explore complex syst@nd issues.
Identify trends and forecast possibilities.

apop

Please use the second version of Aderhold Schesbihedesign guide that your EDIT 2000
workshop instructor will share with you. | woulddi to look at your lesson activity as well as
your design process, so that | can understandigieas better. Could you share your complete
lesson design guide with me by Tuesday, Novemlzr&am? Then | would have time to read it
and meet with you that week.

Thanks in advance for all of your help,
Eno Vate

Gifted Teacher
The Aderhold School
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Socioeconomic Learning Learning
Last Name First Name Gender Status Styles Abilities L earning Attitudes
Rauscher Melina Female auditory gifted program[ high motivation
Dixon Andrew Male free/reduced lunchh  auditory rasewclass | low motivation
Stalcup Daniel Male auditory resource clasg§ low motivation
Chiles Masi Male kinesthetic high motivation
Dougherty Ethan Male kinesthetic resource clasg  high motivation
Kabala Anna Female kinesthetic gifted program high motivation
Rauscher Danyanita Female free/reduced lunch  kietst low motivation
Thomas William Male kinesthetic gifted program low motivation
Gabbitas John Male kinesthetic resource clas§ medium motivation
Gonzalez Reagan Female kinesthetic gifted program medium motivation
Tejada Lila Female kinesthetic gifted program medium motivation
Sullivan Mari Female visual gifted program| high motivation
Wang Shujuan Female visual high motivation
Zgambo Anita Female visual gifted program| high motivation
Choi Emma Female free/reduced lungh  visual medium motivation
O'Kain Matthew Male visual gifted program| medium motivation
Quilliams Mike Male visual medium motivation
Zhao Guoqin Male visual gifted program| medium motivation
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TLAT 3 Scenario
Fall 2010 Lesson Activity Design Contest Announcaeme
Using Technology to Support Critical Thinking andBlem Solving

Congratulations on completing two TLAT projectsydu look at the New Teacher Professional
Development Road Map, there is only one step reimgimefore you become an effective
beginning teacher. To encourage you to completéasiestep, the Aderhold School is pleased to
announce the Fall 2010 Lesson Activity Design Csinfier all new teachers participating in the
EDIT2000 Computers for Teachers workshop. In ed2hTE000 section, prizes will be awarded
to the best design process and product in creatieghnology-supported critical thinking and
problem solving lesson activity. Prize winners i decided from online evaluation by the new
teachers in the EDIT2000 workshop based on a rabeiated by all four sections. The winners’
TLAT #3 projects will be used as exemplars in Sp2011 EDIT2000 workshop.

Enter the Contest

All new teachers in the Fall 2010 EDIT2000 workslaoe invited to participate in the contest.
Every lesson designer is required to work with drpa teaching similar subject areas and/or
grade levels in order to serve as a consultarac¢h ether. Prizes will be awarded to both the
lesson designer and the consultant in the samg@g@untestants are expected to follow the third
version of Aderhold School lesson design guidetardesign lesson activities for students on
the provided class roll. After completing the TLAB project, please fill out this form to register
for the contest.

Contest Rules

1) The lesson activity should be designed to addtesslational Educational Technology
Standards on using technology to support Criti¢dahRing, Problem Solving, and Decision
Making:

2) Students use critical thinking skills to plan amthduct research, manage projects, solve
problems, and make informed decisions using ap@i@pdigital tools and resources.
Students:

a. ldentify and define authentic problems and sigaificquestions for investigation.
b. Plan and manage activities to develop a solutiazoarplete a project.

c. Collect and analyze data to identify solutions andiake informed decisions.

d. Use multiple processes and diverse perspectivesgiore alternative solutions.

3) There should be evidence in the design processiapaiduct that the lesson activity is
designed for the students on the class roll.

4) Contestants should follow the prompts on the Adierlszhool lesson design guide v3.0 to
complete the TLAT #3 project.

5) Contestants should create or describe a sampteddrst work that would result from
conducting this activity.
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6) Contestants should show evidence of learning flogir £xperience in TLAT #1 and #2
(e.g., using the design/thinking strategies thayrled).

7) Each lesson designer should have a consultanidarliner project AND serve as a
consultant to his or her partner’s project. Inpotri the consultant should be evident in the
design process (e.g., providing ideas and/or consnesing a different color.).

8) Contestants should register for the contest antighutheir TLAT #3 project online by
Thursday, 11/18 at 8am.

Online Evaluation

An evaluation rubric will be created with ideasnfrall four EDIT2000 sections after the
submission of the TLAT #3 projects. The criteridl wvaluate both the lesson design process
and product. Every new teacher will be respondtni@valuating at least 5 TLAT #3 projects
teaching similar grade levels or subject areadpditg lessons designed by themselves or their
partners. The evaluation process includes ratioh peoject based on the rubric and giving
comments to the lesson designer. The link to ordireduation will be available around 11/18.

Contest Dates

11/9-11/17: Designing TLAT #3 lesson activities

11/18 before 8am: Registering for the contest ardighing TLAT #3 online
11/18 during class: Collecting criteria to credte evaluation rubric
11/19-11/30 before 8am: Evaluating at least 5 TI#3Tprojects

12/2: Announcing winners
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Socioeconomic L earning L earning
Last Name First Name Gender | Status Styles Abilities L earning Attitudes
Quilliams Shujuan Female auditory gifted program | high motivation
Stalcup William Female auditory high motivation
Thomas Mike Male kinesthetic high motivation
Zhao Reagan Male kinesthetic high motivation
Rauscher Lila Male visual high motivation
Rauscher John Male visual high motivation
Choi Masi Female visual high motivation
Dixon Matthew Female visual high motivation
Gonzalez Melina Female visual gifted program | high motivation
Zgambo Mari Female free/reduced lungh  visual high motivation
Kabala Ethan Male auditory resource class low motivation
Wang Guoqin Male free/reduced lungh auditory resewufass low motivation
Dougherty Danyanita Male kinesthetic low motivation
O'Kain Emma Female free/reduced lunch kinesthetic low motivation
Tejada Daniel Male kinesthetic resource class medium motivation
Gabbitas Anita Female kinesthetic medium motivation
Sullivan Anna Female kinesthetic medium motivation
Chiles Andrew Male visual gifted program [ medium motivation
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APPENDIX M. ITERATION 4 SCAFFOLDS
TLAT 1 Scaffolds
Think Like A Teacher #1
Supporting Communication and Collaboration

Lesson Design Guide

Overview

Design Procedure
Step 1. Context Analysis: See the big picture
Step 2. Innovation-in-Action: Explore lesson activities
Step 3. Decision Making: Select the best lesson activity
Step 4. Elaboration: Describe the lesson activity
Step 5. Looking Back: Reflect on lesson design

Guidance Explanations
[Task] is what you need to do in designing this lesson.
[Purpose] tells you why you are working on this particular [Task].
[Strategy] provides you tactics and resources for completing this [Task].
[TPACK] indicates the types of knowledge you will learn and apply during
this [Task].

Step 1. Context Analysis: See the big picture

[Task]: Answer the five questions below using the provided strategies. List your ideas in
bullet points. Think about the connections among your ideas.

[Purpose]: Step 1 helps you understand context of designing the technology-supported
communication and collaboration lesson, which is the basis for Steps 2-5.

1.1 What makes a good technology-supported communic ation and collaboration
lesson?

[Purpose]: To set goals for your lesson.

[Strategy]: Review the grant evaluation criteria, NETS standards, and read pg. 67-68 in
the textbook.

TPACK]: Learn and apply PK, TPK, PCK, TPCK
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1.2 What curriculum standards in your area involve communication and/or
collaboration activities that would benefit from te chnology? List several

standards, include the prefix__ of each standard.

[Purpose]: To identify appropriate curriculum standards to address in your lesson.
[Strategy]: Explore Georgia Performance Standards or other learning standards in your
area.

[TPACK]: Learn and apply CK, PCK, TCK, TPCK

1.3 What are the characteristics of the students in your grade level and subject
area?

[Purpose]: To identify learner characteristics and learning needs.

[Strategy]: Analyze your class roll, use your prior knowledge and experience, and refer
to the Teacher Boot Camp website for concepts.

TPACK]: Learn and apply PK, TPK, PCK, TPCK

1.4 What communication and collaboration tools woul d be appropriate for your
students and subject area? List several tools you m ay consider to use.

[Purpose]: To explore available technology tools appropriate for your class.

[Strategy]: Look at tools learned in class, tools listed the textbook (pg. 75-80), or other
communication tools and collaboration tools from the Go 2 Web 2.0 website.
[TPACK]: Learn and apply TK, TPK, TCK, TPCK

1.5 What challenges are you likely to encounter in implementing a technology-
supported communication and collaboration lesson wi th your students?
[Purpose]: To foresee potential problems and constraints in the classroom.
[Strategy]: Read pg. 70-75 in the textbook, use your prior knowledge and experience,
and discuss with peers or the instructor.

[TPACK]: Apply CK, PK, TK in identifying the challenges
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Step 2. Innovation-in-Action: Explore lesson activi ties

[Task]: Based on your analysis, brainstorm 3-5 possible lesson activities that are related
to or could address your ideas listed in Step 1. Describe each lesson activity briefly with
2-3 sentences. Indicate the curriculum standards prefix at the beginning of your
description.

[Purpose]: Step 2 engages you in exploring various ways of using technology to support
communication and collaboration in your teaching context, which you have analyzed in
Step 1.

[Strategy]: 1) Use lesson activities on these websites and sample lessons in the
textbook (pg. 83-88, 92-94) to collect ideas that can be adapted to your class. 2)
Discuss with peers about possible lesson activities to bounce ideas off each other. 3)
Use your prior experience in learning and teaching.

[TPACK]: Apply CK, PK, TK in brainstorming possible lesson activities: 1) Content -
What content will your students learn? 2) Pedagogy : What major activities/tasks will
they do? 3) Technology - What communication/collaboration tool(s) will be used? Apply
PCK, TCK, TPK, TPCK in describing them.

2.1 Possible Lesson Activity #1 (Required)

2.2 Possible Lesson Activity #2 (Required)

2.3 Possible Lesson Activity #3 (Required)
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2.4 Possible Lesson Activity #4

2.5 Possible Lesson Activity #5

Step 3. Decision Making: Select the best lesson act  ivity

[Task]: Evaluate the possible lesson activities you have generated in Step 2 to choose
the best one for further development. Use the three criteria from the Call for Grant
Application letter and identify two additional criteria to guide your evaluation. Rate the
possible lesson activities on a scale of 1-4 as to how well they meet the criteria (1=Not
met, 2=Somewhat met, 3=Met, 4=Met adequately). Make your decision and justify it at
the end.

[Purpose]: Step 3 helps you compare and contrast the possible lesson activities based
on important criteria, which would lead you to a decision most beneficial for your class.
[Strategy]: 1) Review Step 1 Context Analysis to identify two additional criteria. 2) Ask
peers to review your evaluation to make sure that your decision is objective.

[TPACK]: Understand and apply the storm of TPACK in selecting and justifying the best
lesson activity.




3.1 Evaluate the possible lesson activities
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Decision Making Criteria

Activity
#1

Activity
#2

Activity
#3

Activity
#4

Activity
#5

Engage students in content
learning by addressing
curriculum standards.

Use technology to promote
communication or collaboration
described by NETS.

Allow students to participate in
and contribute to group work
with clearly defined roles.

Total Score

3.2 Which lesson activity do you decide to choose?

3.3 How might the selected lesson activity address

the decision making criteria?

Step 4. Elaboration: Describe the lesson activity

[Task]: Describe the procedure of your lesson activity in more detail, including 1)
introducing the activity to students, 2) teacher and student activities, 3) evaluation of

learning outcomes.

[Purpose]: Step 4 provides you the opportunity to elaborate on the lesson activity in a
way that could be implemented in a real classroom.
[Strategy]: 1) Look back at your ideas in previous steps to guide the development of
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your lesson activity. 2) Read pg. 85-89 of the textbook for evaluation strategies. 3) Click
here to see the style of a lesson activity.

[TPACK]: Apply PCK, TCK, TPK, TPCK in developing your lesson activity.

4.1 Background Information

Activity Name:
Grade/Subject:
Curriculum Standard:
NETS Standard:

Technology Tools:

4.2 Technology-Supported Communication and Collabor ation Lesson Activity

Step 5. Looking Back: Reflect on lesson design

[Task]: Reflect on the lesson you have designed and your design process by answering
the following questions with bullet points.

[Purpose]: Reflection helps you refine your lesson activity before implementation and,
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more importantly, learn new knowledge and strategies from your lesson design
experience.

5.1 Suppose you have implemented this lesson activi  ty, what would you and your
students think about it? What needs to be improved?

[Purpose]: To evaluate the lesson activity and make refinements.

[Strategy]: Look back at the ideas you listed in Step 1, the learner aptitudes on the class
roll, and the TPACK model to identify the aspects to evaluate and improve.

5.2 What new insights did you gain about teachingw ith technology through
designing this lesson activity?

[Purpose]: To develop Technological Pedagogical Content Knowledge from lesson
design experience.

[Strategy]: Look back at your responses to Steps 1-4 and highlight the ideas that are
new to you. Compare the new ideas to the TPACK model.

5.3 After following this lesson desig  n guide, what design strategies did you learn

for creating a good technology -supported lesson activity?

[Purpose]: To identify lesson design strategies that can be applied in future.

[Strategy]: Look back at the [Task], [Purpose], [Strategy], and [TPACK] of each step and
think about how they helped or could help you.

@Attachment: Student project sample
(Link your student sample here)
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TLAT 2 Scaffolds
Think Like A Teacher #2

Supporting Creativity and Innovation
Lesson Design Guide v2.0

Overview

Design Procedure

Step 1. Context Analysis: See the big picture

Step 2. Innovation-in-Action: Explore lesson activities
Step 3. Decision Making: Select the best lesson activity
Step 4. Elaboration: Describe the lesson activity

Step 5. Looking Back: Reflect on lesson design

Guidance Explanations

[Task] is what you need to do in each step to design this lesson activity.

[Strategy] provides you thinking strategies and resources for completing each [Task].

[TPACK] helps you apply and reinforce your TPACK brain in completing each [Task].

[Checklist] reminds you to monitor and adjust your thinking process during each [Task].

Bookmark indicates an important step or strategy which will be revisited at a later stage.
, Pedagogy, Content represent basic TPACK colors for highlighting

responses.

Step 1. Context Analysis: See the big picture

[Task]: Analyze the teaching context by creating a brainstorming web and stating the
goals you want to achieve in this technology-supported creativity and innovation lesson.
[Strategy]: Brainstorm ideas on the following topics using the resources listed in
parenthesis. Analyze each topic individually AND identify their connections
comprehensively.

1. Characteristics of effective creativity lesson activities (NETS, textbook pg.128-
129, 133-135)
2. Curriculum content requiring creative/innovative thinking (GPS or other
curriculum standards)
3. Appropriate creativity tools available to your class (Blog, Go2Web20, Google,
textbook pg.135-142)
4. Creative potentials of students in your grade level (Google, class roll)
5. Challenges of creating creative opportunities in classroom (Google, textbook
pg.133)
[TPACK]: Review the TPACK model and match colors of your brainstorming bubbles
with TPACK colors (TiGehneIegy, Pedagogy, Content, and/or intersection colors) based
on the consistency of the categories.
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1.1 Brainstorming web of teaching context

(Insert an image/link of your Bubbl.us brainstorming web here. (Not the web we made in
groups during class, a new one for this topic!!) Don’t forget to color the brainstorming
bubbles to correspond with [FECHNOIOY, Pedagogy, Content and/or intersection colors)

1.2 State the goals you want to achieve in this les  son based on your
brainstorming web. Write a short paragraph.

[Checklist]: Check off each item by using “Format — Strike through”.

e Did | analyze all 5 factors (the 5 topics listed in [Strategy]) in my teaching context
sufficiently?

e Did I identify the connections among the 5 factors and the elements within those
factors?

e Did | have the 3 basic TPACK colors (Feehnology, Pedagogy, Content) in my
brainstorming web?

e Did | select the key points from the brainstorming web to describe in Step 1.2
goal statement?

e Did | gain new insights in Step 1 by using the resources and/or discussing with
peers?

Step 2. Innovation-in-Action: Explore lesson activi ties

[Task]: Explore ways to use technology to support creativity and innovation in content
learning. Brainstorm 3-5 brief ideas of possible lesson activities based on your
brainstorming web and goal statement in Step 1.

[Strategy]: Search lesson activity websites _, use the following strategies, read textbook
pg.142-147, and discuss with peers. (P=Pedagogy, C=Content, T=Technology)

e P—C—T Strategy: Review the characteristics of creativity lessons in Step 1,
identify curriculum content that could be learned in ways embracing those
characteristics, and look for supporting technology tools.

e C—T—P Strategy: Review the curriculum content in Step 1, look for creativity
tools that could be used in learning certain content, and generate lesson
activities of using creativity tool for content learning.

e T—P—C Strategy: Review the creativity tools in Step 1, generate creativity and
innovation activities that use certain tools, and make connections between the
activities and the learning content.

[TPACK]: Consider the TPACK components in generating possible lesson activities by
responding to the TPACK-color-coded labels in the boxes below.
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2.1 Possible Lesson Activity #1 (Required)

Curriculum Standard: (copy and paste from Georgia Performance Standards)

Activities/Tasks:

Potential Challenges:

2.2 Possible Lesson Activity #2 (Required)

Curriculum Standard:
Activities/Tasks:

Potential Challenges:

2.3 Possible Lesson Activity #3 (Required)

Curriculum Standard:

Technology Tool(s):
Activities/Tasks:

Potential Challenges:

2.4 Possible Lesson Activity #4

Curriculum Standard:
Activities/Tasks:

Potential Challenges:

2.5 Possible Lesson Activity #5

Curriculum Standard:

Activities/Tasks:
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Potential Challenges:

[Checklist]: Check off each item by using “Format — Strike through”.

e Did | keep my mind open to all possible lesson activities and defer final decision
on what to do?

e Did I consider a variety of different student tasks, learning contents, and/or
creativity tools?

e Did | use my ideas and goals in Step 1 to guide the generation of possible lesson
activities?
Did | describe each possible lesson activity from TPACK components?

e Did | gain new insights in Step 2 by exploring sample lessons and/or discussing
with peers?

Step 3. Decision Making: Select the best lesson act  ivity

[Task]: Make a good decision on what to do with your students by a) identifying criteria
of a good creativity lesson, b) rating the possible lesson activities using a 1-5 scale
(1=Not met, 2=Somewhat met, 3=Moderately met, 4=Met, 5=Met adequately ), and c)
justifying your decision with strong arguments.

[Strategy]: Use the following strategies to complete Step 3.

e Criteria: Review Step 1 to identify criteria of a good creativity and innovation
lesson from the different factors/goals you have analyzed (e.g., The creativity tool
is necessary to the lesson activity.).

e Evaluation: Share your lesson activities and criteria with peer(s). Ask one peer
to evaluate your lesson activities for you before you evaluate by yourself.
Consider your peer’s feedback during evaluation.

e Decision: Consider a variety of factors (e.g., weights of each criterion, goals in
Step 1.2, etc) in making your final decision. Go back to modify your possible
lesson activities, criteria, or ratings, if necessary.

e Justification: To make a strong argument for the lesson activity you chose,
provide evidence to explain how it addresses your decision making criteria, your
goals stated in Step 1.2, and the storm of TPACK.

[TPACK]: Highlight your decision making criteria with the TPACK colors (leehnology,
Pedagogy, Content, and/or intersection colors) based on the category they belong to.

3.1.1 Peer Evaluation
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Decision Making Activity Activity Activity Activity Activity
Criteria #1 #2 #3 #4 #5
Total Score
3.1.2 Self Evaluation
Decision Making Activity Activity Activity Activity Activity
Criteria #1 #2 #3 #4 #5
Total Score

3.2 Which lesson activity do you decide to use in ¢

making strateqy first)

lass? (Read the decision

3.3 Why do you choose this lesson activity? (Read t

he justification strategy

first)
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[Checklist]: Check off each item by using “Format — Strike through”.

e Did my decision making criteria represent the factors/goals | analyzed in Step 1?

e Was | objective in rating each possible lesson activity based on criteria?

e Was it necessary for me to go back to modify my possible lesson activities,
criteria, or ratings?

e Did | make my decision by considering a variety of factors, not simply the highest
score?

e Did | provide persuasive evidence to justify my decision on what lesson activity to
choose?

Step 4. Elaboration: Describe the lesson activity

[Task]: Create a 4-paragraph “action plan” for the lesson activity you chose, 100-150
words per paragraph (use “Tools = Word count”):

Paragraph #1: How will you introduce the activity to your class?
Paragraph #2: How will the students participate in the activity?
Paragraph #3: How will you provide guidance for the students?

e Paragraph #4: How will the students be evaluated regarding your goals?

[Strategy]: Use the following strategies to complete Step 4.

e To begin with: Work from your brief ideas of the selected lesson activity in Step
2 and your justification for it in Step 3.3, which may give you a blue print of your
entire lesson activity.

e To elaborate: Review your brainstorming map in Step 1.1, generate lesson
details that can accommodate the essential elements you identified for the five
factors.

e To elaborate or refine: Review your goal statement in Step 1.2 and decision
making criteria in Step 3.1.2, make sure the details of your lesson activity can
address the goals and criteria.

[TPACK]: Within each paragraph, highlight three most important phrases/sentences with
the three TPACK colors (H, Pedagogy, Content) respectively.

4.1 Background Information

Activity Name:
Grade/Subject:
Curriculum Standard:
NETS Standard:

Technology Tools:
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4.2 Technology-Supported Creativity and Innovation Lesson Activity

[Checklist]: Check off each item by using “Format — Strike through”.
e Did | generate enough details for introduction, participation, guidance, and

evaluation?

e Did | accommodate the five factors and their essential elements identified in Step
1?

e Did | provide details to show how my lesson activity address my goals and
criteria?

e Did I have the three TPACK colors (leehnology, Pedagogy, Content) in each
paragraph?

e Did | make any modifications to refine my lesson activity after using this
checklist?

Step 5. Looking Back: Reflect on lesson design

[Task]: Reflect on your lesson activity and design process to take away strategies to
TLAT #3.

5.1 Reflect on your lesson activity
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[Strategy]: Envision the real-world setting where you will be implementing this lesson
activity. Think about the potential challenges that could prevent you from reaching your
goals in Step 1.2. Suggest ways to reduce or combat those challenges.

5.2 Reflect on TPACK knowledge you gained during th e design process

[Strategy]: Look back at your color-coded responses in Steps 1-4. Identify ideas that are
new to your TPACK brain, especially those regarding i Pedagogy, Content,
and/or their intersections.

FEGHABIBEY (1K, TPK, TCK, TPCK):

Pedagogy (PK, PCK, TPK, TPCK):

Content (CK, TCK, PCK, TPCK):

5.3 Reflect on thinking strategies you gained durin g the design process

[Strategy]: Look back at [Task], [Strategy], [TPACK], and [CheckKlist] of Step 1-5. Think
about how they helped you in each step and write down what you learned that can be
reused in TLAT #3.

Step 1:
Step 2:
Step 3:
Step 4:

Step 5:

@Attachment: Student project sample
(Link your student sample here)
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TLAT 3 Scaffolds
Think Like A Teacher #3

Supporting Critical Thinking and Problem Solving
Lesson Design Guide v3.0

Contestants

Lesson designer:
Consultant:

Overview

Design Procedure
Step 1. Context Analysis: See the big picture
Step 2. Innovation-in-Action: Explore lesson activities
Step 3. Decision Making: Select the best lesson activity
Step 4. Elaboration: Describe the lesson activity
Step 5. Looking Back: Reflect on lesson design

Guidance Explanations
[Task] is the major activity you need to complete in each step.
[Strategy] prompts you to look for ways to approach each [Task].
[TPACK] reminds you to use your TPACK brain in completing each [Task].

Step 1. Context Analysis: See the big picture

[Task]: Analyze the various factors in your teaching context.
[Strategy]:
6. Look back at what you and your partner did AND what resources you used in
Step 1 of TLAT #1 and #2.
7. Review your reflections on the relevant design/thinking strategies in Step 5.3 of
TLAT #1 and #2.
8. Discuss with your partner about how to analyze the teaching context.
[TPACK]: Show clear connections of your context analysis with the TPACK model.

1.1 Plan for how to analyze your teaching context. Create a bulleted to-do list _and
check off each item by using “Format  — Strike through” before working on Step
2.
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To do a good job in analyzing my teaching context, | need to:
e Read and follow the yellow box.
[ J

1.2 Record your context analysis in the following b OX.

Step 2. Innovation-in-Action: Explore lesson activi ties

[Task]: Explore possible technology-supported critical thinking and problem solving
lesson activities.
[Strategy]:
e Look back at how you and your partner explored AND described possible lesson
activities in Step 2 of TLAT #1 and #2.
e Review your reflections on the relevant design/thinking strategies in Step 5.3 of
TLAT #1 and #2.
e Discuss with your partner about the strategies for generating possible lesson
activities.
[TPACK]: Show clear connections of your possible lesson activities with the TPACK
model.

2.1 Plan for how to explore possible lesson activit  ies. Create a bulleted to-do list
and check off each item by using “Format — Strike through” before working on
Step 3.
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To do a good job in exploring possible lesson activities, | need to:
e Read and follow the yellow box.
[ J

2.2 Record possible lesson activities in the follow ing boxes.
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Step 3. Decision Making: Select the best lesson act  ivity

[Task]: Decide on the most appropriate critical thinking and problem solving lesson
activity to develop.
[Strategy]:
e Look back at what helped you and your partner pick the best lesson activity in
TLAT #1 and #2.
e Review your reflection on the design/thinking strategies in Step 5.3 of TLAT #1
and #2.
e Discuss with your partner about how to make a valid decision in selecting the
best lesson activity.
[TPACK]: Show clear connections of your decision making process with the TPACK
model.

3.1 Plan for how to make a decision on which lesson activity to choose. Create a
bulleted to-do list _and check off each item by using “Format = — Strike through”
before working on Step4.

To do a good job in selecting the most appropriate lesson activity, | need to:
e Read and follow the yellow box.
[ J

3.2 Record your decision making process in the foll owing box.
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Step 4. Elaboration: Describe the lesson activity

[Task]: Create an elaborate “action plan” for the lesson activity you selected.
[Strategy]:

e Look back at how you and your partner elaborated on the lesson activities in
TLAT #1 and #2.

e Review your reflection on the design/thinking strategies in Step 5.3 of TLAT #1
and #2.

e Discuss with your partner about how to elaborate on the details of your lesson
activity.

[TPACK]: Show clear connections of your lesson activity with the TPACK model.

4.1 Plan for how to elaborate on the selected lesso  n activity. Create a bulleted to-

do list and check off each item by using “Format  — Strike through” before
moving to the next step.

To do a good job in elaborating on my lesson activity, | need to:
e Read and follow the yellow box.
[ J

4.2 Background Information

Activity Name:
Grade/Subject:
Curriculum Standard:
NETS Standard:

Technology Tools:
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4.3 Technology-Supported Critical Thinking and Prob lem Solving Lesson Activity

Step 5. Looking Back: Reflect on lesson design

[Task]: Reflect on your lesson activity AND design process.
[Strategy]:
e Look back at how you and your partner reflected on the lesson activities and the
design processes in TLAT #1 and #2.
e Discuss with your partner about what and how to reflect on the lesson activities
and the design process in TLAT #3.
[TPACK]: Show clear connections of your reflection with the TPACK model.




5.1 Record your reflection on the less on activity in the following box
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5.2 Record your reflection on the design process in

the following box

PS)
7" Attachment: Student project sample
(Link your student sample here)
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APPENDIX N. ITERATION 4 BACKGROUND SURVEY

Aderhold School New Teacher Background Survey

Welcome to the Aderhold School! We would like tmkmore about your background as a new

teacher.

Professional development section
(EDIT2000 class section)

n 8:00

n 9:30

n 11:00

n 12:30
ID Number:
Name:

Preferred email to contact:

Are you
0 Male
0 Female

At your last birthday, were you
0 20 or less
O 21-24
O 25-29
O 30 or more

What is your professional field (major)?

How long have you been in this field
(major)?
(] 1vyearorless
2 years
3 years
4 years
5 years or more

I I T

Are you interested in becoming a teacher?

I o N B

Not interested at all
Not so interested
Somewhat interested
Interested

Very interested

What grade level(s) do you intend to teach?

What subject area(s) do you intend to teach?

How many hours have you been interacting
with students in the grade levels and subject
areas you intend to teach? e.g., tutoring
homework, assisting students individually

(]

I o N B

None
1-10hrs
11-20hrs
21-30
31-40

41 or more

How many hours have you been observing
classes of the grade levels and subject areas
you intend to teach?

0

I I B A

None
1-10hrs
11-20hrs
21-30
31-40

41 or more



How many hours have you been teaching
classes of the grade levels and subject area
you intend to teach?

U

I B B

None
1-10hrs
11-20hrs
21-30
31-40

41 or more

[72)
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When did you gain experience of

interacting, observing, and/or teaching
students in the grade levels and subject areas
you intend to teach?

U
U
U

U

U
U

Not applicable

In high school

Mostly in high school and some in
college

Some in high school and mostly in
college

In college

Other:

List the names of the education-related courseshgove taken prior to this semester. If the
course involves lesson planning or field teachpigase indicate in parenthesis.
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APPENDIX O. ITERATION 4 SURVEY INSTRUMENTS

TLAT 1 Survey

Think Like A Teacher #1 Reflective Survey

Recall how you used the [Task], [Purpose], [Strgfegnd [TPACK] on the lesson design

guide.

How often did you read the [Task] of each
step on the lesson design guide?
[l Never
1 time
2 times
3-4 times
5 times or more

0 I W A O

How often did you follow the [Task] of each
step while working on this project?
'l Never
1 time
2 times
3-4 times
5 times or more

0 I B N A

How often did you read the [Purpose] of

each step on the lesson design guide?
[l Never

1-2 time

3-4 times

5-6 times

7 times or more

0 I B N A

Check the step(s) that you can recall their
name(s) and [Purpose](s) OR select | canng
remember. (DO NOT go back to look at the
lesson design guide for this question. It's
OK if you cannot remember.)

[l Step1l
Step 2
Step 3
Step 4
Step 5
| cannot remember the name and

N I O A

purpose of any step.

How often did you read the [Strategy] of

each step on the lesson design guide?
[l Never

1-2 time

3-4 times

5-6 times

7 times or more

O O0.

How often did you use the [Strategy] of each
step while working on this project?
'l Never
1-2 time
3-4 times
5-6 times
7 times or more

0 I I N A

How often did you click on the links to the
TPACK diagrams following the [TPACK]
labels?
[l Never
1-2 time
3-4 times
5-6 times
7 times or more

0 I T

How often did you reflect on what types of
TPACK knowledge you were using while
working on this project?
[l Never
1-2 time
3-4 times
5-6 times
7 times or more

(0 I O N A
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Recall how you analyzed your teaching context.

How much time did you spend on Step 1
Context Analysis?
[] Less than 0.5 hour
0.5-1 hour
1-1.5 hours
1.5-2 hours
More than 2 hours

0 I W A O

How many ideas did you list in Step 1.1
“What makes a good technology-supported
communication and collaboration lesson”?
01

0 2

0 3

0 4

[l 5o0rmore

What percent of the ideas listed in Step 1
Context Analysis did you use (consider or
look back at) when working on Step 2-5
(Innovation-in-Action, Decision Making,
Elaboration, and Looking Back)?

71 Did not use

1 1-25%

1 26-50%

1 51-75%

1 76%-100%
How many characteristics did you list in
Step 1.3 "What are the characteristics of the
students in your grade level and subject
area"?

01
02
03
04
'] 5 o0ormore

How many tools did you list in Step 1.4
"What communication and collaboration
tools would be appropriate for your students
and subject area"?

01

0 2

0 3

0 4

[l 5 ormore

How many potential challenges did you list
in Step 1.5 "What challenges are you likely
to encounter in implementing a technology-
supported communication and collaboration
lesson with your students"?

01
02
03
04
[J 5 o0rmore
When working on Step 1.1-1.5, how often
did your ideas for one gquestion help you
identify ideas for another question?

[l Never
1 time
2 times
3-4 times
5 times or more

0 I T

When answering the questions in Step 1
Context Analysis, how often did you pause
and weigh the importance (or value) of an
idea before listing it?

[l Never
1 time
2 times
3-4 times
5 times or more

0 I R 0 R B



When working on Step 1.1 "what makes a
good communication/collaboration lesson”,
Step 1.3 "student characteristics"”, and Step
1.5 "potential challenges”, how many ideas
did you get from external sources (e.g.,
textbook, Internet, peers)? (NOT from your

own mind)
0 None
0 1-2
[ 34
[l 5-6
0 7 ormore
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Recall how you explored possible lesson activities.

How much time did you spend on
summarizing (or synthesizing) your ideas in
Step 1 Context Analysis before or during
working on Step 2 Innovation-in-Action?

'] None
5 minutes
6-10 minutes
11-15 minutes
More than 15 minutes

0 I B N A

How much time did you spend on Step 2
Innovation-in-Action?
(] Lessthan 1 hour
1-1.5 hours
1.5-2 hours
2-3 hours
More than 3 hours

0 I B N A

How many possible lesson activities did you

brainstorm in Step 2 Innovation-in-Action?
01

02

03

04

'] 5 o0ormore

How different are the possible lesson
activities you generated on each of the
following aspects:

Curriculum standards

[ All of them are similar
More than half of them are similar
Half of them are different
More than half of them are different
All of them are different

0 I I N A

Activities/tasks

[ All of them are similar
More than half of them are similar
Half of them are different
More than half of them are different
All of them are different

0 I T

Technology tools

[ All of them are similar
More than half of them are similar
Half of them are different
More than half of them are different
All of them are different

(0 I O N A



What percent of the ideas for possible lesso
activities in Step 2 Innovation-in-Action
were your own ideas? (It is OK to borrow
ideas from existing lessons, although they
are NOT considered as your own ideas.)
0-20%

21-40%

41-60%

61-80%

81-100%

I B Y

When brainstorming lesson activities in Steg
2 Innovation-in-Action, how often did you
use the ideas in Step 1 Context Analysis to
monitor the quality of the possible lesson
activities?

'l Never
1 time
2 times
3-4 times
5 times or more

I I T
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When working on Step 2 Innovation-in-
Action, how much time did you spend on
reviewing existing lesson activities
developed by school teachers?

(1 Lessthan 1 hour
1-1.5 hours
1.5-2 hours
2-3 hours
More than 3 hours

[ I O B

How many existing lesson activities helped
you come up with ideas for your possible
lesson activities in Step 2 Innovation-in-
Action?
1
02
03
4
] 5 ormore
How many ideas did you get from peers
while brainstorming possible lesson
activities in Step 2 Innovation-in-Action?
01
2
3
4

U
U
U
00 5 ormore

Recall how you decided, elaborated, and reflectegaur lesson activity.

To what extent was your decision on which
lesson activity to use based on the rating
table in Step 3.1 "Evaluate the possible
lesson activities"?

] Not based on Step 3.1
1-25% based on Step 3.1
26-50% based on Step 3.1
51-75% based on Step 3.1
76-100% based on Step 3.1

[ I O N A

How many decision making criteria did you
mention in Step 3.2 “How might the selected
lesson activity address the decision making
criteria?”

1
02
03
04
[l 5 ormore



How much time did you spend on Step 4

Elaboration to develop the lesson activity?
(] Lessthan 1 hour

1-2 hours

2-3 hours

3-4 hours

More than 4 hours

(I O B

How often did you go back to review your
ideas in Step 1 Context Analysis when
developing the lesson activity in Step 4
Elaboration?

[l Never
1 time
2 times
3-4 times
5 times or more

I I T

How much time did you spend on Step 5.1

“Suppose you have implemented this lesson

activity, what would you and your students

think about it? What needs to be improved”7
'] 5 minutes or less

6-10 minutes

11-15 minutes

16-20 minutes

More than 20 minutes

I I T

How many improvements did you list in
Step 5.1 “Suppose you have implemented
this lesson activity, what would you and
your students think about it? What needs to
be improved”?

1 None
1
2
3

U
U
U
00 4 or more
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How much time did you spend on Step 5.2
“What new insights did you gain about
teaching with technology through designing
this lesson activity™?

'] 5 minutes or less
6-10 minutes
11-15 minutes
16-20 minutes
More than 20 minutes

[ I O B

How many new insights did you identify in
Step 5.2 “What new insights did you gain
about teaching with technology through
designing this lesson activity”?

1
02
03
4
] 5 ormore
How much time did you spend on Step 5.3
“After following this lesson design guide,
what design strategies did you learn for
creating a good technology-supported lesson
activity"?

] 5 minutes or less
6-10 minutes
11-15 minutes
16-20 minutes
More than 20 minutes

0 I I N A

How many design strategies did you identify
in Step 5.3 “After following this lesson
design guide, what design strategies did you
learn for creating a good technology-
supported lesson activity”?

01
02
03
4
L] 5 ormore



Background information

Overall, how much time did you spend on

this Think Like A Teacher project?

I O O B

Less than 2 hours
2-4 hours

5-7 hours

8-10 hours

More than 10 hours

How many hours have you been
participating in communication and

collaboration activities in the past 3 years?

0

0 I B N A

How many hours have you been observing

None
1-10

11-20
21-30

31 or more

communication and collaboration lesson
activities?

(]

I I T

None
1-10

11-20
21-30

31 or more
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How many hours have you been teaching
communication and collaboration lesson
activities?
0 None
1-10
11-20
21-30
31 or more

O O0.

Check the class sessions you attended during
this Think Like A Teacher project.

(1 Day one, Thursday, 9/16/2010

] Day two, Tuesday, 9/21/2010

1 Day three, Thursday, 9/23/2010

Last 4 digits of your 810 number (This
number will be used to align your responses
to the three reflective surveys. You will not
be identified individually from this

number.):

Thank you for completing this survey! We apprecyatar input.
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TLAT 2 Survey

Think Like A Teacher #2 Reflective Survey

Recall how you used the lesson design guide.

How often did you read the [Task] of each
step on the lesson design guide?
[l Never
1time
2 times
3-4 times
5 times or more

(I O B

How often did you follow the [Task] of each
step while working on this project?
[l Never
1time
2 times
3-4 times
5 times or more

I I T

How often did you read the [Strategy] of

each step on the lesson design guide?
[l Never

1 time

2 times

3-4 times

5 times or more

I I T

How often did you use the [Strategy] of each

step while working on this project?
'l Never

1 time

2 times

3-4 times

5 times or more

I I T

How often did you read the [TPACK] of

each step on the lesson design guide?
[l Never

1 time

2 times

3 times

0 I R O A

4 times or more

How often did you reflect on what types of
TPACK knowledge you were using while
working on this project?
[l Never
1-2 time
3-4 times
5-6 times
7 times or more

O O0.

How often did you read the [CheckKlist] (blue
box) of each step on the lesson design
guide?
[l Never
1time
2 times
3-4 times
5 times or more

0 I T

How often did you check whether you did
the things listed in the [Checklist] (blue box)
of each step?
[l Never
1 time
2 times
3-4 times
5 times or more

0 I I N A

On average, how much time did you spend
on reading the yellow box (containing
[Task], [Strategy], and [TPACK]) of each
step?

] 0-2 minutes
2-4 minutes
4-6 minutes
6-8 minutes
More than 8 minutes

(0 I O N A



On average, how much time did you spend
on using the blue box (containing
[Checklist]) of each step?

] 0-2 minutes
2-4 minutes
4-6 minutes
6-8 minutes

0 I W A O

More than 8 minutes
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Recall how you analyzed your teaching context.

How much time did you spend on Step 1
Context Analysis?
[] Less than 0.5 hour
0.5-1 hour
1-1.5 hours
1.5-2 hours
More than 2 hours

0 I B N A

How many ideas did you have for “1.

Characteristics of effective creativity lesson

activities” in Step 1 Context Analysis?
1

02

03

4

] 5 ormore

How many ideas did you have for “3.

Appropriate creativity tools available to

your class” in Step 1 Context Analysis?
1

02

03

04

'] 5 o0ormore

How many ideas did you have for “4.

Creative potentials of students in your grade

level” in Step 1 Context Analysis?
01

2

4

U
03
U
U

5 or more

How many ideas did you have for “5.
Challenges of creating creative opportunities
in classroom” in Step 1 Context Analysis?
01
02
03
04
] 5 ormore
When creating the brainstorming web in
Step 1 Context Analysis, how often did your
ideas for one topic help you identify ideas
for another topic?
[l Never
1 time
2 times
3-4 times
5 times or more

0 I T

When working on Step 1 Context Analysis,
how often did you pause and weigh the
importance (or value) of an idea before
putting it in a bubble OR including it in your
goal statement?

[l Never
1 time
2 times
3-4 times
5 times or more

(0 I O N A



When brainstorming ideas for “1.
Characteristics of effective creativity lesson
activities”, “4. Creative potentials of
students in your grade level”, and “5.
Challenges of creating creative opportunities
in classroom”, how many ideas did you get
from external sources (e.g., textbook,
Internet, peers)? (NOT from your own
mind)

'] None
1-2
3-4
5-6

0 I W A O

7 or more
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What percent of the ideas in Step 1 Context
Analysis (including ideas in your
brainstorming web and goal statement) did
you use (consider or look back at) when
working on Step 2-5?

71 Did not use
1-25%
26-50%
51-75%
76%-100%

O O0.

Recall how you explored possible lesson activities.

How much time did you spend on reviewing
your ideas in the brainstorming web and
synthesizing them in Step 1.2 “State the
goals you want to achieve in this lesson
based on your brainstorming web”?

] None
1- 5 minutes
6-10 minutes
11-15 minutes
More than 15 minutes

I I T

How much time did you spend on Step 2
Innovation-in-Action?
[] Less than 0.5 hour
0.5-1 hour
1-1.5 hours
1.5-2 hours
2-3 hours
More than 3 hours

0 O I O R

How many possible lesson activities did you

brainstorm in Step 2 Innovation-in-Action?
01

2

3

4

U
U
U
[0 5ormore

How different are the possible lesson
activities you generated on each of the
following aspects:

Curriculum standards

[ All of them are similar
More than half of them are similar
Half of them are different
More than half of them are different
All of them are different

0 I T

Activities/tasks

[ All of them are similar
More than half of them are similar
Half of them are different
More than half of them are different
All of them are different

0 I I N A

Technology tools

[ All of them are similar
More than half of them are similar
Half of them are different
More than half of them are different
All of them are different

0 I R 0 R B



What percent of the ideas for possible lesso
activities in Step 2 Innovation-in-Action
were your own ideas? (It is OK to borrow
ideas from existing lessons, although they
are NOT considered as your own ideas.)
0-20%

21-40%

41-60%

61-80%

81-100%

I B Y

When brainstorming lesson activities in Steg
2 Innovation-in-Action, how often did you
use the ideas in Step 1 Context Analysis to
monitor the quality of the possible lesson
activities?

[l Never
1 time
2 times
3-4 times
5 times or more

I I T
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When working on Step 2 Innovation-in-
Action, how much time did you spend on
reviewing existing lesson activities
developed by school teachers?

'] Less than 0.5 hour
0.5-1 hour
1-1.5 hours
1.5-2 hours
2-3 hours
More than 3 hours

I I B O O B

How many existing lesson activities helped
you come up with ideas for your possible
lesson activities in Step 2 Innovation-in-
Action?

U]

0
1
2
3
4
5

I I B O O B

or more

How many ideas did you get from peers

while brainstorming possible lesson

activities in Step 2 Innovation-in-Action?
0

U
U
U
(]
(]

a b wdNEk

or more

Recall how you decided, elaborated, and reflectegiaur lesson activity.

To what extent was your decision on which
lesson activity to use based on Peer
Evaluation in Step 3 Decision Making?

] Not based on Peer Evaluation
1-25% based on Peer Evaluation
26-50% based on Peer Evaluation
51-75% based on Peer Evaluation
76-100% based on Peer Evaluation

(I O B

To what extent was your decision on which
lesson activity to use based on Self
Evaluation in Step 3 Decision Making?

'] Not based on Self Evaluation
1-25% based on Self Evaluation
26-50% based on Self Evaluation
51-75% based on Self Evaluation
76-100% based on Self Evaluation

[ I O B



How many decision making criteria did you
mention in Step 3.3 “Why do you choose
this lesson activity?”
01
02
03
04
[] 5 ormore

How much time did you spend on Step 4

Elaboration to develop the lesson activity?
(] Lessthan 1 hour

1-2 hours

2-3 hours

3-4 hours

More than 4 hours

Oo0Oooo

How often did you go back to review your
ideas in Step 1 Context Analysis when
developing the lesson activity in Step 4
Elaboration?

'l Never
1 time
2 times
3-4 times
5 times or more

Oo0Oooo

How much time did you spend on Step 5.1
“Reflect on your lesson activity”?
(1 5 minutes or less
6-10 minutes
11-15 minutes
16-20 minutes
More than 20 minutes

Oo0Oooo
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How many ideas did you list in Step 5.1
“Reflect on your lesson activity” regarding
the ways to reduce or combat the potential

challenges?
0 None
01
2
3
[J 4 or more

How much time did you spend on Step 5.2
“Reflect on TPACK knowledge you gained
during the design process™?
] 5 minutes or less
6-10 minutes
11-15 minutes
16-20 minutes
More than 20 minutes

Oo0ooo

How many new ideas or insights did you
identify in Step 5.2 “Reflect on TPACK
knowledge you gained during the design
process”?

01
02
03
04
[l 5ormore
How much time did you spend on Step 5.3
“Reflect on thinking strategies you gained
during the design process”?

] 5 minutes or less
6-10 minutes
11-15 minutes
16-20 minutes
More than 20 minutes

I I W R



How many thinking strategies did you
identify in Step 5.3 “Reflect on thinking
strategies you gained during the design
process”?

01
0 2
03
0 4
[l 5ormore
Additional information

Overall, how much time did you spend on
this Think Like A Teacher project?
1 hour or less

2 hours

3 hours

4 hours

5 hours

6 hours

7 hours

8 hours

9 hours

10 hours or more

OOoOoooooooo
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Check the class sessions you attended during
this Think Like A Teacher project.

'l Day one, Thursday, 10/21/2010

'l Day two, Tuesday, 10/26/2010

'l Day three, Thursday, 10/28/2010

Open your TLAT #1 and TLAT #2 Google docs and CONREAyour lesson design

performance, are there any differences?

If YES, tell us 1) what are the major differencesl &) what do you think is causing those
differences. If NO, explain why do you think theseno difference.

Thank you for completing this survey! We apprecyaigr input.
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TLAT 3 Survey

Think Like A Teacher #3 Reflective Survey

Recall how you used the lesson design guide.

Look at the blue boxes of Step 1-4. How
many ideas did YOU list in each blue box?
(EXCLUDING the first one: “Read and
follow the yellow box”.)

Step 1 Context Analysis
(] lorless

0 2

0 3

0 4

[l 5ormore

Step 2 Innovation-in-Action
] 1orless

02

03

0 4

[l 5ormore

Step 3 Decision Making
[J lorless

0 2

0 3

0 4

[l 5o0rmore

Step 4 Elaboration
[J lorless

02

03

04

[ 5ormore

How often did you check whether you did
the things listed in the blue box of each
step?
[l Never
1 time
2 times
3-4 times
5 times or more

0 N O B

How often did you go back to look at your
TLAT #1 or #2 lesson design guide?
Never

1 time

2 times

3-4 times

5 times or more

Oo0oo0ooo

If you looked back at TLAT #1 or #2, what
were the things that you continued to do in
TLAT #37? If you did not look back, please
put N/A.

How often did you discuss with your

partner(s) while working on this project?
'l Never

1 time

2 times

3-4 times

5 times or more

I I W R



If you discussed with your partner(s), what
were the things that your partner(s)
reminded or suggested you to do? If you did
not discuss with partner, please put N/A.
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Which steps did you show connections of
your ideas to the TPACK model? (Check all
that apply)

Step 1 Context Analysis

Step 2 Innovation-in-Action

Step 3 Decision Making

Step 4 Elaboration

Step 5 Looking Back

None of the steps

0 B A

How often did you reflect on what types of
TPACK knowledge you were using while
working on this project?
[l Never
1-2 time
3-4 times
5-6 times
7 times or more

N B B i

Recall how you analyzed your teaching context.

How much time did you spend on Step 1
Context Analysis?
(1 Less than 0.5 hour
0.5-1 hour
1-1.5 hours
1.5-2 hours
More than 2 hours

I I R

How many ideas did you identify for
characteristics of effective critical
thinking/problem solving lessons in Step 1.2
“Record your context analysis in the
following box™?

1 N/A
01
02
03
04
'] 5 o0ormore

How many ideas did you identify for critical
thinking/problem solving technology tools
in Step 1.2 “Record your context analysis in
the following box”?
1 N/A
01
02
03
04
'] 5 o0ormore

How many ideas did you identify for
characteristics of your students in Step 1.2
“Record your context analysis in the
following box™?

0 N/A
1
02
03
4
'] 5 o0ormore



How many ideas did you identify for
challenges of technology-supported critical
thinking/problem solving lessons in Step 1.2
“Record your context analysis in the
following box™?

1 N/A
01
02
03
04
] 5 ormore

When analyzing the various factors in Step ]
Context Analysis, how often did your ideas
for one factor help you identify ideas for
another factor?

'l Never
1 time
2 times
3-4 times
5 times or more

0 I W A O

When working on Step 1 Context Analysis,
how often did you pause and weigh the
importance (or value) of an idea before
putting it in Step 1.2 “Record your context
analysis in the following box™?

[l Never
1 time
2 times
3-4 times

I I T

5 times or more
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When working on Step 1.2 “Record your
context analysis in the following box”, how
many ideas did you get from external
sources (e.g., textbook, Internet, peers)?
(NOT from your own mind)

None

1-2

3-4

5-6

7 or more

I B Y

What percent of your ideas in Step 1

Context Analysis did you use (consider or

look back at) when working on Step 2-5?
'] Did not use

1-25%

26-50%

51-75%

76%-100%

0 I T

Recall how you explored possible lesson activities.

How much time did you spend on reviewing
(or synthesizing) your ideas in Step 1
Context Analysis before or during working
on Step 2 Innovation-in-Action?

'] None
1- 5 minutes
6-10 minutes
11-15 minutes
More than 15 minutes

I I T

How much time did you spend on Step 2
Innovation-in-Action?
[] Less than 0.5 hour
0.5-1 hour
1-1.5 hours
1.5-2 hours
2-3 hours
More than 3 hours

0 I B R



How many possible lesson activities did you

brainstorm in Step 2 Innovation-in-Action?
01

02

03

04

[ 5ormore

How different are the possible lesson

activities you generated on each of the
following aspects:

Curriculum standards

[ All of them are similar
More than half of them are similar
Half of them are different
More than half of them are different
All of them are different

0 I B N A

Activities/tasks

[ All of them are similar
More than half of them are similar
Half of them are different
More than half of them are different
All of them are different

I I T

Technology tools

[ All of them are similar
More than half of them are similar
Half of them are different
More than half of them are different
All of them are different

0 I B N A

What percent of the ideas for possible lesso
activities in Step 2 Innovation-in-Action
were your own ideas? (It is OK to borrow
ideas from existing lessons, although they
are NOT considered as your own ideas.)
0-20%

21-40%

41-60%

61-80%

81-100%

0 B Y
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When brainstorming lesson activities in Step
2 Innovation-in-Action, how often did you
use the ideas in Step 1 Context Analysis to
monitor the quality of the possible lesson
activities?

'l Never
1 time
2 times
3-4 times
5 times or more

O O0.

When working on Step 2 Innovation-in-
Action, how much time did you spend on
reviewing existing lesson activities
developed by school teachers?

] Less than 0.5 hour
0.5-1 hour
1-1.5 hours
1.5-2 hours
2-3 hours
More than 3 hours

I B Y

How many existing lesson activities helped
you come up with ideas for your possible
lesson activities in Step 2 Innovation-in-
Action?

U

0
1
2
3
4
5

I B Y

or more

How many ideas did you get from peers

while brainstorming possible lesson

activities in Step 2 Innovation-in-Action?
0

a b wWwN Pk

U
U
U
U
U

or more
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Recall how you decided, elaborated, and reflectegiaur lesson activity.

To what extent was your decision on which
lesson activity to use based on peer
evaluation in Step 3 Decision Making (NOT
your initial preference)?

'] Not based on Peer Evaluation
1-25% based on Peer Evaluation
26-50% based on Peer Evaluation
51-75% based on Peer Evaluation
76-100% based on Peer Evaluation

(I O B

To what extent was your decision on which
lesson activity to use based on Self
Evaluation in Step 3 Decision Making (NOT
your initial preference)?

'] Not based on Self Evaluation
1-25% based on Self Evaluation
26-50% based on Self Evaluation
51-75% based on Self Evaluation
76-100% based on Self Evaluation

I I T

How many decision making criteria did you
think about in selecting the best lesson
activity in Step 3 Decision Making?
1 N/A

01

02

03

04

[ 5ormore

How much time did you spend on Step 4

Elaboration to develop the lesson activity?
(] Lessthan 1 hour

1-2 hours

2-3 hours

3-4 hours

More than 4 hours

0 I B N A

How often did you go back to review your
ideas in Step 1 Context Analysis when
developing the lesson activity in Step 4
Elaboration?

[l Never
1 time
2 times
3-4 times
5 times or more

[ I O B

How much time did you spend on Step 5.1
“Record your reflection on the lesson
activity in the following box"?
] 5 minutes or less
6-10 minutes
11-15 minutes
16-20 minutes
More than 20 minutes

0 I I N A

How many ideas did you identify for
improving your lesson activity in Step 5.1
“Record your reflection on the lesson
activity in the following box"?

1 N/A
01
02
03
'] 4 or more
How much time did you spend on Step 5.2
“Record your reflection on the design
process in the following box”?

'l 5 minutes or less
6-10 minutes
11-15 minutes
16-20 minutes
More than 20 minutes

0 I T



How many of the ideas you identified in
Step 5.2 “Record your reflection on the
design process in the following box” are
related to the TPACK model?

1 N/A
01
02
03
04
[l 5ormore

Additional information

Overall, how much time did you spend on
this Think Like A Teacher project?
1 hour or less

2 hours

3 hours

4 hours

5 hours

6 hours

7 hours

8 hours

9 hours

10 hours or more

0 O B A
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How many of the ideas you identified in
Step 5.2 “Record your reflection on the
design process in the following box” are
related to thinking/design strategies that you
could use in future lesson planning?

1 N/A
01
02
03
04
[] 5 ormore

Check the class sessions you attended during
this Think Like A Teacher project.

1 Day one, Tuesday, 11/9/2010

'] Day two, Thursday, 11/11/2010

1 Day three, Tuesday, 11/16/2010

Open your TLAT #1, TLAT #2, and TLAT #3 Google daasd COMPARE your lesson design
process, are there any differences? If YES, tellliat are the major differences. If NO, explain

why do you think there is no difference.

What did you learn from doing the three Think L& eacher projects?

Thank you for completing this survey! We apprecyatar input.
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APPENDIX P. ITERATION 4 INTERVIEW PROTOCOLS
TLAT 1 Interview Protocol

1. Please briefly introduce yourself.

a. Name, program, progress

b. What job do you want to do?

c. What experience do you have with the students gtand to teach?

d. What experience do you have regarding learningtiagowith technology?

e. What experience do you have regarding communicatnohcollaboration lessons?
2. Please briefly introduce the lesson activity yosigeed.

a. How is technology-supported communication and baltation involved in your

lesson activity?

Instructions: Please recall and talk-aloud yourainal thinking process during each of the
design steps. I'm going to ask guestions abouthBtwou think the quide was asking you to do
and 2) what you actually did.

3. On Day One, we gave you the letter, the classaall, the lesson design guide and showed
you the video, how did you get started on this guty
4. Before you started on Stepwhat did you think it was asking you to do?
5. What did you do in Steg?
Step 1. Context Analysis
* How did you come up with the ideas you listed?
* What helped you come up with these ideas? (Usesoiurces)
Step 2. Innovation-in-Action
* How did you come up with each of the lesson aais®’ No need to describe in
detail.
* What helped you generate these lesson activitigse ¢f resources)
Step 3. Decision Making
e How did you identify the additional two criteria?
* How did you go through the process of selectingiftbe lesson activities?
* Why did you choose that particular lesson activity?
Step 4. Elaboration
* What helped you elaborate on the details of yossda?
* How did your ideas in Steps 1-3 help you in devielgyour lesson?
Step 5. Looking Back
* How did you look back at the lesson activity yosidaed?
e What new insights did you gain?
o How did you gain the new insights?
* What did you think Step 5.3 was asking you to do?
o What does “design strategy” mean to you?
o0 What design strategies did you identify?
6. You have done a lot of thinking so far, what thaugitocesses did you find
important/helpful?
a. What thought process would you continue to useour yjext TLAT?
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b. What thought process do you wish you have donerdifitly in this TLAT?
7. What was helpful in the lesson design guide?

a. How did you use the four different labels [TasBEufpose], [Strategy],

[TPACK]?

b. What steps of the lesson design guide were difficulyou?

c. What was not so helpful or redundant/unnecessary?
8. Anything else would you like to add about your exgrece or thoughts of this TLAT

project?
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TLAT 2 Interview Protocol

1. What experience do you have regarding lessongtbatote creativity in learning?
2. Please briefly introduce the lesson activity yoaigeed.
a. How is technology-supported creativity/innovationolved in your lesson activity?

Instructions: Please recall and talk-aloud yourainal thinking process during each of the
design steps.

3. On Day One, we gave you the letter, the classaall, the lesson design guide, how did you
get started on this project?
4. As you started Step
a. How did you use the yellow box? [Task], [Strategyjd [TPACK]
b. What did you think it was asking you to do?
5. What did you do in Steg?
Step 1. Context Analysis
e How did you create the brainstorming web? Tell heegrocess.
* What helped you create the brainstorming web? @fisesources)
« How did you identify the goals you wanted to ackiav Step 1.27?
e How did you use the checklist?
Step 2. Innovation-in-Action
* How did you come up with your possible lesson &titis? Tell me the process.
* What helped you generate these lesson activitidse ¢f resources)
* How did you describe your possible lesson actisiié4 labels in each box)
e How did you use the checklist?
Step 3. Decision Making
* How did you do peer review with your partner? Wiegidback did you get?
* How did you do self evaluation? (Identifying crigerrating)
* How did you decide which lesson activity to use?
« How did you justify why you chose a patrticular lessctivity?
* How did you use the checklist?
Step 4. Elaboration
* How did you elaborate on your lesson activity? Tedl the process not lesson
details.
« What helped you elaborate on the details of yogsda?
* How did your ideas in Steps 1-3 help you in deviegyour lesson?
* How did you use the checklist?
Step 5. Looking Back
* How did you reflect on your lesson activity?
* How did you reflect on the TPACK knowledge you gaifd
* How did you reflect on the thinking strategies yained?
o What does “thinking strategies” mean to you?
o What thinking strategies would you continue to ils€LAT #3?
6. How was your thought process in TLAT #2 similaddferent from TLAT #1?
7. What was your impression of the lesson design giaid€LAT #27?
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a. What was helpful? What was not helpful/redundantia¥wvas difficult?
8. What do you wish you have done differently in thisAT project?
9. Anything else would you like to add about your exgrece or thoughts regarding this TLAT
project?
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TLAT 3 Interview Protocol

1. What experience do you have regarding criticalkimig and problem solving, as a teacher or

a student?
2. Please briefly introduce the lesson activity yosigeed.
a. How is technology-supported critical thinking/preisl solving involved in your
lesson activity?
3. You read the lesson design contest announcementaaiyed the class roll on day one.
a. What were you thinking after reading it?
b. Did it make a difference in the way you designednjesson activity?
4. When you were working on Step
la. How did you and your partner planned for what tdrdthat steg?
b. Why did you planned to do so and so?
c. After creating thelist in the blue box, how did you useit?
Step 1. Context Analysis
e What factors in your teaching context did you anafy
* What helped you analyze the factors in your teaghontext? (Use of
resources)
Step 2. Innovation-in-Action
e How did you come up with your possible lesson é&titis? Tell me the process.
* What helped you generate these lesson activitigse ¢f resources)
e How did you describe your possible lesson actisfitie
Step 3. Decision Making
* What feedback did you get from your partner?
* How did you decide which lesson activity to use?
o What criteria did you think about?
* How did you justify why you chose a particular k@ssctivity?
Step 4. Elaboration
 How did you elaborate on your lesson activity? Ted the process not lesson
details.
* What helped you elaborate on the details of yossda?
* Did you go back to revisit Steps 1-3 while devehgpyour lesson activity?
Step 5. Looking Back
* How did you reflect on your lesson activity?
0 Anything need to be improved?
* How did you reflect on the design process?
0 Anything about TPACK
o Anything about design/thinking strategies?
d. How did you show connections to TPAGK?
e. How did you cross off your list in the blue bpx?
5. You have completed all three TLAT projects. Wha some differences or similarities in

your experience of designing technology-suppomrsddn activities across the three TLATS?

6. What did you learn from the three TLAT projects?
a. What did you learn from using the lesson desiglefi
b. What lesson design strategies did you learn?
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c. What lesson design strategies would you continuesoin future?
d. What advice would you give to future EDIT2000 stoige
7. Anything else would you like to add about your exgece or thoughts regarding this TLAT
project?



