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Preface

In 2007 Professor Zhu Zhiting of the College of Educational Sciences at the East China Normal
University in Shanghai (PR China) asked the first editor of this book to organize a seminar on
‘educational design research’ (EDR) with the purpose to introduce a group postgraduate
students and lecturing staff in China to educational design research as a research approach.
The proceedings of that seminar were written in such a way that they could be used in
postgraduate seminars and courses on educational design research. They were published in
2009 as An Introduction to Educational Design Research by the SLO, the National Institute for
Curriculum Development, Enschede, the Netherlands.

When we met Professor Zhu in 2011, he asked for a number of illustrative cases (15-20 cases)
of successful EDR to be used in combination with the 2009-book with the purpose that graduate
students and novice researchers could also learn from examples by others about how to design
and conduct a research project utilizing EDR.

We, editors, decided to take up the challenge after SLO had indicated to support our initiative
and be willing to publish the new book. This resulted in a major project (starting in December
2011) comprising not only editing this book with ‘illustrative cases of educational design
research’, but also updating our 2009 book. So, in the end, the project resulted in two books,
namely Educational Design Research — Part A: An Introduction and Educational Design
Research - Part B: lllustrative Cases.

Prof Zhu Zhiting and Associate Professor Wang Quyien (National Institute of Education,
Singapore) will prepare a Chinese edition of this book for which they will be co-editors .

Composition of the book

We wanted the illustrative cases to reflect a number of dimensions - as is explained in the

Introduction - such as:

e coming from many domains in our field, such as curriculum, learning and instruction,
subject related pedagogy (math education, language education, science education,
etcetera), instructional technology, ICT in education;

o reflecting various purposes of design research, such as developing an innovative
intervention or developing a new instructional or learning theory;

e representing all educational levels (from primary till higher education, and also informal
education);

e having been conducted in a wide variety of countries.

As a result, we have 51 chapters covering a variety of combinations of these dimensions as the

reader can see from the introduction chapter of this book.

Unique character as a ‘supra-book’

This book is published electronically. But it is also a ‘supra-book’ with each case chapter
separately electronically published, which allows users to make their own selection of chapters
given the specific purpose of use — for example, if users want to discuss with graduate students
examples of design research in the domain of curriculum development or language/math/



science education, or what design research took place in a certain country or continent, they
can select their own set of cases for studying with their students.

The publisher is willing to print the book on demand (and will charge for the costs of printing and
handling). But readers are allowed to print their own selection of case chapters provided they
follow the copyright rules.

Some features of the case chapters

When we planned this book, an important starting point was that authors should have as much
freedom as possible in describing their cases. But on the other hand, as the cases are meant as
examples from which graduate students and researchers should be able to learn how to design
and conduct a project utilizing EDR as the research approach or design, we wanted that each
chapter should address a number of topics that are not only characteristic for good research,
but also exemplary for a good case of EDR. We therefore requested each author of a ‘case
chapter’ to address — in addition to describing the chain of reasoning for their research - at least
the following six issues or topics (1) Introduction to the problem, (2) Conceptual
framework/conceptualization of the study, (3) Research design (for each of the phases or cycles
of the project), (4) Assessment phase (if applicable), (5) Yield of the project, and (6) Reflection —
lessons learned.

As a result, the chapters included in this book do show a wide variety in structure and style of
writing. But we hope that readers will be able to understand how the respective research
projects have been designed and conducted, as well as that there is a variety in ways of
conducting research utilizing EDR. It is in this context that we want to point readers to the
following: it is not always possible to summarize all details of a piece of design research -
comprising a number of phases, each possibly with a number of cycles or iterations - in a
chapter with a text of maximally 8000 words. We therefore asked authors to focus on those
parts of their research that would give a wide audience a good insight and understanding of the
design and the conduct of their research. But as we could imagine that some readers would be
interested in the details of a particular research project, we asked them to serve those readers
by including, on top of the references, a number of ‘Key Sources' for the research reported.

About the reviewing process

Obviously, each case chapter has been reviewed by the editors of this book. But in addition,
each chapter has been blindly reviewed by two peers of which at least one was not from the
same country as the author(s). We also tried to find for manuscript peer reviewers of which at
least one had another background than the author(s). See the Introduction chapter for more
details on the reviewing process.

Finally, for a period of two months the chapters were placed on a website only accessible for the
authors of case chapters allowing them to read these and do an ‘open peer review’, providing
this way feedback to colleagues and/or to include in their own chapters a reference to relevant
other chapters. This resulted in some adaptations in a few chapters.

Thanks and acknowledgements
Preparing this book has been a major project. It would not have been possible to accomplish
this project without the input and assistance of many people.

The experiment of publishing this ‘supra-book’ was only possible thanks to the willingness of
SLO, the Netherlands Institute for Curriculum Development to assist the project. We are very
grateful to Jan van den Akker (Director General) for his support and that of his institute. We



appreciate especially that the SLO was open to embark on the type of publishing that utilizes
some characteristics and possibilities of the information society.

We are grateful to all the authors who contributed to the book with great commitment and
dedication. We are impressed by their enthusiasm, which resulted in a ‘snowball effect’ leading
to the 51 chapters instead of the intended 15-20 chapters.

We want to express great appreciation and thanks to the colleagues who contributed to the
process of peer review — all mentioned at the end of this Preface.

Finally, preparing all manuscripts for publication has been an enormous task. We are very
grateful to the support staff of the SLO in taking up this duty in such a dedicated way.

We hope that this book will become a source of inspiration and good ideas for many (future)
researchers who want to address important problems in educational practice!

Tjeerd Plomp and Nienke Nieveen, Editors

Acknowledgments to the 62 peer reviewers from 12 countries
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Introduction to the collection of illustrative
cases of educational design research

Tjeerd Plomp & Nienke Nieveen

1. Introduction

This chapter introduces the reader to this book with a collection of illustrative cases of design
research in education. This section summarizes the background and the aim of this collection of
cases.

In 2009 we edited and published the book ‘An introduction to educational design research’
(Plomp & Nieveen, 2009), the proceedings of a seminar on educational design research (EDR),
conducted in November 2007 at the East China Normal University, Shanghai, PR China. In that
book, we introduced educational design research as a research approach or research design:L
appropriate to address complex problems in educational practice for which no how-to-do
guidelines are available. During the years, many researchers (experts and novices to the field of
design research) found their way to this book. Our ideas about how to conduct and
communicate about design research developed as a result of our own educational design
research studies, the mentoring and supervision of (PhD) students and the many discussions
during seminars and after presentations. After five years, we felt the need to revise some parts
of the book.

But, maybe more importantly, we also got signals of a growing interest in exemplary case
studies of design research that can be used as one of the means to introduce graduate students
and novice researchers to the variety of approaches and examples of designing and conducting
educational design research — this is the main aim of this book. By presenting a varied collection
of 51 examples of successful EDR projects, this book should be seen as an extension to our
2009 book. This means that the complete book now comprises of two volumes, viz Part A being
a revision of our 2009 book, and Part B — this book — the collection of a rich variety of examples
of successful EDR.

Part A (Plomp & Nieveen, 2013) presents an introduction to educational design research
(Chapter 1 by Plomp), as well as a chapter that discusses how formative evaluation in
educational design research can be designed and conducted (Chapter 6 by Nieveen & Folmer).
Other chapters discuss design research from various angles: the curriculum perspective, the
learning design perspective, a chapter with an example from the domain of instructional
technology, and also a chapter discussing when design research is an appropriate research
design. Part B — this book — presents a collection of 51 cases of successful design research
coming from many domains in the field of education (such as curriculum, learning and
instruction, subject related pedagogy, instructional technology, ICT in education) and reflecting
various purposes of design research. The cases cover all education levels, including a few
cases on workplace learning), and report research conducted in a wide variety of countries.

Y in this chapter we use research approach and research design synonymously.
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This collection of cases supplements other books and articles introducing educational design
research (— sometimes using another names for this research approach). Examples are the
books of Kelly, Lesh and Baek (2008), McKenney and Reeves (2012), Reinking and Bradley
(2008), Richey and Klein (2007), and Van den Akker, Gravemeijer, McKenney and Nieveen
(2006). Of the many articles, we mention here Ann Brown’s (1992) article introducing the idea of
design experiments, Barab and Squire (2004) on design-based research, Cobb, Confrey,
DiSessa, Lehrer and Schauble (2003) on design experiments, Eilks and Ralle (2002) about
participatory action research and Fishman, Penuel, Allen and Cheng (in press) about design
based implementation research. Moreover, over the years, a number of special issues of
journals have been published about design(-based) research and EDR projects have been
reported in many articles. Please, refer to part A of this book (chapter 7) for details of these and
other publications on educational design research.

The next section presents a brief introduction to educational design research including a
number of characteristics of this research approach or research design, with a reference to Part
A where these are discussed in greater detail. This overview will be followed by an account of
how the collection of cases presented in this book was assembled. We describe how we aimed
for a variety of cases, what guidelines were given to authors, and how the review process was
organized. Next, we will provide an overview of the collection, describing — from a helicopter
view — what readers can expect when browsing through the collection and reading the cases. In
the final section the structure of the book of cases will be presented, as well as some
recommendations for how this collection can be used.

2. Brief introduction to educational design research

Educational design research is a research approach (or research design) appropriate to
address complex problems in educational practice for which no how-to-do guidelines are
available , or to develop or validate theories (e.g.) about learning processes, learning
environments and the like. This variation in purpose is reflected in the definition of design
research discussed in Part A, Chapter 1, where we introduce the distinction between
development studies and validation studies respectively — see also Nieveen, McKenney and
Van den Akker (2006).

In the remainder of this section we will briefly summarize some aspects of educational design
research: its definition and twofold yield, the type of research question and its cyclical nature, its
scientific character, and generalizability in design research. These issues are discussed more
extensively in part A of this book.

Definition of design research and its twofold yield

As stated above, two possible purposes of design research can be identified. Dependent on the
purpose of the design research, we distinguish between development studies and validation
studies respectively.

In the case of development studies, the purpose of educational design research is to develop
research-based solutions for complex problems in educational practice. This type of design
research is defined as the systematic study of designing, developing and evaluating educational
interventions (such as programs, teaching-learning strategies and materials, products and
systems) as solutions for complex problems in educational practice, which also aims at
advancing our knowledge about the characteristics of these interventions and the processes of
designing and developing them.
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On the other hand, in validation studies the purpose of design research is the development or
validation of a theory, and this type design research is defined as the systematic study of
designing, developing and evaluating educational interventions (i.e. learning processes,
learning environments and the like) with the purpose to develop or validate such theories.

Design research always has a twofold yield, namely, on the one hand research-based
interventions, and on the other hand knowledge about these interventions (in development
studies), or theories based on them (in validation studies). The twofold yield of design research
is one of its key characteristics and is also found in definitions and descriptions of other authors
who sometimes use another name for this type of research. But all authors aim to what Barab
and Squire (2004, p. 2) describe as “new theories, artefacts, and practices that account for and
potentially impact learning and teaching in naturalistic setting”. We use ‘intervention’ to capture
the rich variety of research-based curricula, artefacts and teaching-learning practices.

A further differentiation of design research is conceivable. For example, one can imagine that
the dissemination and implementation of a particular program is supported by design research —
the resulting intervention is the successfully disseminated and implemented program (e.g. at the
level of a school system), whilst the systematic reflection and documentation of the process may
lead to a set of procedures and conditions for successful dissemination and implementation (the
design principles) for such programs.

The differentiation between these types of design research, serves mainly conceptual purposes.
In practice, design researchers may combine orientations in their research. For example,
starting from a complex and persistent problem in education practice, the research group may
decide to apply design principles (‘local theories’) that resulted from other studies. In doing so
they are not only developing an intervention, but at the same time exploring the validity of
design principles (theory) developed in another context for their own problem context.

Research question and design research phases

Researchers may have various reasons to embark on design research efforts, but all studies
combine two orientations, viz design and research. This is nicely characterized by Kelly, Lesh
and Baek (2008, p.xiii) who characterize design research as an emerging methodology in
education “whose goal is to synergize the study of learning and teaching at the intersection of
design processes and research methods (Italics by us). Design processes are systematic,
creative, dynamic, generative, and directed at solutions to real problems; whereas, research
methods are systematized, rule-governed, tied to standards of evidence and warrant, and
directed at establishing principles, theories, and laws.”

Design researchers are striving to design an optimal intervention and to identify valid design
principles (or a local theory) for these interventions in a certain context. Typical research
questions in a development study type of design research can be phrased as: "What are the
characteristics of a good quality <intervention X> for the purpose/outcome Y (Y1, Y2 ... Yn) in
context Z?" An example of such a research question can be found in Chapter 40 of this book
where Dowse and Howie phrase as their research question "What are the characteristics of an
intervention for promoting academic research writing which will best support master’s students
in education in the proposal stage of their research?". Please, refer to the chapters in this book
(for instance chapters 30 and 51) for other examples. Based on prior work, Nieveen (1999; see
also 2009 and part A — Chapter 6) proposes criteria for good quality interventions, implying that
a complete and final version of an intervention should be:
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e Relevant: There is a need for the intervention and its design is based on state-of the art
(scientific) knowledge — also called content validity;

e Consistent: The intervention is 'logically' designed — also called construct validity;

e Practical: The intervention is usable in the setting for which it has been designed;

e  Effective: Using the product results in desired outcomes.

In development studies, we usually distinguish a number of phases in which design and

research activities are intertwined:

e preliminary research: needs and context analysis, review of literature, development of a
conceptual or theoretical framework for the study;

e development or prototyping phase: phase consisting of iterations of analysis, design and
formative evaluation, each being a micro-cycle of research with formative evaluation as the
most important research activity aimed at improving and refining the intervention;

e assessment phase: summative evaluation to conclude whether the solution or intervention
meets the pre-determined specifications.

Similar research phases are found in validation studies. For example, Cobb et al. (2003)

distinguish between the phases of preparing for a design experiment, conducting a design

experiment and conducting a retrospective analysis.

Throughout all these activities the researcher or research group will do systematic reflection and
documentation to produce the theories or design principles as the scientific yield from the
design research. Some authors include the implementation of the intervention, i.e. putting the
intervention into practice, also as a phase in design research - for example McKenney and
Reeves (2012) and Penuel, Fishman, Cheng and Sabelli (2011) who are speaking of design-
based implementation research. We acknowledge that the dissemination and implementation of
a particular program (intervention) can be a real challenge and suggest that such processes of
upscaling can be supported by design research as well. However, we think that it is important to
distinguish the research-based development of an intervention (‘proof of existence’) from the
processes of dissemination and upscaling.

The iterative nature of the development or prototyping phase is needed for the ‘successive
approximation of the practical products’ (or ‘interventions’) and the ‘successive approximation of
theory’ (or ‘design principles’) — terminology taken from Wademan (2005). Each iteration or
cycle is a micro-cycle of research, i.e. a step in the process of conducting the design research.
Each iteration will have its own research or evaluation questions and consequently its own
research design and will include systematic reflection on the theoretical aspects or design
principles in relationship to the status of the intervention, resulting in either the decision that the
intervention is not yet optimal so that another iteration is needed, or in the conclusion that the
intervention is “good enough’, i.e. meeting the expectations of the research group for that
iteration. In the first case a re-design, refinement or revision of the intervention is needed, which
goes hand-in-hand with the refinement of the intervention theory or design theory.

These features and characteristics of design research are nicely captured by Wademan (2005)
in what he calls the generic design research model (see also Part A, Chapter 1).

VIl



Researchers

Other
Sources

Practitioners

Collaboratives

Problem in Context

Phases

Consult
Experts &
Practitioners

Focused
Literature
Review

Analyze
Practical
Context

Analyze
Promising
Examples

Preliminary investigation
of Problem, Context,
& Approaches

/.

Tentative
Product
Approaches

Tentative
Design
Principles

Solution and Method

E Refinement of Problem

Formative
Evaluation

Redesign & Refinement
of Products & Theories

Reflection

Refinement of
Design Theory

~ ~

Practical
Product/
Results

Contribution

~

Problem Identification

A

L

Identification of Tentative
Products & Design Principes

. v

Tentative Products
& Theories

Prototyping & Assessment of
Preliminary Products & Theories

H v

Problem Resolution
& Advancing Theory

y

Figure 1: Generic design research model (Wademan, 2005)

||x



Scientific nature of design research

Like other researchers, educational design researchers need to meet criteria of good research
and therefore to apply the guiding principles for scientific research (Shavelson & Towne, 2002),
viz:

e Pose significant questions that can be investigated,;

e Link research to relevant theory;

e Use methods that permit direct investigation of the question;

e Provide a coherent and explicit chain of reasoning;

e Replicate and generalize across studies;

e Disclose research to encourage professional scrutiny and critique.

For each cycle the researcher (or research team) applies the methodological ‘rules’ for doing
research, i.e. for identifying the target audience and sampling, for instrument development and
apply triangulation to obtain good quality data. Given the layers of formative evaluation in
design research, in the later stages of development the evaluation design needs to be more
rigorous than in earlier stages.

Design research is conducted in close collaboration with educational practice. Educational

practitioners are actively involved, often as members of the research team. This leads to a

number of challenges that are typical for this type of research, such as the risk that possible

multiple roles of the researcher may jeopardize the quality of the research and the fact that real-

world settings may imply real-world complications. Several measures can be taken to

compensate for potential conflicts of interest - with reference to the guiding principles for

scientific research (mentioned above) one may think of:

e make research open to professional scrutiny and critique by people outside the project;

¢ have a good quality research design with a strong chain of reasoning, triangulation,
empirical testing and a systematic documentation and reflection of the design,
development, evaluation and implementation process and their results;

e pay attention for validity and reliability of instruments and data.

See for a more detailed discussion Plomp in part A of this book, Chapter 1.

Generalizability in design research

In design research, like in case studies and experimental studies, the findings cannot be
generalized automatically to a larger universe (there is no statistical generalization from a small
sample to a population, as in the case of survey research). Building on Yin (2003) we argue that
yet design researchers have to strive to generalize their findings to a broader theory (Plomp,
2009, 2013). Design principles or local (instruction) theories must be tested through replications
of the findings in a second, third or in more cases in various contexts with the purpose that the
same results should occur. Once such replications have been made, the results might be
accepted for a much larger number of similar contexts, even though further replications have
not been performed. This replication logic is the same that underlies the use of experiments and
allows experimental scientists to generalize from one experiment to another. Yin (2003) calls
this analytical generalizability.

3. The act of assembling the collection

The general purpose of this book (providing a rich number of examples to give students and
novice researchers examples and insights in how to design and conduct an EDR-project)
implied that we strived for cases reflecting a good variation of design research studies. In this
section we describe the process of preparing the collection of cases. First we summarize some
important dimensions that we wanted to be well-represented in the book. Then the guidelines
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for the authors will be summarized, which will be followed by a description of the thorough
review process.

Variety of cases

As researchers may have various reasons to embark on design research, we aimed for a
variation in focus of the cases of design research, such as the focus on the development of
innovative interventions, on the development and validation of (instructional, pedagogical or
learning) theories and on the dissemination and implementation of interventions. Moreover, the
collection of cases was to cover studies in all educational sectors, was to represent a wide
variety of domains in the field of education sciences (such as curriculum, learning and
instruction, subject-related teaching methods, school organization, instructional technology, ICT
in education) and was to provide studies on a variety of types of interventions (curriculum
(units), authentic tasks, assessment tasks, monitoring systems). Based on our network of
researchers and using the 'snowball approach’ (inviting experts in the field of EDR to nominate
good examples of design research), we found researchers from more than 23 countries from all
over the world willing to contribute to this book, eventually leading to a collection of 51 cases. In
section 4, we will describe the collection of cases on a number of dimensions.

Author guidelines

An important starting point was that authors should have as much freedom as possible in
describing their cases. However, as the cases are meant as examples from which graduate
students and novice researchers should be able to learn how to design and conduct a project
utilizing EDR as the research approach, we proposed that each chapter should address a
number of topics that are not only characteristic for good research, but are also exemplary for a
good case of educational design research. We considered it important that a reader will get a
good understanding of the research design which implied that a clear description of the ‘chain of
reasoning’ for the research was necessary. We therefore suggested the authors to address in
their chapter at least the following six issues or topics (each containing more detailed
guidelines):

1. Introduction to the problem.

Development of conceptual framework/conceptualization of study.

Research design.

If applicable for the project: Assessment phase.

Yield of the project.

. Reflection, lessons learned.

As indicated, we did not want to impose a ‘straitjacket’ of guidelines, as each researcher did
conduct the research within the context and culture of their research group. But by requesting to
address the issues mentioned, we hoped that graduate students and novice researchers will be
able to understand how a particular design research project has been designed and conducted.
Finally, as we can imagine that readers would be interested in further details of the study, we
asked the authors to include, at the end of their chapter, a few key sources for the research they
reported in the chapter.

SIS IENNSN

Reviewing process

As we strove for optimal quality of the contributions, a thorough reviewing process was set up
comprising of three layers. First of all, each manuscript was reviewed by the two volume editors.
For this first review, we used the author guidelines as a check list, but also checked whether the
overall ‘chain of reasoning’ for research had been applied in a way that the target reader would

XI



be able to understand how a particular piece of research was designed and conducted. In a few

cases, we considered a further revision desirable.

In the second round, each (revised) manuscript has been blindly reviewed by two peers of

which at least one was not from the same country as the author(s). We also tried to find for each

manuscript peer reviewers of whom at least one had another background than the author(s).

Two examples to illustrate this principle: a chapter focusing on mathematics education has been

peer reviewed by another math educator and curriculum specialist, whereas a chapter on an

ICT application in teacher education has been peer reviewed by an instructional technologist

and a language educator. The peer reviewers were given as the ‘key criterion’ whether the

chapter was written in a way that we may expect that graduate students and novice researchers

(many not being native English speakers) can learn how the particular EDR project has been

designed and conducted. Specific aspects for their review were:

e Does the title clearly describe the case reported?

e Does the abstract clearly summarize the case reported?

e Does the manuscript provide a sufficient account of the ‘chain of reasoning’ (or the various
steps) for the research presented, i.e. is the research design sufficiently clear?

e Do the findings and conclusions follow up on these? Has been discussed at the end of the
manuscript to what extent the main question is answered?

e Is the manuscript written in a style that is expected to be clear and understandable for
graduate students and novice researchers who are not native English speakers.

Authors revised their manuscript on the basis of the peer reviews and were asked to submit also

a memo indicating how they had dealt with the peer feedback. In a few cases the peer reviews

resulted in a major revision of a chapter, after which the volume editors did another close

review.

Finally, as a third layer, for a period of two months chapters were placed on a website only

accessible for the authors of case chapters allowing them to read the other chapters and to do

— if they would like so — an ‘open peer review’ and to provide feedback to colleagues and/or to

include in their own chapters a reference to relevant other chapters. This has resulted in a few

cases to some alterations in the chapters.

The entire reviewing process resulted in a collection of cases of successful design research,
that may vary in focus and approach to design research and in the details of reporting the
research, but that in our view also resulted in a set of case chapters that meets the purpose of
the book.

4. Describing the collection of cases

The collection of cases represents a wide variety educational design research studies. To
provide those who want to explore the collection of EDR cases with a tool to select a subset of
cases appropriate for her/his use, we have asked the authors to describe their case on a
number of dimensions of which we think that these will be relevant for exploring the collection of
EDR cases. The description dimensions were deducted from our perspective on the purpose of
the book, but we also included dimensions developed by Anderson and Shattuck (2012). See
the Appendix for the description of the dimensions sent to the authors. The case descriptions
formed the input for the case selection tool (available at the website of this book
http://international.slo.nl/edr). In the remainder of this section we provide — with an helicopter
view — an impression of the collection of cases.

Xl


http://international.slo.nl/edr

Countries

Figure 2 shows that successful cases on educational design research can be found all around
the world. In total, 23 countries formed the context of the various design research studies (in
some instances these are different from the countries where authors originate from). The USA
and the Netherlands are best represented.

14

< ¥ @ VW © CC @ 8 U S O WP T @ UV >T ¥ @ @ g v
W O T T 2 o5 O Y £ @ 5 > cC 5 O € ¢ 2 c © (9]
=) ccC-cmu-:oEec-qu,wmm>~-—m3':
c 80 8 g @2 0« a E-—m—cwg—m-‘:c'&;*—'
0w & 32 I oc0O0 52—~ ¢ 55 WO g S
D U g & c c ® Z £ - 5 VU g i O @ 3
< - R (© c (G]
+ 3 >3 un N —_ ©
[} o O o) =
< @@ = E
()
< =
'—

Figure 2: Countries that were context of the design research studies (N=51)

Educational sectors

Figure 3 illustrates that the cases are well spread over the various educational sectors. Some
authors stated that their study was carried out in two or more sectors. We asked these authors
to select one educational sector as being the main sector of their studies. All authors were able

to do so.

M (pre-)primary education
(8)

M junior secondary education
(15)

H senior secondary
education (10)

B teacher education (6)

® higher education and
workplace learning (12)

Figure 3: Main educational sectors that were context of the design research studies (N=51)
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Educational domains

Figure 4 depicts the educational domains represented in the cases. Understandably, authors
mentioned various combinations here, for example ICT in education and subject-related
pedagogy. Most studies in the collection (n=34) are linked to one of the domains of subject-
related pedagogy, followed by the domain of learning and instruction (29 studies). Meaningful
numbers are also in the domains of curriculum (16) and ICT in education (11) and the related
domain of instructional technology domain (7). It is noteworthy that only three studies have been
conducted on school organization and management. This might be due to the fact that the
design research approach originated in the other domains. However, these cases may become
illustrative examples and a basis for further developments in this area. Finally, six cases are
related to other domains, such as teacher education and adult education.
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Figure 4: Educational domains represented in the design research studies (N=51)
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Main aim of the design research

Earlier on we introduced three main types of design research studies: development studies
(aimed at solving educational problems for which no how-to-do solutions are available),
validation studies (aimed at developing and/or validating theories) and implementation studies
(aimed at successfully disseminating and implementing educational interventions). In validation
studies a differentiation can be made between studies aimed at developing local theories (e.g.
local instruction theories) and studies aimed at validating design principles that evolved from
other design research studies. Figure 5 displays that more than 2/3 of the cases in the collection
can be typified as being development studies; almost 1/3 are validation studies (14 with focus
on theory development and 3 on theory validation) and one study can be labeled as an
implementation study.

Figure 5 displays that 43 of the cases in the collection can be typified as being development
studies; 17 are validation studies (14 with focus on theory development and 3 on theory
validation) and one study can be labeled as an implementation study.

implementation
studies

(1)

validation
studies: theory
validation

(3)

Figure 5: Main aims of the design research studies (N=51)
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Type of intervention

Finally, Figure 6 depicts the type of interventions that resulted from the various design research
studies in the collection. Again, many authors mentioned that the intervention of their studies
could not be typified with just one category. When looking at the interventions described in the
collection, curriculum units (courses and modules) can be found most (n=34), followed by
educational program/curriculum (n=12) and learning tasks (n=9), monitoring systems (n=4),
assessment tasks (n=2) and other (n=4).

curriculum unit, course, module 34

educational program, curriculum 12

learning task 9

monitoring system 4

assessment task |2

other 4

Figure 6: Types of interventions developed in design research studies (N=51)
Note: the total in the figure is higher than 51, the number of cases, because some studies
aimed for more than one type of intervention.

5. Using the collection of cases

As stated, the purpose of this book is to provide graduate students and novice researchers —
many not being native English speakers — with a variety of examples of design research as an
aid in learning how to design and conduct their own research. Of course, each user will decide
on how to use this ‘supra-book’, i.e. which cases of design research will be of interest and
selected for studying, reviewing and analysis.

However, by emphasizing in this chapter the importance of the chain of reasoning for research
(see e.g. Krathwohl, 1998) and by presenting the guidelines for authors, as well as for peer
reviewers we wanted to provide the readers and users of this book with some helpful angles for
analyzing the cases.

The case selection tool available at the website this book (http://international.slo.nl/edr) gives
users the opportunity to select specific cases. By indicating (and combining) their areas of
interest (such as main aim of the design research study, education sector, educational focus,
type of intervention, underlying vision, domains in education sciences and country), users can
select, download and read or use a subset of cases that look most appealing to them.
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Appendix Dimensions of the description matrix

Main focus/aim of the design research

Development of innovative intervention (i.e. for which no clear guidelines and examples are
available)

Development of a new (instructional, didactical or learning) theory

Validation of a (instructional, didactical or learning) theory

Dissemination or upscaling of interventions

Other, viz ...

Se@ " ~ooo0ooTpNOPROCT

Education sector

Pre-school (0-4 year olds)

Kindergarten (4, 5 year olds)

Primary (6-11 year olds)

Junior secondary (12-15 year olds)

Upper secondary (16,17 year olds)

Upper secondary (vocational)

Teacher education (indicate for which subject and sector)

Higher education general (indicate university/college level; faculty discipline)
Corporate learning

Non-formal (or informal) education and training (e.g. workplace learning)
Other, viz ...

3. Educational focus

Curriculum/school-related disciplinary focus of the research:

1. Can be school subjects: science, math, literacy, English language, mother tongue, etc.;
but also: vocational subjects

2. Can be generic topics such as cross-curricular skills (e.g. 21st century skills), use of
ICT/computers/social media, library skills

3. Combination of the above, viz ...

4. Other, viz ...

Other school/institution-related focus, e.g.

Teaching-learning methods

Curriculum planning

ICT in education

School management or leadership

Monitoring quality of education

Professional development of teachers

. Other, viz ...

Corporate learning related focus:

NoogswDdhRE

Other, viz ...

=0 o0 oTp Al

Type of intervention (that was developed as part of the DR study)
Education program, curriculum

Curriculum unit, course, module

Authentic tasks

Assessment tasks

Monitoring system

Other, viz ...
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Underlying vision on Teaching/Learning (as utilized/applied in intervention)
Problem-based learning

Competence-based education

Constructivistic approach

Distance learning/e-learning

. Other, viz ...

[NB: Combinations are possible, such as problem-based + eLearning; or constructivistic
approach + problem-based education; This dimension may not be applicable to certain cases of
EDR]

®oooTpw

6. Domain(s) in education sciences

a. Curriculum

b. Learning and instruction

c. Subject-related pedagogy/teaching methods, such
1. math education,

2. science education

3. language education

4. other

School organization/management

Instructional technology

ICT in education

. Other, viz ...

[NB: combinations are possible, e.g. ICT in education and subject-related pedagogy]

@ oo

7. Country (or educational system) that was context of the research
[NB: could be different from country where authors live]

8. Please provide a brief ‘portrait’ of your chapter (50-100 words)
(only information (in addition to previous points) that you consider essential for a reader when
considering selecting this case for further use)
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1. A formative experiment to enhance
teacher-child interactions in a preschool
classroom

Barbara Bradley

Abstract

This case presents a formative experiment investigating how two strategies aimed at increasing
the quality and quantity of language interactions could be integrated into a preschool classroom.
Strategies for enriching language interactions were introduced during book sharing, semi-
structured group activities, and mealtimes. Mixed methods revealed factors that enhanced,
inhibited, or sometimes prevented the integration of enriching language interactions during the
school day and accordingly what adaptations might be warranted. This chapter also presents
the literature and design principles that informed the study and the framework for
conceptualizing and conducting a formative experiment. Further, it discusses lesson learned,
and it provides issues for researchers to consider before conducting a formative experiment.

1. Introduction to the problem

Developing children's oral language is an important goal of preschool instruction, because it is
foundational to literacy development and subsequent reading achievement (NELP, 2008;
NICHD, 2005). Yet, many children have impoverished opportunities to develop foundational oral
language skills that will help them to be successful in school (Hart & Risley, 1995). Specifically,
children who enter school with poor oral language skills often experience difficulties in learning
to read (NICHD 2005; Torgesen, 2002). Thus, enhancing children’s oral language skills,
particularly children from low-socioeconomic homes, has been argued to be a priority in
preschool classrooms (Neuman, Newman, & Dwyer, 2011).

Preschool teachers are in a good position to enhance children’s oral language skills and to
mitigate deficits. However, they may resist or have difficulty implementing potentially useful
interventions, particularly when those interventions conflict, for example, with established
programs with less emphasis on language development, with teachers’ beliefs about the needs
of young children, and/or with classroom routines for managing instruction (Schwartz, Carta, &
Grant, 1996; Wells & Wells, 2001). Thus, this formative experiment investigated an intervention
aimed at enhancing oral language development by integrating more productive language
interactions between preschool teachers and children throughout the school day (see Bradley &
Reinking, 2011a for more information about this study). Specifically, the aim was to determine
what factors enhanced or inhibited teachers’ ability to implement the intervention effectively and
how the strategies and activities might be adapted to facilitate successful integration into the
teachers’ instructional routines (Walker, 2006). The methodological approach was a formative
experiment, which is within the domain of design research, and it is an approach that literacy
researchers have used (e.g., Baumann, Ware, & Edwards, 2007; lvey & Broadus, 2007;
Reinking & Watkins, 2000). The origin of the term “formative experiment” can be traced to
Newman'’s (1990) study aimed at using computer-based activities to transform the teaching and
learning of science concepts.

A formative experiment, like design research, tests and refines an intervention within an
authentic educational setting. Further, like design research (Bradley & Reinking, 2011c; Cobb,



Confrey, DiSessa, Lehrer, & Schauble, 2003) it is (a) grounded in theory, (b) goal-oriented to
improve education and learning, (c) intervention centered in an authentic educational settings,
(d) involves iterative cycles of implementation and modifications, (e) transforms the educational
settings, (f) methodologically inclusive and flexible, and (g) pragmatic. However, literacy
researchers who conduct a formative experiment use a framework of guiding questions
(Reinking & Bradley, 2008), which will be presented later in this section. These questions
address and go beyond testing and refining an intervention and ask the researcher to consider
how the intervention influences other aspect of the educational setting, and to identify
unanticipated outcomes. That is, while both design research and formative experiments focus
on developing an effective intervention or product that is feasible for teachers to implement, a
formative experiment considers how an intervention can have positive and/or negative
influences on the classroom environment that goes beyond the focus on the intervention.
We believe that a formative experiment is well suited for conducting research in preschool
classrooms because the instructional intervention is the object of study and it is aimed at
changing teachers’ practices and potentially transforming the classroom environment (Bradley &
Reinking, 2011a, 2011b). A formative experiment also helps teachers and researchers to
explore and confront their beliefs through a close collaboration. Thus, a formative experiment
often facilitates the professional development of teachers, as well as enlightens researchers
whose theories of instruction may be tested and refined when applied to the realities of
classroom practice.
The framework for conceptualizing, conducting, and reporting a formative experiment (Reinking
& Bradley, 2008) is comprised of the following six questions:
1. What is the pedagogical goal of the experiment, and what theory establishes its value?
2. What is an instructional intervention that has potential to achieve the pedagogical goal?
3. What factors in the environment enhance or inhibit the intervention’s effectiveness in
achieving the goal?
4. How can the intervention and its implementation be modified during the experiment to
achieve the goal more effectively?
5. Has the educational environment changed as a result of the intervention?
6. What unanticipated positive or negative effects does the intervention produce?
The pedagogical goal guiding the investigation was to enhance children’s oral language skills by
increasing the quantity and quality of teacher-child language interactions during several
common preschool activities. The value of that goal is that children’s oral language skills lay a
foundation for developing literacy. The desired outcome was to understand and refine an
intervention that gives teachers options for engaging children in enriching conversations during
a variety of common activities that occurs in preschools in the United States (U.S.). That
outcome is important because many preschool language interventions focus on vocabulary
development as opposed to a broader range of language skills. That is, rather than emphasizing
individual words, this intervention is meant to support children’s abilities to communicate their
ideas. Further, preschool language interventions often occur within the context of book sharing
activities rather than throughout the school day (e.g., Wasik et al., 2006). Book sharing is when
teachers read a book aloud to children, typically to the whole class. Also, teachers help children
understand the content by asking questions and making comments, and by encouraging
children to do the same. Thus, the research question was: How can the quantity and quality of
teacher-child language interactions be increased during several common preschool activities to
enhance children’s oral language skills?
In this chapter | provide the empirical basis for the intervention, and | describe the intervention
and design principles, as well as the phases of the formative experiment. | also discuss the
factors enhancing and inhibiting the intervention’s effectiveness, the outcome of the study, and



revisit the design principles. Finally, | reflect on lessons learned and provide suggestions for
researchers using this approach.

2. Empirical basis for intervention

In this section, | briefly present the literature related to children’s language development,
professional development, and teacher change that informed the study. Then | conclude by
describing the language intervention design principles.

Children’s Language Development

The pedagogical goal of the investigation was to increase children’s oral language skills by
enhancing the quantity and quality of teachers’ language interactions with children. The
rationale for the intervention strategies is grounded in existing empirical findings. For example,
seminal research by Hart and Risley (1995) identified several key factors that influence
children’s oral language development: (a) the quality of the language interaction between a child
and a caregiver; (b) the quantity of language interaction between a child and a caregiver, and
(c) the diversity of language content and structure a child hears. Further, Hart and Risley (1993)
offered the following criteria for defining the quality of language interactions that enhance
children’s language development. Adults should listen carefully to a child’s utterances, respond
appropriately and in a positive manner to the specific content of a child's utterances, and
encourage a child to elaborate on his or her talk. These factors and criteria guided the
development of the strategies that comprised the intervention.

| also was guided by the literature about how teachers can respond orally to children to enhance
language skills. According to Snow’s seminal research (1983), a semantically contingent
response expands on the content of a child’s utterances, adds new information to the topic of
discussion, requests a child to clarify utterances, and/or answers a child’s questions. The
frequency of semantically contingent responses is positively correlated with a child’s oral
language skills, whereas the frequency of semantically non-contingent responses is negatively
correlated with a child’s gains in language skills (Snow, 1983). Thus, | defined quality of
language interaction by a teacher’s use of semantically contingent responses to engage a child
in extended conversations (6 or more exchanges) and increasing teachers’ use of semantically
contingent responses was one strategy that had the potential to enhance children’s oral
language skills.

Decontextualized demands (i.e., questions or comments requiring or inviting a response) move
language interactions beyond an immediate context and engage a child in a more cognitively
and linguistically challenging interaction. Decontextualized talk (Dickinson & Tabors, 2001)
includes interactions that require reasoning skills and more complex language, such as defining
words, predicting, and explaining. Research suggests that when children participate in
decontextualized talk, they are more likely to develop advanced linguistic abilities (Dickinson &
Tabors, 2000), and there is a positive correlation between the amount of decontextualized talk
and early literacy abilities (Hindman, Wasik, & Erhart, 2012). Thus, increasing teachers’ use of
decontextualized demands was another strategy used in this study because it has potential to
enhance children’s oral language skills.

Professional development and teacher change

The literature on professional development and teacher change was pertinent to the study and |
was guided by three factors that may influence teachers’ abilities to connect research and
practice (Malouf & Schiller, 1995). First, teachers’ attitudes and beliefs about teaching and
research influence their ability to adopt new instructional practices. Second, contextual factors,
such as the curriculum and instructional support, influence teachers’ ability and desire to adopt



new instructional practices. Finally, teachers need time and opportunities to reflect on their
knowledge and experiences in relation to the research findings. Reflection is a particularly
important component of effective teaching (e.g., Schén, 1987) because teaching is a "complex,
situation-specific, and dilemma-ridden" (Sparks-Langer & Colton, 1991, p. 37).

The intervention and design principles

In a formative experiment the intervention may be a coherent, integrated cluster of instructional
strategies or activities (Reinking & Bradley, 2008). Therefore, | attempted to increase teachers’
use of two strategies, semantically contingent responses and decontextualized demands, during
three activities in a preschool classroom: book sharing, semi-structured group activities, and
mealtimes. These activities were identified, prior to meeting the teachers, because they are
activities that regularly occur in preschool classrooms in the U.S. and they had the potential to
support teacher-led and child-centered conversations (Dickinson & Tabors, 2001). Further,
providing teachers with instructional guidance and support for engaging children in enriching
language interactions throughout the school day has been advocated in the literature
(Dickinson, McCabe, & Essex, 2006).

In sum, when developing an intervention to support the oral language development of children,
the first design principle was to develop an intervention that encourages teachers to focus on
language interactions throughout the preschool day. The second design principle was to ensure
teachers had different strategies that they might apply based on the needs of the children. That
is, | identified one strategy, semantically-contingent responses, that encouraged teachers to
following a child’s lead, and engage children in extended conversations, and a second strategy,
decontextualized demands, in which teachers could direct children’s thinking and use of
language. The third design principle was to develop an intervention that included activities of
varying levels of structure. For example, book sharing is a highly structured activity in which the
teacher leads the discussion of the book read aloud, whereas mealtimes are relatively
unstructured activities and children can choose the topic of conversation. Further, when
implementing the intervention, | recognized that teachers would need time and opportunities to
reflect on their attitudes and beliefs about the instructional practices, and that there might be
instructional or contextual factors that limited their adoption of various elements of the
intervention. Thus, the final design principle was to create opportunities to discussion the
intervention and to allow time for teachers to reflect on their instructional practices.

3. The study

In this section, | first describe the methods and procedures and then present the baseline data
related to teacher-child language interactions during book sharing, semi-structured activities,
and mealtimes. Next, | describe the iterations in relationship to these three activities. Lastly, |
describe the retrospective analysis, which includes addresses changes in the classroom
environment and unanticipated results of the intervention. See Table 1 at the end of this chapter
for a summary of research activities.

Methods

Participants

Participants included a preschool teacher, a paraprofessional, and 20 pre-school children. Ms.
Kephart (all names are pseudonyms), the teacher, held a Master's degree in education and had
20 years of teaching experience. Ms. Davis, the paraprofessional, held a high school degree
and had worked with Ms. Kephart for 3 years. The class was composed of 10 boys and 10 girls
between 4 and 5 years old. Six children were classified as African American, 9 as European
American, 5 as Hispanic; and, 19 of the 20 children received free or reduced lunch. The class



was located in an elementary school in a rural community in the Southeastern U.S. The teacher
and paraprofessional were recruited for several reasons. First, at the time the present study was
conducted, several local school districts were participating in a large federally funded research
project; however, the district that these teachers worked were not involved in that project.
Further, they met that criteria that both the teacher and paraprofessional were interested in
participating in the study and willing to be video taped. Further, and most importantly, they
believed that language development was an important component of a preschool program and
that they believed they could do more to support their students. While | believe that it is
important that schools and/or teachers identify educational problems they would like to address;
in some instances, such as this dissertation study, that is not always possible. That is, | was not
in a position to develop long term relationships with local preschools, help them to identify a
problem, and then provide support based on my area of expertise.

Procedures

After the teacher and paraprofessional (henceforth, | use “teachers” to when referring to both
the teacher and parapro) agreed to participate, in Phase |, baseline data was collected for 7
weeks. | observed in the classroom and the school to gain a thorough understanding of the
context, and | interacted informally with the teachers and children to build trust and to accustom
them to my presence. | gathered data systematically through a semi-formal interview and
informal discussions with the teachers, classroom observations and field notes, and videotaping
of book sharing and semi-structured group activities. | also administered language assessments
to the children. At the end of the baseline phase, | presented the intervention to Ms. Kephart
and Ms. Davis by (a) explaining the importance of preschool in developing children’s oral
language, (b) describing research related to children’s language experiences at home and in
school, (c) presenting the potential benefits of semantically contingent responses and
decontextualized demands and providing examples of each type of interaction, (d) explaining
the pedagogical goal and intervention in relation to their current practices, and (e) discussing
how their practices might be adapted or enhanced. In Phase Il, which lasted for16 weeks, Ms.
Kephart and Ms. Davis implemented the language strategies, and | continued to collect and
analyze data to identify factors that were enhancing or inhibiting their ability to implement the
intervention. Specifically, | collected video data of book sharing and semi-structured group
activities, and took observation notes during mealtimes and playtime. Then, data were analyzed
to determine the frequency of and types of questions and comments made during teacher-child
conversations. Video clips, transcripts, and tentative findings were shared with the teachers so
that we could discuss factors that were enhancing or inhibiting talk and to determine what steps
might be taken to minimize the inhibiting factor and to increase children’s talk. Phase Il also
consisted of two iterations. The first iteration occurred between November and December and
then we reviewed the intervention before beginning the second iteration, which occurred
between January and March. At the end of this development phase, | debriefed the teachers in
a semi-structured interview and re-administered the language assessments to the children.
During a final phase, a retrospective analysis was conducted. That is, all sources of data were
reviewed to gain a deeper understanding of intervention and to inform responses to questions
five and six in the framework guiding this formative experiment.

The Baseline Phase

Book sharing

Before implementing the intervention, baseline data were collected to better understand the
language environment of the class and how the teachers’ instructional practices aligned with the
intervention. Seminal research by Blank, Rose and Berlin (1978) with preschool teachers



suggests that approximately 30% of teachers’ demands should be decontextualized to support
children’s language and cognitive development. Taylor, Pearson, Clark, and Walpole (1999),
also found that highly effective elementary school teachers used approximately this proportion
of decontextualized demands with their students. Therefore, | used this proportion as the criteria
for effective use of decontextualized demands. During the baseline period, book sharing
activities were video recorded and transcripts were search for decontextualized demands. Ms.
Kephart demands were above the recommended 30% level, whereas Ms. Davis’ demands were
below the 30% level. Therefore, there was potential for Ms. Davis to modify her book sharing
interactions with children. The transcripts were searched for extended interactions and coded
for semantically contingent responses. Although both teachers did use semantically contingent
responses, the number of such responses that led to extended conversations (defined as more
than 6 exchanges) was limited. Finally, based on field notes and interviews, the teachers did not
read to children in small groups, nor was it a planned activity. Therefore, reading to children in a
small group, which was part of the intervention, would be a new instructional activity for these
teachers.

Semi-structured group activities

During semi-structured group activities, children were expected to listen quietly while the
teachers gave directions; otherwise, they were allowed to talk freely as they engaged in
activities (e.g., making a collage, building with small blocks). Coded transcripts of these
activities showed that the proportion of decontextualized demands in which the teachers
engaged the children was in all instances below the recommended 30%. The transcripts also
were searched for semantically contingent interactions, which revealed few child-centered
extended interactions.

Mealtimes

During breakfast Ms. Davis remained in the cafeteria with children. A timer with an alarm was
set for 10 minutes and children were expected to eat and not talk until the alarm sounded.
Nonetheless, after the alarm, Ms. Davis continued to encourage children to eat and not talk.
During lunchtime, both teachers ate lunch with the children in the cafeteria, and they would
occasionally set the timer, again to regulate talking. In addition, to control the noise level in the
cafeteria, there was a school-wide rule that when music was playing, talking was not allowed,
which limited time for conversations. Analysis of field notes indicated that when the timer or
music was not on, the teachers listened to the children’s conversations and participated in talk
when children directed a comment or question to them. However, as confirmed in an initial
interview and informal discussions with both teachers, they were primarily concerned that the
children ate nutritious meals. They did not identify mealtimes as an opportunity to interact
verbally with children.

Summary

Baseline data demonstrated that whole-class book sharing, semi-structured group activities, and
mealtimes were part of the teachers’ classroom routines, as expected, yet language interactions
during these times were teacher-directed, contextualized and provided limited opportunities for
children to develop their oral language skills. Thus, there seemed to be much room to increase
opportunities to engage children in enriching language interactions throughout the day.



Development phase: factors enhancing and inhibiting the intervention

Whole class book sharing

During the first iteration, both teachers’ proportion of decontextualized demands increased
beyond levels observed during baseline. Although both teachers increased their use of
decontextualized demands, | noticed that fewer demands were made after book sharing,
compared to before and during the book-sharing event. Recognizing and sharing nuances of
implementation is important because discussions after book reading has been shown to be
particularly beneficial for children’s language development (Dickinson & Smith, 1994) Despite
sharing that finding with the teachers and developing open-ended statements to encourage
discussion after book sharing, that pattern persisted during the second iteration. | speculate that
greater attention to interactions before and during book sharing lengthened the activity and
consequently raised concerns about children’s attention, and these concerns led to decreased
talk after book sharing. Nonetheless, alerting the teachers to the issue of decontextualized talk
and discussing possibilities in the context of viewing videotapes of their teaching led to an
increased use of decontextualized demands.

Although teachers engaged the children in more extended interactions during book sharing,
these interactions were primarily teacher-led, rather than following a child’s lead by using
semantically contingent responses. After reviewing videotapes, it was apparent that teachers
were concerned about maintaining children’s attention and limited the number of turns that any
one child had so that other children had opportunities to participate. Thus, a structured activity
like book sharing may not easily lend itself to extended conversation with children.

Small-group book sharing

When | introduced the small-group book-sharing component of the intervention, Ms. Kephart
resisted because she believed it conflicted with a hallmark of the High/Scope curriculum
(Hohmann & Weikart, 2002), which includes many opportunities for children to choose activities.
Further, Ms. Kephart was concerned that if both she and Ms. Davis were both reading to some
children, they could not adequately supervise children who were not participating in the small
group activity. Consequently, during the first iteration, the teachers did not implement small-
group book sharing.

This illustrates how the curriculum and classroom management influence the extent to which
aspect of and how an intervention is implemented. Although | believe that teaching in small
groups is in the best interest of children, when conducting a formative experiment, it is
necessary to see the intervention from a teacher’s perspective and to understand what factors
might prohibit implementing aspects of an intervention.

At start of the second iteration, Ms. Kephart indicated that she and Ms. Davis would consider
small-group book sharing. Although she did not explain her reasons, it may have been based on
her opportunity to reflect on the potential benefits of small-group instruction (Schén, 1987)
during the first iteration. To accommodate her concerns about supervising the children, each
teacher read to half the class, rather than to a small group of five to six children. Further, they
would read to the children at the end of the school day when children typically participated in a
whole-class activity. Nonetheless, book sharing was sporadic and did not seem to be fully
integrated into the daily routine.

Semi-structured group activities

During the first iteration, the teachers continued to engage children in contextualized talk and
although there were more extended interactions, they were typically teacher-led talk. To provide
teachers with more opportunities to focus on individual children at their respective table, some



children were allowed to sit at a third table to work independently. The teachers attempted this
modification on several occasions; however, it actually decreased teachers’ interaction with
children because they often were monitoring children at the third table.

Prior to the second iteration, the teachers and | discussed adopting a set of generic
conversation starters that were observed occasionally during the first iteration and that
supported decontextualized talk. Nonetheless, the data indicated that the teachers were not
able to increase decontextualized demands to the 30% criteria. Teachers also had limited
success increasing their use of semantically contingent talk to follow a child’s lead. After
reviewing the videotapes and transcripts, it became evident that decontextualized talk and child-
centered extended interaction were difficult within the context of the activities. During art
activities, for example, the teachers primarily helped children to share and manage the materials
and during math activities (e.g., building with small blocks), the teachers primarily worked with
children who struggled to learn basic concepts (e.g., counting).

Meal times

During the first iteration, Ms. Kephart joined the children for breakfast, and she and Ms. Davis
discontinued the use of the timer to restrict talking. These changes immediately increased
extended conversations between Ms. Kephart and the children, and particularly among the
children. While Ms. Davis occasionally engaged children in extended conversations, she
primarily allowed the children to talk among themselves and responded to questions and
comments directed to her. Based on this documented increase in conversations, | suggested
occasionally eating lunch in the classroom, like they did for their late afternoon snack, to avoid
the music that cued no talking. However, that suggestion was rejected, because Ms. Kephart
believed that it would be an inconvenience for the cafeteria staff and the custodian. Prior to the
second iteration | revisited the issue of occasionally eating lunch in the classroom but once
again the teacher indicated it would be an inconvenience for others.

Factors that emerged that influenced conversations during mealtimes were teachers concerns
that children were eating nutritiously and a school-wide rule restricting talk to control noise. That
is, teachers struggled to break well-established habits such as focusing on how much the
children had eaten or telling them to stop talking when the noise rose, rather than viewing
mealtimes as also a time to socialize. These factors illustrate how teachers’ beliefs, practical
issues, and policies can limit how an intervention is implemented However, these limitations,
revealed in this methodological approach, are necessary to acknowledge and to accept if they
cannot be accommodated.

Retrospective analysis

At the conclusion of the study, | conducted a retrospective analysis (Cobb, McClain, &
Gravemeijer 2003) of the multiple data sources collected during the development phase to
ensure a thorough and rigorous analysis to inform recommendations (Cobb, Confrey, DiSessa,
Lehrer, & Schauble, 2003). Further, this analysis informed the responses to questions five and
six in the framework guiding this formative experiment. Specifically, has the educational
environment changed as a result of the intervention? and what unanticipated positive or
negative effects does the intervention produce? | believe that these questions are particularly
important when conducting classroom research, because researchers often do not consider
how an intervention can influence instructional practices beyond what is planned. Responding to
these questions can also lead to the development of pedagogical or design principles.
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Changes in the educational environment

To determine if the educational environment had changed beyond the three identified
intervention activities, data were collected and analyzed during morning and afternoon free play
to determine if the teachers increased their language interactions with children. Free play was a
time during which children chose their own activities with minimal restrictions.

Identifiable differences were not observed during morning free play because, in part, teachers
used that time to take care of class business (e.g., take attendance, report lunch count, read
notes from parents). Data from afternoon free play could not be used because during baseline
children played outside, while during the intervention they play primarily inside due to colder
weather. Nonetheless, Ms. Kephart indicated in a final interview that she developed an
increased awareness of children's vocabulary knowledge, particularly during informal
conversations. Ms. Davis also indicated that she believed she knew the children better and was
more aware of their language abilities this year than in past years.

Unanticipated effects of the intervention

It is logical to assume that intervention strategies aimed at increasing teacher-child language
interactions would deepen teachers’ understanding of children’s lives. However, | had not
anticipated the distressing information that the teachers would learn about the children and the
pervasive effect that knowledge would have on their teaching and the classroom environment.
Specifically, the teachers learned that several children were witnessing family violence, and
several children were suspected of being sexually abused. That information highlights
dramatically in this study the many social-emotional needs of the children that may be revealed
when teachers engage children in richer conversations. Further, it added stress to the teachers
work and raised new responsibilities. Because these are sensitive issues with potentially
dramatic consequences, | discussed them during our final interview. Ms Kephart indicated that
she might have learned about the children’s troubled home life, but she believed that focusing
on the children’s conversation helped her to be more patient and it allowed children to share in
greater detail their home-life situations with her.

In short, asking the teachers to focus on language interactions helped them to be more sensitive
towards the children’s lives inside and outside of school. Also, their more responsive approach
may have allowed the children to develop a more secure relationship with them, which may
have facilitated children's comfort and security in sharing their family situations with their
teachers. Thus, one unanticipated positive outcome of interventions aimed at enhancing
language interactions in a preschool classroom may be an increased awareness of children’s
personal lives.

4. Conclusions

The results of the present study support previous research showing that preschool teachers can
change their book sharing style (Wasik et al., 2006). It extends that research by suggesting that
drawing attention to enriching language interaction along with viewing video clips, may lead to
more decontextualized demands. Yet, the increased use of decontextualized demands occurred
before and during book sharing and was followed by a decrease in such demands after book
sharing. That finding is significant, because research indicates that rich discussions after book
sharing are particularly important to language development (Dickinson & Smith, 1994). Thus,
researchers and teachers should carefully consider the subtleties of how strategies are
implemented. Further, the present study supports research showing that it may be difficult for
preschool teachers to implement small-group book sharing (Whitehurst, Arnold, Epstein, Angell,
Smith, & Fischel, 1994) and it adds a nuanced understanding of why implementation may be
difficult for teachers.
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The present study clearly demonstrates the extent to which context influences teacher-child
interactions. For example, book sharing enabled teachers to increase their use of
decontexualized demands and mealtimes allowed them to engage children in extended child-
centered conversations. In contrast, semi-structured group activities, at least how it was
implemented in this class, encouraged more contextualized talk. Further, the present study
demonstrated that contextual factors that inhibit the implementation of an intervention might be,
in some situations, beyond the control of a teacher to change.

Finally, the present study considered how the intervention might produce unanticipated effects
in the environment. One unanticipated effect of intervention was that it increased the teachers’
awareness of children’s personal lives, which required the teachers shift their attention from
teaching to seeking social services for the children and their families. This finding demonstrates
the need for teachers and researchers to consider how an intervention may produce positive
and negative influences, which formative experiments, unlike other approaches to research,
reveal.

Professional development and classroom practice

The present study provides several implications for professional development and classroom
practice. First, teachers' beliefs clearly influence how they interact with children, how they
structure activities, how they implement the curriculum, and so forth. Thus, it may be important
to provide teachers with explicit opportunities to reflect on how their beliefs are instantiated and
the consequences of those behaviours in relation to their educational practices.

The findings also suggest that the curriculum and the extent to which teachers are committed to
it influence how they interact with children. Consequently to achieve a pedagogical goal, it may
be necessary for teachers to implement approaches that might move them outside of their
comfort zone, especially if that comfort zone is grounded in a set curriculum. Thus, teachers will
need support to learn about and to implement a new approach, particularly if it is not easily
merged into an established curricular framework.

Design principles revisited

Supporting young children’s oral language development is an important goal because it is
foundational to literacy development and subsequent reading achievement. The intervention
was designed to provide teachers with language strategies that they might implement during
common preschool activities. The first design principle encouraging teachers to focus on
language interactions throughout the preschool day was feasible, and based on interviews,
teachers indicated that such interactions help them get to know their students better (see
Bradley & Reinking, 2011a). The second design principle, encouraging teacher to use different
strategies (i.e., decontextualized demands and semantically contingent responses) and the third
design principle, including activities that varied in level of structure (e.g., highly structure to
unstructured) were more interrelated than expected. That is, this study demonstrates how
context guides or limits the types of language interactions. For example, structured activities
(e.g., book sharing) may allow teachers to engage in more planned and decontextualized talk,
while unstructured activities (e.g., mealtimes) may allow teachers to follow a child’s lead and
engage children in more extended. Although, the teachers in this study did not engage children
in as many extended interaction as hoped due to a school-wide rule (i.e., no talking when music
was played), there was potential for extended conversation. It may be possible that other
unstructured times such as free play, when children choose their own activities, may lend itself
better to conversations. Most enlightening were the semi-structured activities because both
teachers tended to engage in few extended interaction with children and their talk was primarily
directives (e.g., managing children’s behaviors and task). While some activities can consist of
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directives (Girolametto, Weitzman, Lieshout, & Duff, 2000), research also shows that they can
provide opportunities for enriching talk (Girolametto, Hoaken, Weitzman, & van Lieshout, 2000).
Ultimately, how teachers interact with children may depend on the activity and its objective, as
well as the extent to which children need supervision. Further, research is needed to understand
if and how such activities can be leveraged to support both the objective of the activity and oral
language development.

The fourth and final design principle related to professional development, which is an important
aspect of implementing an intervention, should provide teachers with time and opportunities to
reflect on their beliefs and attitudes toward the intervention, its goal, and their instructional
practices. While teachers did engage in self-reflection as evidenced by, for example, their
comments when viewing video clips of their teaching and the teacher’s decision to implement
half-class book sharing during the second iteration (Bradley & Reinking, 2011a), it may be
useful for several teachers in similar circumstances to discuss these issues related to an
intervention. Further, to support teachers’ self-reflection and to avoid a sense of being judged,
researchers might focus on children’s responses to help teachers to consider how their
behaviors influence children’s learning; sharing video recordings seem particularly helpful on
this point.

5. Lessons learned

The present investigation was my dissertation and, as new researcher, | believed that a
formative experiment would help to reveal aspects of instructional interventions in preschool
classrooms that are not as apparent through other approaches to classroom research. For
example, conventional experiments require fidelity when implementing an intervention,
regardless of contextual variables, including teachers’ belief or professional decisions. For me,
findings from this study demonstrated how strongly contextual variable influenced the process of
integration and change. For example, the teachers easily increased their use of
decontextualized demands during books sharing but struggled to consistently change patterns
of talk during semi-structured activities. Thus, while teachers wanted to and did make changes
to better support children’s language development, changing instructional practices is a complex
process that involves considering many issues such as tacit beliefs and behaviors, demands of
class activities, and school policies and procedures. In short, this experience reminded me of
the complexity of contextual variables in an educational environment and the demands placed
on teachers. Further, | learned how deeply a teacher’s style of language interaction and
teaching is ingrained and personal. Thus, useful interventions or modifications that help to
accomplish a pedagogical goal may be difficult to adopt, even when a teacher desires to do so
(Rowe, 1998).

To support teachers and to avoid being evaluative, when discussing language interactions, |
focused on how the children were responding rather than just what teachers were doing. While |
had planned to show teachers the transcripts and videos, this study showed me how powerful
videos are as part of professional development. Both teachers often noticed and commented on
situations that helped them to better understand their practices, as well as students’ behaviors,
when watching the videos. Since conducting the present study, | have consistently collected and
shared videos with teachers as part of research and professional development. Further, this
technology is easier to use (e.g., videos can be downloaded almost instantly into a viewable
format) and equipment is less expensive.

As a former preschool teacher, the teachers and | quickly developed a collaborative relationship
and we could easily discuss issues related to the intervention, as well as other class issues.
However, it wasn't until the final weeks of the study, when the welfare of some of the children
came to the forefront that the true value of our collaboration became apparent to me. That is, at
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that point in the study, our discussions focused as much on obtaining support for the children
and their families as it did on the intervention. This highlights the realities and complexity of
teaching and doing classroom research involving close collaboration between researchers and
teachers. It also reminds me of Kaestle’s (1993) argument that good education research is
research that directly contributes to improving people’s wellbeing, rather than forwarding a
particular agenda. Further, it highlights of the value of discussion among colleagues. As an
unfunded project, the present study was small out of necessity. Thus, as possible, | believe that
when conducting research, researchers should strive to build long-term relationships with
schools and teachers, and research should create plenty of opportunities for teachers to talk
with the colleagues. In sum, much can be learned when conducting research and often beyond
the focus study.

Key sources
Bradley, B.A., & Reinking, D. (2011a). A formative experiment to enhance language interactions
in a preschool classroom. Journal of Early Childhood Literacy, 11(3), 362-401.

Bradley, B.A., & Reinking, D. (2011b). Enhancing research and practice in early childhood
through formative and design experiments. Early Child Development and Care, 81(3), 305-319.

Reinking, D., & Bradley, B.A. (2008). On formative and design experiments: Approaches to
language and literacy research. New York: Teachers College Press.

References

Baumann, J.F., Ware, D., & Edwards, E.C. (2007). “Bumping into spicy, tasty words that catch
your tongue™: A formative experiment on vocabulary instruction. The Reading Teacher, 61(2),
108-122.

Blank, M., Rose, S.A., & Berlin, L.J. (1978). The language of learning: The preschool years.
New York: Grune and Stratton.

Bradley, B.A., & Reinking, D. (2011a). A formative experiment to enhance language interactions
in a preschool classroom. Journal of Early Childhood Literacy, 11(3), 362-401.

Bradley, B.A., & Reinking, D. (2011b). Enhancing research and practice in early childhood
through formative and design experiments. Early Child Development and Care, 81(3), 305-319.

Bradley, B.A., & Reinking, D. (2011c). Revisiting the connection between research and practice
using design research and formative experiments In N. Duke & M. Mallette (Eds.), Literacy

research methods (pp. 188-212). New York: Guilford Press.

Cobb, P., Confrey, J., DiSessa, A., Lehrer, R., & Schauble, L. (2003). Design experiments in
educational research. Educational Researcher, 32(1), 9-13.

Cobb, P., McClain, K., & Gravemeijer, K. (2003). Learning about statistical covariation.
Cognition and Instruction, 21(1), 1-78.

14



Dickinson, D.K., McCabe, A., & Essex, M.J. (2006). A window of opportunity we must open to
all: The case for preschool with high-quality support for language and literacy. In D.K. Dickinson
& S.B. Neuman (Eds), Handbook of Early Literacy Research (pp. 11-28). New York: Guilford
Press.

Dickinson, D.K., & Smith, M.W. (1994). Long-term effects of preschool teachers’ book readings
on low-income children’s vocabulary and story comprehension. Reading Research Quarterly,
29(2), 105-122.

Dickinson, D.K., & Tabors, P.O. (Eds.). (2001). Beginning literacy with language: Young children
learning at home and school. Baltimore, MD: Brookes.

Firestone, W.A. (1993). Alternative arguments for generalizing from data as applied to
qualitative research. Educational Researcher, 22(4), 16-23.

Girolametto, L., Hoaken, L., Weitzman, E., & van Lieshout, R. (2000). Pattern of adult-child
linguistic interaction in integrated day care groups. Language, Speech, & Hearing Services in
School, 31, 155-168.

Girolametto, L., Weitzman, E., van Lieshout, R., & Duff, D. (2000). Directiveness in teachers’
language input to toddlers and preschoolers in day care. Journal of Speech, Language, and
Hearing Research, 43, 1101-1114.

Hart, B., & Risley, T. (1995). Meaningful differences in the everyday experiences of young
American children. Baltimore: Paul H. Brookes.

Hindman, A.H., Wasik, B.A., & Erhart, A.C. (2012). Shared book reading and Head Start
preschoolers' vocabulary learning: The role of book-related discussion and curricular
connections. Early Education & Development, 23(4), 451-474.

Hohmann, M., & Weikart, D.P. (2002). Educating young children (2nd ed.). Ypsilanti, MI:
High/Scope Press.

Ivey, G., & Broaddus, K. (2007). A formative experiment investigating literacy engagement
among adolescent Latina/o students beginning to read, write, and speak English. Reading

Research Quarterly, 42, 512-545.

Kaestle, C.F. (1993). The awful reputation of education research. Educational Researcher,
22(1), 23, 26-31.

Lehrer, R., & Schauble, L. (2004). Modeling natural variation through distribution. American
Educational Research Journal, 41, 635-679.

Malouf, D., & Schiller, E. (1995). Practice and research in special education. Exceptional
Children, 61, 414-424.

National Early Literacy Panel. (2008). Developing early literacy: Report of the National Early
Literacy Panel. Washington, DC: National Institute for Literacy.

15



Neuman, S.B., Newman, E.H., & Dwyer, J. (2011). Educational effects of a vocabulary
intervention on preschoolers’ word knowledge and conceptual development: A cluster-
randomized trial. Reading Research Quarterly, 46(3), 249-272.

Newman, D. (1990). Opportunities for research on the organizational impact of school
computers. Educational Researcher, 19, 8-13.

NICHD Early Childhood Care Research Network (2005). Pathways to reading: The role of oral
language in the transition to reading. Developmental Psychology, 41(2), 428-442.

Price, L.H., & Bradley, B.A. (2009, December). A qualitative analysis of preschool teachers’talk
during book sharing with storybooks and with expository books. Paper presented at the National
Reading Conference, Albuquerque, NM.

Reinking, D., & Bradley, B.A. (2008). On formative and design experiments: Approaches to
language and literacy research. New York: Teachers College Press.

Reinking, D., & Watkins, R. (2000). A formative experiment investigating the use of multimedia
book reviews to increase elementary students’ independent reading. Reading Research
Quarterly, 35(3), 384-419.

Rowe, D.W. (1998). Examining teacher talk: Revealing hidden boundaries for curricular change.
Language Arts, 75(2), 103-107.

Schwartz, 1.S., Carta, J., & Grant, S. (1996). Examining the use of recommended language
intervention practices in early childhood special education. Topics in Early Childhood Special
Education, 16(2), 251-273.

Schén, D.A. (1987). Educating the reflective practitioner. San Francisco: Jossey-Bass.
Smith, M.W., & Dickinson, D.K. (1994). Describing oral language opportunities and
environments in Head Start and other preschool classrooms. Early Childhood Research

Quarterly, 9, 345-366.

Snow, C.E. (1983). Literacy and language: Relationships during the preschool year. Harvard
Educational Review, 53(2), 165-189.

Snow, C., Burns, S., & Griffin, P. (Eds.). (1998). Preventing reading failure in young children.
Washington, DC: National Academy Press.

Sparks-Langer, G.M., & Berstein-Colton, A. (1991). Synthesis of research on teachers’ reflective
thinking. Educational Leadership, 48(6), 37-44.

Taylor, B.M., Pearson, P.D., Clark, K.F., & Walpole, S. (1999). Beating the odds in teaching all
children to read. (CIERA Report #2-006). Ann Arbor, MI: CIERA.

Torgesen, J.K. (2002). The prevention of reading difficulties. Journal of School Psychology,
40(1), 7-26.

16



Walker, D. (2006). Toward productive design studies. In J. van den Akker, K. Gravemeijer, S.
McKenney, & N. Nieveen (Eds.), Educational Design Research (pp. 8-13). New York:
Routledge.

Wasik, B.A., Bond, M.A., & Hindman, A. (2006). The effects of a language and literacy
intervention on Head Start children and teachers. Journal of Educational Psychology, 98(1), 63-
74.

Wells, G., & Wells, J. (2001). Learning to talk and talking to learn. Theory into Practice, 23(3),
190-197.

Whitehurst, G., Arnold, D., Epstein, J., Angell, A., Smith, M., & Fischel, J. (1994). A picture-book

reading program in day care and home for children from low-income families. Developmental
Psychology, 30, 679-689.

17



Table 1: Summary of research activities

Phase 1: Baseline — 7 weeks

Data collected and analyzed

Findings

Intervention

Video recordings: Book sharing and
semi-structured group activities
Classroom observation - all
activities, including mealtimes
Child language assessments
Teacher Interviews

Whole-class book sharing

e Decontextualized talk: Teacher meets expectation; parapro
below expectations

e Semantically contingent talk: Teacher and parapro below
expectation

Small-group book sharing

¢ Did not implement

Semi-structured group activity

e Decontextualized talk: Teacher and parapro below expectations

e Semantically contingent talk: Teacher and parapro below
expectations

Mealtimes

e Teacher and parapro restricted or discouraged talk

e Presented decontextualized demands and semantically
contingent talk strategies in relation to current practices

Phase 2: Development - iteration 1: 7 weeks

Data collected and analyzed

Findings

Modifications

Video recordings: Book sharing and
semi-structured group activities
Classroom observation - all
activities, including mealtimes
Informal interviews with teachers

Whole-class book sharing

o Decontextualized talk: Teacher and parapro increased use of
decontextualized talk before and during book sharing but less
talk after book sharing

e Semantically contingent talk: No change

Small-group book sharing
¢ Did not implement this activity

Semi-structured group activity
e Decontextualized talk: No change
e Semantically contingent talk: More extended talk but teacher-led

Mealtimes

¢ Discontinued use of timer to restrict talk; Teacher joined children
for breakfast

e Teacher increased talk with children; parapro less restrictive and
responded to children’s questions/comment

Whole-class book sharing

o Decontextualized talk: Discussed and developed
opened questions to support talk after book sharing

¢ Semantically contingent talk: No modifications
suggested

Small-group book sharing
e Concerns about adding another small group activity to
the schedule

Semi-structured group activity
e Implemented small groups several times but too
challenging to manage

Mealtimes

e Suggested eating some lunches in the classroom due to
school rules limiting talk; teacher indicated it would be
an inconvenience for support staff even though they ate
shack in the classroom
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Table 1: Summary of research activities (continued)

Phase 2: Development - iteration 2: 8 weeks

Whole-class book sharing

e Decontextualized talk: Continued high levels of decontextualized
talk before and after book share but still less after books sharing

e Semantically contingent talk: No change

Small-group book sharing
¢ Implemented some small group book sharing and some half-
class literacy activities

Semi-structured group activity

e Decontextualized talk: No change

e Semantically contingent talk: Continued extended talk but still
teacher-led

Meal times
Teacher continued talking with children; parapro continued to be
less restrictive and respond to children

Whole-class book sharing

e Decontextualized talk: Continued discussing opened
questions to support talk after book sharing

e Semantically contingent talk: No modification suggested;
recognized need to keep conversation short during
structured large group activity

Small-group book sharing
e Discussed compromise of reading to half-class rather
than small groups

Semi-structured group activity
o Developed generic conversation starters to encourage
decontextualized talk

Meal times
e No modifications discussed

Re-assessment: 1 week

e Child language assessments
e Teacher Interviews
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Table 1: Summary of research activities (continued)

Phase 3: Retrospective analysis: 8 weeks

¢ Re-analyzed data

Whole-class book sharing

e Decontextualized talk: Teachers engaged in high levels of decontextualized demands (above 30%) before and after book
sharing but it led to less talk after book sharing; increased length of book sharing may have caused teachers to limit talk after
book sharing.

e Semantically contingent talk: Activity doesn't led itself to extended discussions

Interview: Teacher believed children need to develop cognitive skills; Parapro believed children needed to learn to sit quietly to
prepare for kindergarten

Small-group book sharing

¢ Implementing half-class book sharing somewhat feasible, may need more time to fully integrate
Interview: Teacher somewhat concerned about too many teacher-led activities

Semi-structured group activity

e Some activities allowed for decontextualized talk and child-led conversation. In general, talk focused on helping children and
managing the materials.
Interview: Activities allow children to develop other important skills/abilities

Meal times

e Teacher had conversations with children; parapro allowed children to talk and primarily responded to comments/questions;
school rule hindered intervention
Interview: Teacher and parapro still concerned that children eat nutrition meals but more open to socializing
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2. The development of a comprehensive
vocabulary instruction program for nine-to
eleven-year-old children using a design
experiment approach

James Baumann, Camille Blachowicz, Ann Bates, Char Cieply, Patrick Manyak, Heather
Peterson, Jeni Davis, Justin Arner & Michael Graves

Abstract

This chapter describes a design experiment exploring the feasibility of implementing a multi-
faceted, comprehensive vocabulary instruction programs in classrooms in U.S. elementary
schools. The study was a collaborative effort among university and school (teacher)
researchers. The three-year funded project involved annual replications of the vocabulary
program, which included the following four facets, or components: (a) provide rich and varied
language experiences, (b) teach individual words, (c) teach word-learning strategies, and (d)
foster word consciousness. The program was tested and modified on the basis of the annual
cycle of Program and Professional Development, Feasibility Testing, Analysis and Program
Revision. Revisions also occurred and from year-to-year across the term of the study. Results
revealed that students demonstrated substantial growth on several quantitative vocabulary
measures within and across years of the inquiry, with qualitative data documenting the
modifications and improvement of the program as the experiment unfolded. The researchers
learned that a long-term, collaborative design experiment on an instructional intervention that is
conduced with classroom teachers is complex, time-consuming, and demands significant
amounts of support and professional development for the teachers in order to be successful.
However, the insights provided by the teacher, co-researcher’s insider perspective are
invaluable in understanding how to iteratively modify an intervention across time to enhance the
impact and success of the new instructional curriculum.

1. Introduction

The purpose of our educational design experiment was to develop and refine a comprehensive
vocabulary instruction program for teachers to use with children in fourth- and fifth-grade (ages
9 to 11) elementary school classrooms in the United States (US). We had a two-part rationale:
(a) there were many extant research-based individual strategies for teaching vocabulary, but (b)
there was little research demonstrating if and how a balanced set of vocabulary strategies could
be incorporated into a multi-faceted vocabulary instruction program.

Numerous research-based vocabulary instruction strategies

Decades of research in the field of reading and language education has established the efficacy
of many specific types of vocabulary strategies and approaches (see research reviews by
Baumann, Kameénui, & Ash, 2003; Blachowicz & Fisher, 2000; Graves & Silverman, 2010). For
example, Beck and McKeown (2007) documented the efficacy of a Text Talk program for
teaching children word meanings during read alouds. Scott and Nagy (2004) reported on the
effectiveness of a program of word consciousness for promoting teachers’ vocabulary
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instruction and students’ word learning. Manyak (2007) demonstrated the effectiveness of
teaching students sophisticated words that described the traits of characters in narratives.
Additionally, there are a plethora of research findings that document that students learn word
meanings incidentally by reading independently (Swanborn & de Glopper, 1999), by listening to
texts read aloud (Elley, 1989), by listening to texts read aloud supplemented by brief definitions
(Biemiller & Boote, 2006), and through exposure to enriched oral language (Dickinson, Cote, &
Smith, 1993).

Few comprehensive vocabulary instruction programs

In spite of the voluminous literature on the effectiveness of many vocabulary strategies, few
studies have looked at multiple dimensions of vocabulary instruction that could be practically
and feasibly implemented by classroom teachers (National Institute of Child Health and Human
Development, 2000). Although there have been a few attempts to integrate several strategies
into a single program (e.g., Baumann, Ware, & Edwards, 2007; Snow, Lawrence, & White,
2009), most interventions were limited in scope, duration, or ecological validity. Pressley,
Disney, and Anderson (2007) expressed this situation well:

"We think it is time to move beyond the study of individual mechanisms [in vocabulary
instruction] and ask whether evidence-based vocabulary instruction and curriculum packages
can be developed that will make a difference in real classrooms. Such instruction will be
multicomponential and longer term than any of the vocabulary instruction addressed in
experiments to date (p. 226)."

Because of the need for long-term research on multi-faceted vocabulary instruction programs,
we applied for and were awarded a US Department of Education Institute of Education Sciences
(IES) research grant to develop an educational intervention (Baumann, Blachowicz, Manyak,
Graves, & Olejnik, 2009-2012). Over the three-year period of this inquiry, we developed,
evaluated, modified, and re-evaluated several times a vocabulary intervention we referred to as
Multifaceted, Comprehensive Vocabulary Instruction Program (MCVIP). In this case study
chapter, we describe the background, critical features, development, iterative evaluation,
modification, and results of our design experiment on MCVIP.

Our design experiment was a development study, which “aim[s] towards design principles for
developing innovative interventions that are relevant for educational practice” (Plomp, 2009, p.
23), as opposed to a validation study, which “focus[es] on designing learning environments or
trajectories with the purpose to develop and validate theories about the process of learning and
how learning environments can be designed” (Plomp, 2009, p. 23). The desired outcome of our
design experiment was to develop and refine a comprehensive vocabulary instruction program
for preadolescent students and their teachers through multiple implementations over an
extended time. The research involved three recursive phases: Program and Professional
Development, Feasibility Testing, Analysis and Program Revision. These phases were
replicated during each of the three years of the project. This structure is displayed in Figure 1.
Our iterative development process was driven by the following research question: How might
the theoretically and empirically based MCVIP be developed and evaluated iteratively such that
the program is likely to produce substantially better student outcomes relative to current
vocabulary education practice?
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Phase A:
Program &
Professional
Developme
nt

Development
1A

Development
2A

Development
3A

Phase B:
Feasibility
Testing

Feasibility
2B

Feasibility

Figure 1: MCVIP intervention development as three phases

2. Theoretical and methodological framework
In this section, we provide the empirical base for our study, describe the chain of reasoning
(theory of change) that guided our investigation, explain our perspective on what a design

experiment entails, and express the methodological framework that undergirded our study.

Empirical base

Phase C:
Analysis &
Program
Revision

Revision
1C

Revision
2C

Revision
3C

MCVIP was based on Graves'’s (2006;) four-component vocabulary program, which, as shown
in Figure 2, included “(1) providing rich and varied language experiences; (2) teaching individual
words; (3) teaching word-learning strategies; and (4) fostering word consciousness” (Graves,
20086, p. 5). These four components have been acknowledged to be theoretically essential
components of a balanced, all-encompassing vocabulary instructional program (Blachowicz,
Fisher, Ogle, & Watts-Taffe, 2006; Stahl & Nagy, 2006).
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Provide Rich and Varied
Language Experiences Teach Individual Words

- Character Traits - High Frequency Words
- Vocabulary Graphics - Academic Words

- Read-Alouds & Independent - Review Vocabulary Activities
Reading

MCVIP

Teach Word-Learning
Strategies

- Contextual Analysis

Foster Word
Consciousness

- Word Categories & Relationships

- Morphemic Analysis
- Word Play

- Dictionaries & Thesauruses

Figure 2: Multifaceted, Comprehensive Vocabulary Instruction Program (MCVIP) components,
strategies, and activities

Additionally, each component possessed its own empirical base. For example, the Teaching
Word-Learning Strategies component provided students instruction in skills they could use for
independent word learning, specifically, the development of morphemic analysis and contextual
analysis. Morphemic analysis involves “deriving the meaning of a word by examining its
meaningful parts (morphemes), such as root words (or base words), prefixes and suffixes
(collectively affixes), inflected endings, and Latin and Greek word derivatives (word roots)”
(Baumann, Edwards, Boland, & Font, 2012, p. 143). A number of studies have demonstrated
that when students are taught the meanings of prefixes, suffixes, word roots, and a strategy for
how to use word-part knowledge when encountering unfamiliar words, students acquire the
ability to infer word meanings from morphemic clues (Baumann, Edwards, Boland, Olejnik, &
Kame’enui, 2003; Baumann, Edwards, Font, Tereshinski, Kame’enui, & Olejnik, 2002).

Contextual analysis involves inferring the meaning of a word “by scrutinizing surrounding text for
syntactic and semantic linguistic cues provided by preceding and succeeding words, phrases,
and sentences” (Baumann et al., 2012, p. 143). Again, there is substantial research that
documents the positive effects of teaching students to recognize and use context clues
(Baumann et al., 2002, 2003; Fukkink & De Glopper, 1998;). There are similar theoretical
rationales and empirical bases for the Teach Individual Words, Provide Rich and Varied
Language Experiences, and Foster Word Consciousness components of MCVIP (see Baumann
et al., 2009-2012).
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Theory of change

Our funding agency, the US Department of Education IES (IES), requires researchers to provide
a theory of change (IES, 2012), which is the theoretical and empirical rationale for the
development of an intervention and how the intervention has the potential to affect student
outcomes. This theory of change (TOC) is akin to the “explicit chain of reasoning” the editors of
this volume request for each case study.

In our design research, our TOC was rather straightforward. As shown in Figure 3, the TOC
involved three components shown vertically: the target population, the immediate student
outcomes, and the long-term student outcomes. Specifically, as shown in the first column, the
target population was 9-11 year-old children who experienced the MCVIP intervention. The
immediate student outcomes (column two) were data from assessments on each of the four
MCVIP components, that is, data from tests for each facet of MCVIP displayed in Figure 2. The
final column presents the long-term outcomes -a generalized increase of vocabulary ability -
which corresponded to a standardized measure of reading vocabulary that was independent of
program content. Thus, the TOC outlines how the impact of our intervention for our target
population was evaluated for both immediate or “near transfer” effects and long-term or “far
transfer” measures of the impact of MCVIP.

—

Immediate Student Long-Term Student

Target Population QOutcomes of MCVIP Outcomes of MCVIP

Learn word
meanings
incidentally from
linguistic context

Learn explicitly
taught vocabulary

4th and Sth grade Enhanced general
students (9-11 Develop ability to vocabulary
year-olds) use contextual and knowledge

morphemic analysis
to infer word
meanings

Acquire word
consciousness to
develop the
appreciation,
nuance word
meanings.

Figure 3: Theory of change (explicit change of reasoning) in MCVIP
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Design experiment perspective

Our design experiment perspective is based on work in the US on formative experiments in
literacy research as articulated by Reinking and Bradley (e.g., Reinking & Bradley, 2008).
Formative experiments are typically grounded in the work of Brown (1992) and Collins (1992)
and reflect the frustrations researchers had experienced when employing conventional
positivistic or post-positivistic experimental or quasi-experimental research when exploring
educational interventions or innovations (see Reinking, 2011). Reinking and Bradley et al.
(2012) describe formative experiment as an "instructional intervention introduced into authentic
instructional settings [that] is modified formatively based on qualitative, and occasionally
quantitative, data indicating what is or is not working and why. . . . They [formative experiments]
are guided predominantly by the pursuit of accomplishing a specific pedagogical goal through
an intervention that can be justified as showing promise in accomplishing that goal. Although
general research questions may guide data collection, the central focus is on determining how
the intervention can be designed formatively to achieve that goal. (p. 411)."

Reinking (2011, p. 14) argued that “improving human wellbeing is the central imperative of
education research” and that the family of formative or design experiments (which he
fundamentally equates, see Reinking & Bradley, 2008, Chapter 2) provides an alternative to
traditional experimentation as a more direct mechanism to improving teaching and learning.

Design experiments initially had greater prominence in the arenas of science, mathematics, and
technology education (e.g., Kelly, Lesh, & Baek, 2008) than they had in reading and literacy
education. Recently, however, there have been a number of instances of published formative or
design research studies in our field (e.g., Baumann et al., 2007; lvey & Broaddus, 2007;
Jimenez, 1997; Neuman, 1999). It also was encouraging that the US Department of Education
acknowledged the value and legitimacy of funding our development project that employed the
formative/design methodology (Baumann et al., 2009-2012) in light of the recent emphasis on
scientifically based research as articulated in the No Child Left Behind Act of 2001.

Before proceeding to a description of our inquiry, we wish to make two important points. First,
as Reinking and Bradley (2008) and Bradley, Reinking, Colwell, Hall, Fisher, Frey, and
Baumann (2012) have argued, we fundamentally equate formative experiment and design
experiment. Therefore, we will use design experiment in the remainder of this chapter given the
title of this volume and the more widespread usage of design experiment.

Second, although collaboration among researchers and “participants” - oftentimes university
researchers and classroom teachers, respectively - is typically a characteristic of design
experiments (e.g., Cobb, 2000), there are different views on the nature and degree of
collaboration. For example, Reinking and Bradley (2008), who themselves include collaboration
as a typical characteristic of design research, state that “we do not believe that it is necessary to
consider all formative and design experiments to be collaborative research in the strictest
sense” (p. 80).

We acknowledge that design experiments can, do, and probably should vary significantly in the
degree of collaboration depending on the nature of the study, research questions, and context.
In our recent research, however, collaboration between our initial etic (university, “outside”) and
emic (classroom, “inside”) perspectives grew incrementally over several years to approaching
full co-researcher status (Davis, Baumann, Arner, Quintero, Wade, Walters, & Watson, 2012),
much like classroom/university teacher-research inquiries do (Ware, Mallozzi, Edwards, &
Baumann, 2008).
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Therefore, the design research we describe in this case study grew into a highly cooperative
inquiry over the period of the experiment. Out of respect for all research participants in our
design experiment, we will refer from this point forward to researchers as either university
researchers or school researchers. We acknowledge, however, that the latter term applied to
teacher participants only /ater in the study and that the degree of investment of our teacher
participants as “school researchers” varied somewhat across individuals and research sites.
Nevertheless, as the study unfolded, there were genuine feelings of synergism among
participants within the research sites, and this even extended across sites as the school
researchers met and interacted with one another at several professional meetings.

Methodological framework

Reinking and Bradley (2008, Chapter 2) describe and compare various methodological

frameworks for conceptualizing, planning, conducting, and reporting formative and design

experiments (e.g., Bannan-Ritland, 2003; Brown, 1992), along with their own framework. For

our study, we relied on the Reinking and Bradley framework, which consists of six questions

they pose for design experiment researchers to address before, during, and after their inquiry.

1. What is the pedagogical goal to be investigated, why is that goal valued and important, and
what theory and previous empirical work speak to accomplishing that goal instructionally?

2. What intervention, consistent with a guiding theory, has the potential to achieve the
pedagogical goal and why?

3. What factors enhance or inhibit the effectiveness, efficiency, and appeal of the intervention
in regard to achieving the set pedagogical goal?

4. How can the intervention be modified to achieve the pedagogical goal more effectively and
efficiently and in a way that is appealing and engaging to all stakeholders?

5. What unanticipated positive and negative effects does the intervention produce?

6. Has the instructional environment changed as a result of the intervention? (Reinking &
Bradley, 2008, pp. 74-78).

We have addressed Reinking and Bradley’s questions 1 and 2 thus far in this chapter. In the

following section on “Design Experiment Implementation,” we discuss the development,

feasibility testing, and analysis and revision phases of our design experiment, which addresses

questions 3 and 4. In the final section of this chapter, “Reflections,” we address questions 5 and

6 as we report on the immediate and lasting effects of MCVIP.

3. Design experiment implementation

In this section, we present our research methods and implementation of the study. This includes
a description of our research sites and the three cyclical, iterative phases that defined each of
the years of our design experiment: (a) Program and Professional Development, (b) Feasibility
Testing, and (c) Analysis and Program Revision (Baumann et al., 2009-2012).

Research sites

Our MCVIP design experiment was conducted in research sites in the US states of Colorado,
lllinois, and Missouri. In Year 1, seven classrooms participated in MCVIP in Year 2 there were
11 classrooms; and in Year 3, there were 12 participating classrooms. Data were ultimately
gathered over the three-year period of the study on 606, 9- to 11-year-old children (US Grades
4 and 5) and on 15 different classroom teachers (school researchers) who participated in the
project (most school researchers participated for two or three years).

Each year of our research, which was on a US school calendar (September through the
following August), consisted of three phases: (A) Program and Professional Development, (B)
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Feasibility Testing, and (C) Analysis and Program Revision (see Figure 1). These phases
corresponded to the months of September-October, November-April, and May-August,
respectively, with the exception of Year 1 when we extended Phase A to provide sufficient time
to finalize research site participation, create the first iteration of MCVIP, prepare assessments,
and create a variety of research protocols.

In Year 1, our research sites were in Colorado and lllinois. The Missouri site was added in Year
2 and continued in Year 3 because the principal investigator moved to a university in that state
and initiated a third research setting. Our site sampling provided for the variation in geography
and socioeconomic variables that we desired in our study. The Colorado site was in a suburban
school in a Latino diaspora community, with approximately 75% of the children in the school
being English learners with Spanish being their heritage language, with about 80% being
eligible for free- and reduced-price lunch (a US index of child poverty). The lllinois research site
was in an urban school of families of mixed socioeconomic status and ethnicities, with a poverty
level of over one-third. Additionally, there was diversity in heritage languages and dialects at the
school. The Missouri site comprised a school was in a mixed neighborhood of primarily White
and African American students with a poverty level of 57%. There were few English learners at
the Missouri site.

In the following three subsections, we describe the phases of our design experiment depicted in
Figure 1. Although we have attempted to organize our comments such that they fit neatly within
each of the three phases; in reality, that is not possible, and it is probably contradictory to the
philosophy of a design experiment. As design experimenters understand, whatever phases they
use to organize their studies, the processes of development, feasibility testing, and analysis and
revision are neither linear nor discrete. We include within each subsection data and descriptions
of events from all three years of our inquiry. We do this for efficiency in presentation, although
we acknowledge that this masks to some degree the evolution of MCVIP over the full duration of
our experiment.

Several researchers have attempted to represent the complexity of the iterative process in
design experiments as cycles of development and evaluation activity (e.g., McKenney, 2001, as
displayed in Plomp, 2009, p. 14). In addition to the phase structure shown in Figure 1 that we
use to organize the following discussion, an alternative graphic that builds on the cyclical nature
of design experiment is a vertical helix (see Figure 4). In this conception, the Program and
Professional Development - Feasibility Testing = Analysis and Program Revision cycle
repeats itself as researchers spiral vertically through time in a design experiment. Even this
conception has limitations, for as we experienced in our own study, there were times when we
were already making revisions as we were developing procedures, and we were revisiting
professional development during feasibility testing.

Although our primary research question about enhanced student vocabulary outcomes in
comparison to current vocabulary practices remained unchanged throughout the three years of
the inquiry, the more specific driving research questions varied somewhat by year. For example,
in Year 1 our question was, Can we develop the MCVIP intervention and determine if it was
feasible to implement by our school researchers? After learning in Year 1 that we could indeed
develop and implement MCVIP in Grade 4 and 5 classrooms, our questions transitioned in
Years 2 and 3 to the nature and nuance of the intervention.
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For example, we asked, How can we enhance the effectiveness and efficiency of the specific
instructional strategies or routines embedded within each component? What is the ideal balance
of time and emphasis among the components? and How can we refine our professional
development approach?

With these caveats in mind about the complexity of design experiments, we turn to a description
of the phases of our design experiment on vocabulary instruction.

—> Duration of Design Experiment -

Figure 4: MCVIP intervention development as cycles in a helix
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Phase A: Program and professional development

The initial tasks of the university researchers in Year 1 were to fully articulate the MCVIP
intervention beyond the original research proposal and to begin the first iteration of professional
development with the participating classroom researchers. One of the first tasks was to
established schedules for regular professional development at each site.

These typically included both regular before- or after-school meetings, as well as longer
meetings on half or full days when substitutes released the teachers from their classrooms. For
example, the Missouri site ended up scheduling before-school, hour-long meetings every other
Friday, with monthly all-day-long meetings at the home of one of the university researchers.
Somewhat different models evolved for the Colorado and lllinois sites, but there was
considerable time dedicated to MCVIP professional development at each research site.

Initially, the professional development involved introducing the school researchers to the
rationale behind and the specifics of each MCVIP component and the strategies and activities
devised to implement that component. For example, at the beginning of the first year of
implementation, the university researchers explained the purpose of the High Frequency Words
(HFW) component. This involved some “homework” (i.e., readings) for the school researchers
prior to the meetings, at which there were discussions and some role-playing of how to teach
the HFW lessons. Subsequently, the university researchers taught HFW lessons to the children
in their classrooms as the teachers observed. Still later, the school researchers video-recorded
their own teaching, which they viewed for personal reflections and which they shared at
research team meetings for group discussion and critique.

This professional development structure and process were replicated during Year 1 of the
intervention as each new component and associated strategies and activities were introduced.
The sequence of introducing MCVIP components was generally the same across sites,
beginning with the Teach Individual Words Component, followed by Provide Rich and Varied
Language Experiences, Teach Word-Learning Strategies, and Foster Word Consciousness. As
the professional development matured within and across years of the experiment, the
introduction of components was accelerated because the university researchers had begun to
refine the professional development content and process. Additionally, when school researchers
continued with the program for a second and sometimes third year, they introduced the
components more rapidly because they were more familiar and comfortable with MCVIP.

The amount of time the university researchers spent on professional development remained
consistent across the three years of the experiment, but the emphasis of the professional
development changed to more sophisticated discussions of how to enhance the MCVIP
components and instruction. Additionally, as we have noted, as the experiment unfolded, the
school researchers took a more active role in the professional development, often initiating
topics, setting agendas, leading discussions, and sharing video and artifacts that they
developed to enhance program effectiveness.

As the professional development matured in Years 2 and 3 of the study, so did MCVIP itself.
When the university researchers introduced the components and received feedback from the
school researchers and from researchers at the other sites (see following Phase B discussion),
S0, too, did MCVIP mature. Thus, the tasks of professional development and program
development - particularly as they were repeated across years of the study - became
simultaneous and symbiotic.
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Figure 2 presents MCVIP in its fully evolved form at the end of the three-year experiment. As
can be seen, each of the four components was manifest in two or three instructional strategies
or activities.

To illustrate the substance of MCVIP, we describe the Teach Individual Words component,

which included the following three specific subcomponents:

e Teach High Frequency Words that appear regularly in written text across multiple genres
but go beyond the highest frequency words (e.qg., basic sight vocabulary). For example,
some of the fourth-grade high frequency words include struggled, worthy, prevented, vast,
and rationale-words that appear commonly in written texts but which students may not know
or know only in a limited fashion.

e Teach Domain-Specific-Academic Vocabulary, which are words and expressions found in
textbooks and other curricular materials that are essential for understanding and learning the
content. For example, several MCVIP teachers taught a science unit titled Nature
Unleashed, during which they taught academic vocabulary like organism, population, and
ecosystem, which enabled students to understand and learn the science content.

e Vocabulary Review Activities are essential for long-term learning. For example, MCVIP
teachers use Word Walls and other tools (e.g., Smartboards, rings of word cards of words
taught, dictionaries and thesauruses, games and other activities) to provide students regular
review of words that had been introduced and taught. (from Baumann et al., 2012,
http://vocablog-plc.blogspot.com/2012/10/mcvip-multi-faceted-comprehensive.html).

There is not space in this brief case study to present in detail all MCVIP components, so we
refer readers to the web site referenced above, which describes all four MCVIP components
and the strategies and activities nested within each, along with graphics and examples of
program feature. Readers interested in additional details can refer to several applied
publications that address MCVIP strategies or approaches directly or some akin to them
(Baumann et al., 2012; Blachowicz & Baumann, 2013; Blachowicz & Fisher, 2012; Graves,
Baumann, Manyak, Blachowicz, 2013; Manyak, 2012).

Before moving to our discussion of Phase B Feasibility Testing, it is important to state that not
all four components of MCVIP were implemented identically in all research sites. Given that one
of our goals was to determine the feasibility of implementing MCVIP in multiple educational
contexts that varied in curriculum, instructional materials, and assessment, specific MCVIP
strategies and activities were employed somewhat differently across sites. For example, the
lllinois school had a mandatory core reading program that required those researchers to
integrate the word-learning strategy instruction (i.e., the contextual and morphological analysis
lessons) into the adopted reading program; thus, they taught embellished word-learning strategy
lessons as they appeared in the core program. In contrast, there was not a core reading
program that was strictly followed at the Colorado school, so the word-learning strategy lessons
were taught intensively and separately of the core curriculum. In spite of the variation in how the
MCVIP program was implemented, however, all participating teachers and students -regardless
of research site - experienced the full richness of the vocabulary curriculum.

Phase B: Feasibility testing

Within the design experiment framework, we employed a balanced, simultaneous, mixed-
method (Tashakkori & Teddlie, 1998) approach to data collection and analysis. Specifically, we
gathered pretest and posttest quantitative summative data (annually) on student growth and
development.
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We also gathered significant amounts of formative (ongoing) qualitative data on students’ and
teachers’ participation in MCVIP. We point out that the quantitative data addressed our primary,
overarching summative question about the feasibility of MCVIP in producing substantially better
student outcomes relative to current vocabulary education practice.

Our qualitative data, on the other hand, not only informed our primary research question but
also addressed our evolving questions about the formative nature and nuance of the
intervention. In this section, we use our qualitative data to illustrate how the school and
university researchers’ insights led to formative modifications of the MCVIP program. In the
following Phase C section, we share how the quantitative functioned as summative
assessments in our design experiment.

We noted previously that our professional development of the HFW included considerable
observation, critique, and feedback on the implementation of this aspect of MCVIP. For
consistency, we follow up with the HFW component to demonstrate how school researchers
informed the study and how they and the university researchers discussed and negotiated the
HFW vocabulary instructional component (Blachowicz, Bates, & Cieply, 2011; Blachowicz,
Baumann, & Manyak, 2012).

After several weeks of implementing the HFW strategy during Year 1 of MCVIP, the school
researchers consistently expressed frustration about time. One school researcher commented,
“It takes me a long time to do this and | don’t know how to simplify it [teaching HFW].” A school
researcher from a different site stated, “There is no way | could have done the [all the] HFW. . . .
I’'m not having time. We have intervention half an hour every day with a different class then we
switch for science and social studies and vocabulary.” Another teacher stated: “Keep it [HFW] to
only 4 words a week or less. 5-6 words were too many.”

There also was a common belief that students knew many or even most of the HFW prior to
instruction: “These are pretty easy words,” one school researcher commented. Another stated
that “Some of the HFWs have less appeal than [other] words for my students” The grouping
structures also caused some consternation, with one school researcher stating, “l don't like
large groups. It takes too much time away from differentiation,” with another saying, “I don't like
[the] small group. It takes too much time.”

Our approach was to acknowledge teacher frustrations with HFW (and with other components

when they occurred) and to ask the school researchers to specify the problems, which they

gladly did:

e “Sometimes the definitions are not kid-friendly enough.”

e “The second day’s lesson where we read the phrases should be modified.”

e “Could we connect it [HFW lessons] more to the curriculum? . . . Seems sort of random and
disconnected.”

e “[We need] more student engagement.”

e ‘|t was hard having rare and unique together in Lesson 15. They confused them.”

o “I'd like to look at other activities for Day 2 [of HFW] instead of reading the story.”

The university researchers didn't always agree with the expressed concerns (e.g., the

suggestion to teach only 4 HFW per week), and sometimes they argued that a “problem” was

more of an opportunity (e.g., capitalize on the similarity between rare and unique to distinguish

and teach their subtle meanings and use). But the university researchers listened and worked

with the school researchers to improve the HFW lessons. For example, in response to

frustrations expressed by the school researchers, one of the university researchers stated:
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"I hear what you are saying here. Let’s not kill HFW but figure out how to teach them more
efficiently. . . . We are still committed to the HFW [but if teaching them] really gets problematic,
we want to hear [from you]. . . We are going to modify the lessons. . . . We might have a couple
of little models, or a couple of scenarios for how to [teach the lessons].”

The research team brainstormed ideas and modified the lessons on the basis of teacher input.
For example, the school researchers made suggestions like upping the pace (“going faster in
the HFW lessons”), adding examples (“coming up with a sentence to demonstrate knowledge of
the word”), making connections for the students (“after giving definitions, | always give personal
connections”), using the HWF electronic whiteboard lessons better (“talking about the picture
first [and] then showing the [example] sentences”), and getting students more involved (‘I have
made the HFW lessons more interactive to increase student interest and participation by asking
students to stand up, sit down, put their hand on their head when they know an answer”).

On the basis of this feedback, the research teams modified the HFW lessons several times and
in many ways, capitalizing on the craft knowledge and experience of the school researchers
while utilizing the understanding of sound vocabulary instruction the university researchers
possessed. Consequently, the skepticism and frustration school researchers initially expressed
changed. The teacher who had stated “these are pretty easy words” later commented, “I thought
they knew all these words but they DON'T know them. Like aquatic. | was floored.” One teacher
had inquired early in the HFW introductory phrase, “How are we going to get the kids to USE
those words?”, but she stated later, perhaps begrudgingly, “Well, | am going to have to like this
component [HFW] because | am seeing that it is helping my students.”

We saw other changes, too. Early in the school year, a teacher who was new to MCVIP was
skeptical when we asked her to use dictionaries and thesauruses as part of our Word-Learning
Strategy (WLS) component. She stated, “Kids in this grade can’t use dictionaries. It just takes
too much time.” Later in the year, she acknowledged, “Well, they really seem to like them and
USE them. I'm kind a getting into this. They are starting to use them on their own for the
games.” At the end of each school year, we conducted student focus groups to obtain their
opinions of MCVIP. When asked what kind of advice students would give teachers about using
MCVIP the next year, one fifth grader responded, “Don’t resist the dictionary!”

Not all challenges and problems were solved immediately, and some -such as how to identify
and teach academic vocabulary from the specific curriculum at each site -persisted for quite
some time. As the design experiment progressed within and across years, however, the
teachers realized that they had a say in the study, and an esprit de corps grew among research
teams. Problem-solving became an enticing challenge. Near the end of the study, one school
researcher commented, “I really appreciated the constant dialogue and reflection that occurred
between all member of this research team.” Another classroom research stated that “| felt that |
have been part in the creation of lesson plans and the sequencing of the different MCVIP
components. . . . | also feel that my feedback is listened to, scrutinized, and sometimes utilized
for the betterment of the program.”

Phase C: Analysis and program revision

The quantitative data from our mixed-methods design experiment provided us formative and
summative information about the degree to which students were developing word knowledge
and word-learning strategies. Quantitative data were gathered each year for all participating
students on five beginning-of-school-year (fall) pretests and on a corresponding set of end-of
school year (spring) posttests.
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These included four experimenter-constructed proximal assessments, which were the (a)
Specific Vocabulary Knowledge Assessment (SVKA), which assessed students’ learning of
words that had been taught explicitly (e.g., HFW); (b) Context Analysis Assessment (CAA),
which evaluated students’ ability to use context clues to infer the meanings of low-frequency
words; (c) Morphemic Awareness Assessment (MAA), which assessed students’ knowledge of
morphemic elements and their ability to use that knowledge to construct the meaning of
morphemically “decodable” low-frequency words that were devoid of context; and (d) Word
Consciousness Assessment (WCA), which included a rating-scale open-ended questions that
required students to self-assess their vocabulary knowledge, explain how they dealt with
unknown words, and to demonstrate various aspects of word consciousness. These measures
correspond to the Immediate Student Outcomes column in Figure 3. A standardized measure,
the Vocabulary subtest of the Gates-MacGinitie Reading Tests (GMRT) (MacGinitie, MacGinitie,
Maria, & Dreyer, 2002), served as a distal measure, which corresponds to the Long-Term
Outcomes column in Figure 3. All but the WCA lent themselves to inferential statistical analyses,
which we address here.

All experimenter-constructed and standardized measures had strong reliabilities (coefficient
apha), ranging from a low of .767 to a high of .941, with a median of .890. To evaluate
quantitative growth, we conducted a series of paired-sample f-tests. Results from the SVKA,
CCA, MAA, and GMRT demonstrated that student outcomes on the spring posttests were
statistically significantly higher than their performance on the fall pretests. This was true for all
three years, and many effect sizes (Cohen’s d) were in the medium to high range. For example,
the effect sizes on the SVKA, which assessed words that we taught explicitly in the program that
included the HFW, were quite impressive at Year 3 (d = 1.381 for Grade 4 and d = 1.181 for
Grade 5).

The quantitative measures not only documented that students who experienced MCVIP grew in
vocabulary statistically significant levels, but they also guided our annual formative revisions of
the program. For example, the effect sizes for the word-learning strategies after Year 1 of the
program were only modest in size (CCA d =.378 and MAA d = .561). At the end of Year 3,
however, for the CCA and MAA were .549 and .830, respectively, documenting that we were
able to enhance students’ ability to use word-learning strategies across the duration of the
design experiment.

The general summative measure of reading vocabulary, the GMRT, which did not test words
that were taught in MCVIP, also demonstrated a clear trend that students’ yearly growth
increased across the years of the inquiry. Specifically, effect sizes on the Extended Scale
Scores (ESS) of the Vocabulary subtest GMRT were .322, .413, and .485 across years 1, 2,
and 3, respectively.

We also noted that growth tended to accelerate across the three years of the design
experiment. For example, when comparing the grade equivalent (GE) scores that corresponded
to the means of ESS, which can be compared across levels and grades for a given test, we
found that the GE scores revealed about one year’s growth on the GMRT for Years 1 and 2.
However, the fourth-grade pre/post GEs for Year 3 were 3.4 and 4.7, respectively, and .the
Grade 5 pre/post GEs for Year 3 were 5.3 and 6.8, respectively. This suggested that it took the
school and university researchers up to three years to develop MCVIP to the point that it that
demonstrated substantial student growth in vocabulary.
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In summary, our Phase A experiences revealed that an intensive professional development
program could be developed to provide school researchers the support they needed to initiate
and sustain their commitment to MCVIP.

The Phase B formative qualitative data demonstrated how researchers collaborated to improve
the components of MCVIP to create a feasible vocabulary intervention. Finally, the Phase C
formative and summative quantitative data indicated that the program development, feasibility
testing, and revisions in Phases B and C enhanced student vocabulary development from year
to year and accelerated their growth as the program grew to maturity.

4. Reflections and lessons learned

Reinking and Bradley (2008) ask design experimenters to consider whether there were
unanticipated positive or negative effects from the intervention implementation, which we
interpret as “lessons learned” from the study. In terms of potential negative effects, we found in
the first year of the program in particular that success in implementing several components had
a deleterious effect on other components. Our emphasis on explicit vocabulary instruction in the
Teaching Individual Words component (i.e., the HFW and academic vocabulary lessons) and
the intensive Word-Learning Strategy lessons we provided in that component reduced time
available for teachers to address the other two components. Initially, we did not engage much in
the Foster Word Consciousness dimension of MCVIP, and teachers tended to skip time for
student independent reading and teacher read alouds in the Provide Rich and Varied Language
Experiences component because of demands in keeping up with the other components.

This was troubling, for we knew that the aesthetic aspects of word consciousness and the
essential reading practice and exposure to text provided by these missing components could
have increased students’ independent vocabulary learning and interest and motivation in
vocabulary. Once we recognized this problem, we sought a better balance among the four
components, but it was worrisome that we may have inadvertently created a vocabulary
deprivation situation as we strove to enhance explicit vocabulary instruction. This lesson was
not lost throughout the remainder of the program as we tried to “put MCVIP in its place,” by
which we meant that all classroom and university researchers needed to remind themselves
that word learning is just one part of a literacy curriculum and that the literacy curriculum is just
one aspect of a total educational program.

Reinking and Bradley’s (2008) final question-Has the instructional environment changed as a
result of the intervention?-is another way of exploring what we learned from the study
specifically and more generally lessons learned about design experiments. With respect to
Reinking and Bradley’s question, we are confident that it has and in positive ways. Our school
researchers became celebrated in their buildings and districts for their expertise in vocabulary
instruction. Teachers from other buildings visited their classrooms and observed their
vocabulary lessons. Additionally, principals at the participating schools became interested in
expanding MCVIP to other grades, and the researchers received requests to work with teachers
in other schools in the districts.

Vocabulary became an indispensible part of the school researchers’ curriculum and instruction.
Collaboration was central to the success of the program. The classroom researchers and
university researchers created an intervention that would not have been possible outside the
design experiment paradigm. The synergy was palpable, as is evident in one of the classroom
teacher’'s comments near the end of the research:
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"I know | have grown as a teacher because of this study and feel that it is greatly because of the
coaching from the team, the implementation and reflection of lessons, and the freedom to go
back into my classroom to try something in a different way."

We do not wish to romanticize our experience, for we learned that the university researchers
made mistakes; there were false steps, pitfalls; and both university and school researchers
experienced more than a bit of frustration along the way. Developing interventions is
challenging, complex, and at times, quite messy. However, did MCVIP change the instructional
environment? We believe that the answer is revealed by statements from our school
researchers, one of whom stated, “This research team has made me look at vocabulary
differently and enhanced my teaching. | will never look at words the same and have this
research team to thank for that.” When a university researcher asked, “What is your opinion of
MCVIP now [at the end of the study]?”, one school researcher responded, “Would never not
teach it,” after which a colleague added, “[I will teach MCVIP] even when our grant is over. | still
have kept copies of everything. | can’t imagine not teaching it now. | don’t know how we did
without it. | love it; the kids love it.”

Now that the three-year design experiment has concluded, the university researchers still hear
from school researchers. These have included brief emails such as, “| miss MCVIP! | have
already taught the first 2 HFW lessons and 1 CT lesson. We should all get together soon!” and
“Missing you all this year!!! =)”. We also have received more in-depth emails from post-MCVIP
school researchers, such as the following:

"I can't express how much | miss working with the MCVIP team this year. Alas, reality has set in.
However, vocabulary instruction is going great with my new class. . . . We have 3 students that
are pushed into our class with autism only during vocabulary. Their SPED teacher specifically
wanted vocabulary time because she had observed MCVIP lessons taught last year. . . .

[Name of fourth-grade colleague] and | have also been training the other two 4th grade teachers
how to instruct vocabulary with MCVIP. They are 100% on board! If there is any way | can
collect data or anecdotals for my 3rd year teaching MCVIP [this teacher participated in MCVIP
for two years], please let me know. . . The last 2 years with MCVIP were priceless to me!"

In sum, it seems to us that something about MCVIP has stuck and lives on in the classrooms of
our design research colleagues.
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3. Design of a primary school physics web-
based learning environment: The teacher’s
role in the educational design research
project

Kalle Juuti & Jari Lavonen

Abstract

Educational design research (EDR) appears in authentic teaching and learning situations.
Therefore, the teacher’s role needs to be taken into consideration during the EDR process. In
this chapter, we describe one of our EDR project called Astel. We have understood EDR from
the point of view of pragmatism. In collaboration with teachers, we designed, tested, and
evaluated a web-based learning environment for primary school physics. By describing the
process, design solution, as well as the main data gathering and analysis, we illuminate the
different roles of the teachers in EDR project. Our main argument is that the researchers’
attitudes towards the teachers have to be collegial as they both have the same goal. Teachers
and researchers are co-designers of innovations that aim to develop teaching.

1. Introduction

One aim of this chapter is to describe one of our design research projects called Astel (Juuti,
2005) as an illustrative case of educational design research (EDR). Within the Astel project, we
designed via an iterative process a web-based learning environment for primary school physics.
Educational design research appears in authentic teaching and learning situations (Brown,
1992; Edelson, 2002). Therefore, teachers should have a crucial role in the research process
(Engestrém, 2011). Thus, in addition to describing the EDR project, this chapter also aims to
highlight the tension between different possible roles for teachers in the EDR project.

We have interpreted educational design research in the context of science education research
in a pragmatic framework (Juuti & Lavonen, 2006). In a very concise form, we emphasise the
following aspects of the pragmatic framework. Dewey, one of the classic pragmatists, viewed
knowledge as an organism-environment interaction. “In brief, the environment consists of those
conditions that promote or hinder, stimulate or inhibit the characteristic activities of a living
being. A being whose activities are associated with others has a social environment. What he
does and what he can do depend upon the expectations, demands, approvals, and
condemnations of others. A being connected with other beings cannot perform his own activities
without taking the activities of others into account” (Dewey, 1916/1980, pp. 15-16). In
pragmatism, knowledge and action are seen to be intimately connected. Knowledge emerges
when a designed innovation is implemented in a classroom. Further, through reflection,
knowledge is gained from experiences of classroom implementations (Juuti & Lavonen,
accepted). The knowledge formation is seen to been tightly connected to authentic teaching and
learning situations. Therefore, teachers are needed to engage in educational design research
projects. We apply Dewey’s notion of shared activity as a conceptual tool to analyse our Astel-
project.
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Dewey uses the notion of shared activity in differentiating situations where one “does not share
in the social use to which his [or her] action is put” (Dewey, 1916/1980, p. 17). In situation
involving shared activity, one has “the same interest in its accomplishment which others have.
He [or she] would share their ideas and emotion” (Dewey, 1916/1980, p. 17). In educational
design research, shared activity means that teachers and researchers design, implement, and
evaluate educational innovations together; thus shared activity requires communication
between teachers and researchers. Biesta and Burbules (2003) characterise communication as
a process involving “the mutual coordination of action, and therefore, it is not a process in which
a teacher simply reacts to a researcher’'s movements, after which the researcher reacts to the
teacher’s reactions, and so on. Dewey'’s point here is that successful coordination requires that
the teacher reacts to what the researcher intends to achieve with his activities, just as the
researcher reacts to what the teacher intends to achieve with his activities. Successful
co-ordination requires that the partners in interaction try to anticipate the other’s actions” (Biesta
& Burbules, 2003, p. 41).

In what follows, we first describe the Finnish educational context. After that we focus on the
process of our educational design research project. We summarise the designed learning
environment, data gathering, analysis and results. We hope that the description of the project
will illuminate the possible ways to collaborate with teachers and engage them in the shared
designing of learning environments.

2. The context of Finnish primary physics teaching and learning

The teaching profession in Finland has always enjoyed great public respect and appreciation.
Parents and policy makers trust Finnish teachers as professionals who know what is best for
children. Finnish teachers are expected to desigh and evaluate teaching. There is no national
testing, school inspection or pre-examination of textbooks. In Finland, in accordance with the
regulations of the National Core Curriculum, local education providers (municipalities) and even
schools and teachers are allowed to plan the local curriculum. They are also free to choose
learning materials and teaching methods. An important reason for this high status is that primary
teachers have been educated since the beginning of the 1970s in Masters level programmes at
universities (Lavonen & Juuti, 2012).

When the Astel project began physics did not exist as a separate subject at the primary level,
and it was limited to a part of a school subject called environmental and natural studies. There
was a need for knowledge of how to implement physics in primary schools. Further, there was a
lack of learning materials in primary school and learning materials. Consequently, we decided to
design a specific learning environment in order to learn about primary school physics teaching
and learning and offer research-based information for national level curriculum development.
Later, a subject called Physics and Chemistry was introduced in the Finnish core curriculum
(FNBE, 2004). Thus, at the beginning of the project we were in a situation of ‘do not know how
to act’. Teachers did not know how to teach physics at the primary level and we as researchers
did not know about primary physics teaching in the Finnish context and what kinds of teaching
and learning materials or learning environments could help Finnish class teachers in their new
situation.

The core curriculum for physics emphasises awareness of the pupil’s previous knowledge and
an experimental approach as a starting point for teaching and learning primary physics. Its
objective is that physics should be taught in a practical manner and pupils should practise the
experimental method by studying suitable natural phenomena in grades 1-6. Pupils should also
be able to plan and carry out simple experiments or investigations into natural phenomena.
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3. The process of the educational design research Astel

The design team was made up of the following experts: one professor specialising in science

education and another one in ICT use in education, three senior lecturers (two specialising in

physics education and one in chemistry education). As a result of external public funding, it was

possible to invite two primary school teachers, one web designer and one graphic designer to

join the design team. The requirement of the sponsors was that the designed learning

environment should be available for teachers without any fee.

At the beginning it was agreed that members of the design team had to put aside their beliefs

about science learning, engagement and learning environments and had to become familiar

with research into those topics in general and especially from the point of view of science

learning (as described in the Section 'literature review'). Secondly, the design team had to

become familiar with primary school teachers’ needs and their circumstances, especially of ICT

use in science education (see the Section 'teachers’ view’). The design procedure was easily

agreed upon: the participating teachers’ role was to be in charge of manuscript writing and

organising classroom tests in collaboration with the researchers. The researchers’

responsibilities focused on arranging interviews, planning prototype testing, and analysing the

data for re-design suggestions. Researchers also participated in designing the learning

environment. Especially, researchers read the manuscripts and commented on these, based on

findings from the classroom tests and research literature. Moreover, everyone in the designing

team participated in the brainstorming processes.

There were several groups and responsibilities in the project:

* managing (three members)

« designing additional information for teachers: teachers’ physics learning materials (three
responsible members)

* teachers’ teaching model materials (two members)

e pupils’ study materials (four responsible members)

< the graphical user interface (two responsible members).

« the research activities were designed and coordinated in parallel with graphic designing and
manuscript writing (four responsible members).

Each design team member had at least one specific area of responsibility. It is important to note

that only two persons were working full-time on the project: the classroom teacher who wrote

the manuscripts and was not teaching during that academic year, as well as the graphic

designer.

Typically, meetings where the whole research group was present were organised once a month
(during the active phase of the project), and included the following features: 1) project
management, 2) research, 3) project update, 4) discussion and evaluation of drafts and the
generation of new ideas, and 5) action plans. The project was not for profit and was funded by
several parties. Therefore, it was crucial to ensure that all the parties agreed on common goals
and procedures (cf. Lavonen & Meisalo, 2002). It was important that all the parties saw the
benefit of every participant involved in the project. In addition, management decisions were
made during the meetings to ensure that the resources of the project (sponsors or competence)
were balanced. The form of the project was novel to everybody as no one really owned the
designed learning environment. All parties were cooperating towards shared goals.

In the project, a web-based learning environment for primary school physics was designed,
implemented and evaluated. Our educational design research was intertwined in the design
process of the learning environment. There were three designing and piloting phases including
data gathering and analysis in order to inform the re-designing. Table 1 summarises the
iterative design research process. We arranged classroom testing of the very first drafts of the
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manuscripts for the learning environment. Therefore we had the opportunity to make major
changes for the learning environment during the project.

In what follows, we describe in more detail the educational design research project Astel and
highlight the role of teachers during the process.
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Table 1: Summary of the iterative design research process

Phase of the Research Data gathering Results Implementation
research project question
Teachers’ What are Primary school Teachers Environment
views: teachers’ needs teachers wrote emphasised should have
for a primary essays on the student activation,  several activities
physics learning subject “How | reliable subject (games, paper-
environment? see myself as a knowledge, high pencil tasks,
physics teacher” usability, high practical work
Three “different” quality illustrations  activities). Layout
teachers were and support for of the web-pages
interviewed planning of should be simple,
teaching and emphasis on clear
learning illustrations, a
web-form for
questions.
Testing 1 What are the Observation Unsatisfactory The first prototype
(one double major problems in  notes, video connection of had separate
lesson’, one using the initial observation, physics models to  practical work and
class, one prototype of the reflective observations content knowledge
topic) learning discussion after while students modules. They
environment? the pilot engaged in were integrated as
practical activities.  “knowledge and
Teacher's role is investigations”.
important in
classroom
management
Testing 2 How do pupils Student Pupils seemed to Learning path -
(eight double engage in questionnaire, enjoy learning; guide for teacher
lessons, one learning and how  interviews (two they in order to help to

class, all topics)

Testing 3
(three double
lessons, Three
classes from
different
schools,
altogether 77
students and
three teachers)

do they feel about
the pleasantness
of learning?

To what extent
did students learn
Newtonian
mechanics?

Is there a gender
difference in
conceptual
learning?

pair of students)

Observations,
Conceptual
understanding
test (modification
of FCl-test?)

acknowledged the
possibility to listen
to the stories.
Physics is seen
as only relating to
school.

Minor conceptual
learning occurred.
There were
differences
between classes.
Classes that
applied
background
stories achieved
better than a class
without applying
stories.

focus on “physics
around us” module
as well.

Role of the
narratives in
science teaching
and learning
needs to be more
acknowledged in
research and
teaching of
primary physics.

1. One lesson is 45 minutes of teaching, double lesson is about 90 minutes.
2. Force Concept Inventory, see Hestenes, Wells, Swackhamer, 1992.
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A literature on issues supporting primary school physics learning

Sandoval (2004; 2013) emphasises three aspects of learning environment design: 1)
Embodiment of learning theories (activity structure and social participation structures), 2)
observable outcomes of teaching and learning in the designed learning environment, and 3)
learning outcomes. According to him, there should be a connection between these three
aspects. During the educational design research, the embodiment needs to be changed if the
expected outcomes have not been achieved. Therefore, the first task in educational design
research is to clarify what is known about learning about the topic (in our case Newtonian
mechanics at the primary level) and clarify how it is believed the learning goals can best be
achieved. Our starting point was the learning environment literature for ICT and science
education (e.g Meisalo & Lavonen, 2000; Voogt & Van den Akker, 2002)

We grounded our design upon ideas that the learning environment should engage pupils in
tackling the topic to be learnt in such a way that they create meaningful and understandable
knowledge structures in accordance with the goals set for learning. This type of meaningful
learning is founded on activity and intention, reflection and self-evaluation, collaboration and
interaction, construction, contextualization, and cumulative learning (Bransford, Brown, &
Cocking, 2000).

Activity and intention means that pupils take responsibility for their own learning; they set their
learning goals together with a teacher and act in accordance with these goals. Research into
collaborative interactions indicates that successful collaborative learning is facilitated by the co-
regulated engagement of the group in the shared problems; pupils should be encouraged to
take part in group activities where they support each other by discussing and sharing
knowledge. Since pupils actively build new knowledge based on their previous knowledge while
learning, tailored information helps them to construct comprehensible structures. The
importance of relating learning to authentic contexts, like real-life situations or simulations, is
emphasised. This in turn presupposes that the learning setting allows for such learning
experiences. Since learning is cumulative, pupils should be supported in their understanding of
how a new concept is related to their already familiar network of concepts. These characteristics
of meaningful learning form a set of criteria for designing artefacts and for planning the teaching
and learning activities where the artefacts can be used.

In the case of the learning environment described in this chapter, the main aim was that the
designed artefact was in accordance with the forthcoming National Core Curriculum. From the
point of view of physics learning, we followed the recommendation of Hestenes (1992) who
suggests applying qualitative models as a means to organise the content to be learned. Models
are used to represent and explain the observed phenomena in school laboratories and
everyday life situations. However, one of the key questions is how to formulate models for pupils
aged 10 to 12 and how the models are to be introduced to the pupils, as well as how the pupils
can be encouraged to discuss, present explanations and test their models. According to
Vosniadou, loannides, Dimitrakopoulou and Papademetriou (2001) the conceptual change
could be facilitated through encouraging pupils to take active control of their learning
themselves and express their ideas, as well as to support the ideas of others, make predictions
and hypotheses, and test them by conducting experiments. This can be understood as one form
of inquiry-based science learning (e.g. Andersson, 2007). It is also valuable that they study in
small groups, discuss, and use models and representational symbols in experimenting, doing
measurements and sometimes also presenting their work to their classmates for debate.

In addition to the characteristics of meaningful learning, engagement aspects should be taken
into account while designing the learning environment. However, there are several theories
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concerning engagement, motivation, and interest, as well as the relationships between them
and their impacts on learning. Ryan and Deci (2009) suggest that engagement should be
thought of as a construct that includes subjective perceptions and behavioural actions.
Moreover, basic psychological needs, the need for competence, the need for autonomy, and the
need for relatedness, are important for the development of engagement in the context of self-
determination theory (SDT) (Ryan & Deci, 2002). Furthermore pupils will better engage in active
learning if they are interested in physics. Having a positive atmosphere in the learning
environment is one important condition for encouraging interest or curiosity (Krapp, 2002;
Lorsbach and Basolo, 1998). Consequently engagement, motivation and interest are important
when planning the learning environment.

Finally, it is well known that science textbooks typically reinforce stereotypical gender roles
(zittleman & Sadker, 2002). Thus, one goal in the design process was to avoid gender bias and
another goal was to ensure a gender sensitivity that gives boys and girls equal opportunities to
participate in learning physics.

Teachers might have several strategies to avoid science at the primary level (Appleton, 2003).
In the designed learning environment there have to be elements (i.e. affordances) that helps
teachers to take into consideration the above aspects of physics learning. In order to
understand the requirements of these elements, we interviewed primary school teachers. The
final Astel learning environment, with sub-sections describing the research process, is described
below.

Teachers’ views

At the beginning of the project, we considered whether it was important for the project team to

have a detailed understanding of the primary teachers’ views and expectations, and the

difficulties teachers perceive in primary physics teaching and learning. By interviewing teachers
we aimed to involve them in the collaborative design process and allow them to share the goals
of primary school science teaching and learning. Thus, we seriously tried to take into
consideration teachers’ views of the goals that should be set for the web-based learning
environment.

We asked 14 teachers participating in an in-service training course to write short essays about

their viewpoints of physics teaching and learning. The subjects of these essays were: “How |

see myself as a primary physics teacher”, “What kinds of knowledge is found in physics?” and

“How do pupils learn physics?” Based on the essays, we chose three different teachers for

semi-structured interviews. The first teacher had only one year teaching experience, the second

was very experienced, having a sophisticated view of science learning, and the third teacher
viewed science teaching from the technology education point of view. Based on the literature as
well as the qualitative data analysis of the essays and interviews (Patton, 2002), we defined the

objectives for designing the learning environment (Juuti, Lavonen, Kallunki, & Meisalo, 2004).

Following Sandoval’s (2004) aspects of learning environment design, the objectives were:

1. The physics contents should be correct and up-to-date, as well as pedagogically significant
and well organised. The content should be concrete, and related to the pupils’ experiences
in their living environments.

2. The learning environment should engage pupils in active learning. The learning
environment should be easy to use. The learning environment should help teachers to
introduce qualitative models of physics.

3. Pupils should learn basic models of Newton’s mechanics at the qualitative (conceptual)
level.

57



In addition, the teachers emphasised that the learning environment should offer users easy
contacts with experts and peers. We were not able to successfully achieve this goal with the
technology available at the beginning of the millennium.

Based on the literature, previous experiences of the design team and teachers’ views, the first
manuscripts of the learning environment were produced and we organised the first testing
sessions.

First testing of the learning environment

Based on the literature, analysed teachers’ views and practical “hidden” knowledge of the
members of the designing group, a prototype of the web-based learning environment for
primary physics teaching and learning for grades 5-6 was designed. After the prototype was
designed, we organized small-scale teaching interventions. From the pragmatic point of view,
we applied educational research as a resource for reflected action to produce a situation of
active, adaptive, and adjustive processes to acquire knowledge to act more intelligibly.

A teacher interacted with his pupils in an authentic classroom situation. We organised two
sessions lasting two hours; altogether 58 pupils in grade 5 (age 11-12) participated in this
limited use. During the testing, observation data were gathered and we discussed (interviewed)
the sessions with the teacher. In the limited use of the prototype, the aim was to clarify any
major obstacles that had been uncovered during the lesson. We were mainly looking for
problems the students had in the implementation of the test-lessons. We videotaped the
sessions and wrote observation notes. Data collection and analysis as well as findings are
described in more detail in Juuti, Lavonen, Kallunki, and Meisalo (2002). Several pupils were
passive or were inattentive during the learning activities, e.g. when the pupils, or the teacher,
read models articles; the pupils had the possibility to play games independently, the pupils
started to conduct practical work in teams, the teacher asked direct questions, or the teacher
clarified content.

Second testing of the learning environment

Based on reflection on the experiences from the limited use of the prototype, a revised version
of the learning environment was designed. The aims of the second test were twofold: to clarify
how pupils engage in learning activities and how pleasant they found learning in the designed
learning environment. A class teacher, who had participated in the design of the learning
environment, taught the class. The pupils were 13 girls and 16 boys in the 6" grade (median
age 12). The pilot test lasted for 16 hours. We observed and videotaped two of the eight two-
hour lessons. After this second test, the pupils filled in a questionnaire, which examined their
interest in learning and views of the learning environment. Further, two pairs of pupils were
interviewed. The questionnaires and pupil interviews are described in detail in Juuti (2005, pp.
73-82). Figure 1 is an example question from the questionnaire. There were similar questions
for every module (upper) and topic (lower).
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THE BACKGROUND STORY WAS

Unimportant O ooo g Important
Difficult O O0Oo0oo0oo Easy
Unpleasant O ooo g Pleasant
Uninteresting O O0Oo0oo0oo Interesting
No help in learning O ooo g Helped to learn

A FORCE CHANGES MOVEMENT

Unimportant Oooood Important
Difficult O 0oo0oao O Easy
Unpleasant Oooood Pleasant
Uninteresting Oooood Interesting

I did not learn O 0O oo O | learned

Figure 1: Example of pupil questionnaire

Pupils evaluated the learning environment in general to be very positive. The median was four
for almost every item in the questionnaire. This means that very many pupils evaluated the
modules or topics to be important, easy, pleasant, interesting and supportive for learning. Girls
seemed to evaluate the background story as being more important to learning (Mann-Whitney's
test calculated using SPSS: U = 42.00, p < 0.05).

After test 2, we had a discussion with the teacher in an attempt to understand the learning
process. This discussion was recorded. This reflective discussion was a form of interview with
discourse between the speakers in which the meaning was contextually constructed (See
Fontana & Frey, 2005). The reflective discussion convinced us to make changes to the
environment. The key issues in these discussions were the teacher’s intention and the pupils’
actions; did pupils act in the way the teacher intended. If pupils did not act in the way the
teacher intended, we (researchers and the teacher) in collaboration tried to figure out what
kinds of improvements could lead to successful actions in the classroom. During the reflective
discussion, we got the impression that the learning environment was too open. It seemed that
when a learning environment is too open, pupils and teachers have difficulties in choosing
appropriate tasks and practical work. Therefore, a teacher may ‘run through’ all the material and
therefore there will not be enough time for discussion before and after the practical work.
Further, teachers, perhaps, do not have enough subject knowledge to facilitate discussion.
Therefore, we decided to design learning paths in order to offer hints for the relevant discussion
topics (see the section “Properties of the learning environment”).
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Third testing of the learning environment

Finally, after the revisions, the third version of the learning environment was tested by three
teachers (field test). Teachers participating in physics and chemistry teaching in-service training
volunteered for the research. Each teacher used the designed learning materials and we
(researchers) observed the classroom activities, collecting field notes and video data, and
moreover, analysed these data using an open coding approach. One aim of the field test was to
evaluate how teachers outside the design team were able to use the learning environment.
Another aim was to evaluate what and how well pupils learn Newtonian mechanics at a
qualitative level. The tests were paper and pencil tests modified from the Force Concept
Inventory test (Hestenes, Wells, & Swackhamer, 1992). The field testing procedure is described
in detail in a monograph concerning the design process (Juuti, 2005, pp. 83-94).

We found that there were no differences between classes in the pre-test. However, there was
statistically a significant gender difference in the pre-test in favour of the boys. During the field
test, gender difference vanished. However, in general pupils’ achievement on the post-test was
not very high; the median was 50% correct (the pre-test median was 33%). Thus, only half of
the pupils gave correct answers, on average, for over half of the questions. According to the
analysis of the test items (Juuti, 2005, p. 91) the pupils had learned how a space rocket moves
in outer space, and that objects fall to the ground at the same time. The pupils did not learn how
objects move on a low-friction surface. Furthermore, the pupils seemed to have learnt a non-
Newtonian model of trajectory for the flying hammer. Summing up, it can be said that pupils did
not learn the force concept as an explanation for change of motion, but they learned how
objects move.

Comparisons of the pupils’ learning outcomes showed that our approach helped them to learn
qualitative models of Newtonian mechanics. Stories appeared to have novel, non-traditional
features, which benefits the learning of physics. The results of our compelling comparisons
indicated that the pupils who listened (medians 50% and 56%) to the narratives learned the
concepts of Newtonian mechanics better than the pupils who did not (median 31%) (Juuti, 2005,
p. 93).

As we were writing this chapter, the environment we describe is being adopted in several
primary schools all over Finland. According to reports received, the Swedish translation has
been adopted in some schools in Sweden as well. Furthermore, at least three Finnish teacher
education units have adopted the environment for the purposes of pre or in-service teacher
education.

4. Designed Astel learning environment

The designed learning environment contains narrative texts (figure 2), audio files, animations,
exercises, colour line drawings, photos, pictures and comic-strip-like illustrations from the pupils’
surroundings to help them understand basic Newtonian models (Figures 3 and 4). Graphics and
worksheets for pupils to undertake practical work help teachers and pupils connect the
phenomena of mechanics in real-life contexts. In the classroom, simple equipment as well as
objects that are needed in practical work activities are available (See figure 5 of the tool box).
The pupils are encouraged to experiment with them and to discuss their experiences. In this
environment, the pupils are helped to become aware of their previous conceptions and are
given qualitative models to explain the movement phenomena they have experienced.
Moreover, the environment aims to support engagement, active and collaborative learning as
described in the section ‘A view from the literature’.
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“I have never used a
scooter before. How do |
turn it on?” Pico asked.
“You goof! You stand on it
and one leg kicks the
ground to build up speed,”
Sara answered, marvelling.
“OK! When a foot touches
the ground, a force
appears, which causes the
scooter to start moving.”
Pico cheered. “Yes, | think
that one could say so,” Sara said, and thought about Pico’s words. Now it was Nano’s turn to
ask: “Sara, did you know that a moving object continues moving until a force stops it?” “That
can't be true!” Sara said uncertainly. “My speed always slows down and | have to kick now and
then.” “It really is true,” Pico replied. “When we were on our way here in our Astel spacecraft, we
took a break and went out to see the Milky Way. | teased Nano and she pushed me and I fell
out of the vehicle, because | had not put on my safety belt. | moved straight forward with a
constant speed. | would probably still be moving like that if that meteoroid hadn’t come along.
The meteoroid moved in the opposite direction to me and we bumped into each other. The force
of the clash changed the direction of my motion and once again | moved straight forward with
constant velocity. Fortunately, | moved towards Astel. | was safe.

Figure 2: Translated extract of the narrative 'Force changes motion.

In the web-based learning environment, the content was organized into four modules. Each

module has its own button in the web-page (figure 3).

e The background story (a text and an audio file). The use of narratives is one innovation of
the learning environment and it supports pupils to recognize their previous knowledge and
engagement in learning. The use of narratives is to introduce qualitative models in the
particular context. In the background story, two schoolchildren and the imaginary space
characters Nano and Pico guide pupils through many concrete investigations to compare
their own experiences with the space characters' experiences. These characters live where
neither air resistance nor friction exists and the basic laws of Newtonian mechanics are met
in an ideal environment allowing straightforward interpretations. Figure 1 illustrates the style
of the narratives.

e  Models and practical work. Experiments, qualitative models, animations, and exercises lead
pupils to collaborate, experience, and become aware of the experiences and explain them.
First, there is a short theoretical summary of the situations and phenomena described in the
story (Figure 4). Below the summary, there are inquiry activities. There are also animations
from the situation under discussion to prompt discussion before or after practical work is
completed. These modules help pupils to connect physical phenomena with the models
describing them. They are consequently traditional in nature, similar to a textbook. The
basic models of Newtonian mechanics that are included in the Background stories are
again emphasised in the phenomena, models and experiments module of each content
item. Our goal is that pupils learn to recognize phenomena (that belong to a certain area or
module of Newtonian mechanics) in their surroundings; and explain those phenomena by
qualitative models. In test 1 of the learning environment there were two separate modules
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(1) phenomena and models; and (2) practical work. After the first test of the learning
environment, these two modules were integrated as seen in figures 3 and 4.
e  Physics around us_demonstrates phenomena that can be explained by models and
principles learned both in societal and in technological contexts.
e Games and additional exercises facilitate pupils’ reviewing the topics learned.
There are two modules for teachers: Learning path and additional information. Learning path
introduces goals, suggested inquiry activities, and the main concepts of the topic. There are tips
for discussion, and tips for scheduling. This module was designed as a solution to the problems
revealed during Test 2. The Additional information module is more detailed and it is used in in-
service teacher education. The additional information module contains subject knowledge and
detailed descriptions of teaching methods suitable for physics teaching.

Index-ondeftincludesthetopics -Force-change-
maotion,motion, Tesistanceforces, massand-
PAINOYDIMA JA TASAPAIND inertia, gravity-and-balance. Additional content-
topics-are-an-inclinedplane lever, gearwheel -
andwheel. The-lasttopicis-summary {est.-
Further, there-is-index, glossary,-and-a-link-forthe-
homepage 9

On-the-bottom,there-are-module buttons:-
Learning paththat-introducesgoals, practical-
work-suggestions andmainconcepts. -
Background story, Models and practical works, -
Physics around s, Additional information, -
Games-andexercises. |

Figure 3: View of the topic "Gravity and balance”
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Figure 4: Example of the Models and practical works module

L —

Figure 5: Toolbox attéched to the web-based environment

To summarize, the learning environment integrates and emphasizes three aspects in the study
of Newtonian mechanics: 1) the pupils’ previous informal experiences and experiences in the
school laboratory, 2) the pupils’ interpretations of phenomena in the background story or in
animations, and 3) learning about idealized circumstances, when the space characters Nano
and Pico compare their previous experiences with the school children’s experiences in the
background story. The aim is to help pupils to become aware of their explanation strategies and
for them to see that motion and force phenomena can be well explained using the basic models
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of Newtonian mechanics. However, test 3 showed that the goal of learning Newton’s basic laws
in qualitative form is very ambitious for children aged 10-12.

5. Discussion

We have described one of our educational design research projects. In this discussion we will
reflect on to what extent the idea of teachers’ and researchers’ shared activities was realised
during the research process. The types of innovations designed in the projects, like the web-
based learning environment, have typically been very intangible for teachers at the beginning of
a project. In the described project, we have started to work with the teachers with a very
preliminary idea or with an “open” problem to be solved and, in addition, supported the
establishment of an open and safe atmosphere to address the problem. These kinds of
environments are essential for creating novel and innovative innovations that can solve several
problems (Isaksen, 2011).

According to the pragmatic frame and our experiences, shared design work with teachers
should start from the beginning of a project. At the beginning of the design phase, working with
the teachers could, for example, involve an introduction to a literature review in the field of the
project and mutual reflection on the participating teachers’ current activities in the classroom.
Immediately after completing the first prototype of the learning environment, it was important to
arrange a trial in a classroom.

We consider teachers to be members of the research group or at least members of the design
team. The teachers’ role is to plan the teaching during the testing. A teacher knows the pupils in
the class best. Therefore, it is important that teachers plan the testing. They are owners of the
intervention. In order to have interesting interventions from the research point of view, teachers
need to participate in the brainstorming sessions in the design phase, in the planning of the
classroom testing, and in the reflection session where the outcomes of the experiment are
presented and discussed. Then there is tension between the following two extremes: 1) educate
teachers to plan the intervention that researcher want or 2) accept that teachers might design
something different than researchers envisaged. This different design is perhaps more authentic
and perhaps represent more the actual situation in schools than intervention that researchers
might design alone. At least Finnish teachers are not very keen to learn directive prescription
how to teach in the classroom. Therefore, designed learning environments should not be
“revolutionary” requiring massive in-service training.

Critiques (e.g., Engestrém, 2011) about the lack of teachers’ agency in EBR projects is
connected with the fact that the researchers set the objectives of the design and the teachers’
role is only to adopt the designed innovation e.g. web-based learning environment. The
pragmatist framework emphasises the teachers' role in the design-research project. According
to our experiences, both the objectives of the EBR-project and the innovation to be designed
have to be discussed and analysed together with the teachers. One of the characteristics of the
shared goal setting is to listen to each other in the project meetings and, moreover, to have
common brainstorming sessions. All presented views and ideas should be appreciated and they
must be taken into consideration. The examining of the views and practices which are related to
the activities to be designed through the use of questionnaires, interviews or observations and,
moreover, discussing the outcomes of these inquiries support the teachers in their participation
in the project. Teachers have a lot of hidden knowledge about practice and engaging them in
planning the research instruments and interpreting the results may uncover important aspects of
the teaching and learning process. We believe that this is also one way to reach the situation
where educational design research is an action shared by teachers and researchers. When
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teachers are considered as members of the research team, they can share their ideas and
emotions (cf. Dewey, 1916/1980, p. 17).

The teachers’ role in a EBR-project could be analysed also from the point of view of the
teaching profession: are the teachers considered to be just implementers of an innovation or
designers of an innovation (and members of the research group)? It is agreed that teachers
need a firm understanding of the subject matter they teach, a basic understanding of how
people learn and develop and, moreover, they should be able to teach specific subject matter to
diverse pupils, manage the classroom, assess pupils’ performance, and use technology in the
classroom. Furthermore, they should be able to apply research-based knowledge in developing
a curriculum that attends to their pupils' needs (Darling-Hammond & Bransford, 2005). In some
quarters it is strongly felt that teachers should be able to consume educational research and at
some level produce research knowledge (Korthagen, Loughran, & Russel, 2006). Recently,
Auguste, Kihn, and Miller (2010) explained that the success of Finnish and South Korean
teacher education is because of the respect given to teachers-in both countries, teaching is a
career which needs academic education. Consequently, research into teacher education
supports the belief that teachers have the readiness for integration into the research community.
When doing educational design research in authentic contexts, classroom testing is part of
students’ learning according to the curriculum. Therefore, we emphasise that the teachers have
to have freedom in the planning of classroom trials within the framework of research objectives
or research questions. Therefore, during classroom testing the ordinary aims of teaching and
the aim of research to answer particular research questions are intertwined.

The shared action of teachers and researchers is a way for the researchers to come close to the
situations where - in the Deweyan sense - knowledge for teaching and learning is created.
Consequently, the researcher's attitude towards the teachers has to be collegial, as the
teachers and researchers are co-designers of the innovation that aims to develop teaching. In
practice, this is a very demanding requirement in educational design research. The selection of
teachers in the project is therefore of crucial importance. However, our design process has
different phases associated with the type of innovation that is being developed in order to better
understand and improve teaching and learning in authentic settings.

It is extremely challenging to organise a study for an educational design research in the
Pragmatist framework. On the other hand, a successful project can offer new knowledge about
teaching and learning as well as an innovation. In an optimal situation, the designed innovation
will support teachers to plan and implement their teaching in a way that pupils learn better with
than without the innovation.
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4. South Africa: Optimising a feedback
system for monitoring learner performance
In primary schools

Elizabeth Archer & Sarah Howie

...while volumes of data are extruded about and from schools, teaching continues without the
benefits of such data. There is still a philosophy that assumes teachers know how and what
data to collect to best enhance learning, and many of these assumptions are based on folk
philosophies, poor measurement, and shaky data. We still teach in a manner we did 150 years
ago ... (Hattie, 2005, p. 11).

Abstract

This chapter describes how and education design research approach was employed to enhance
a feedback system of an existing learner performance monitoring system in a number of primary
schools in South Africa. The design research approach employed provided an appropriate and
powerful approach to adapting, developing and optimising the feedback system and produced
specific design guidelines to support other designers in developing effective learner
performance feedback systems in similar contexts. The design research approach provided the
opportunity to design, implement and evaluate various prototypes, which slowly started to
approximate the ideal for the specific context, whilst the system functioned and served schools.
The quality criteria employed in design research allowed for enhancing of specific aspects of the
feedback system in a systemic manner during the various phases of the design process. The
chapter deals with a number of aspects including the contextualisation, conceptualisation, each
phase and cycle during the research phase, outcomes and then a reflection with the aim of
illustrating the chain of reasoning for this particular design research process.

1. Introduction to the problem

This chapter highlights how an educational design research approach was employed to
enhance a feedback system of an existing learner performance monitoring system thereby
attempting to address problems with education quality in a number of primary schools in South
Africa (SA). By using the design research approach the inquiry resulted in the optimisation of an
appropriate, practical and effective feedback system for SA, as well as specific design
guidelines to support other designers in developing effective learner performance feedback
systems in similar contexts. This chapter outlines first the problem in its context and the need
for the design research approach. Thereafter the research design is described and a discussion
ensues about how the research was conceptualised, including the literature review. The
development of each phase of the research, including the assessment phase, is provided in
summary. Then the results are discussed in terms of the outcomes of the project followed by
the reflections on this case and possible lessons for other studies.

South African education context

SA is considered an emerging economy and is an economic leader in Africa with a GNP per
capita of U$ 3690, yet a third of nearly 50 million South Africans live on less than U$2 per day
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(UNESCO, 2007, p.229). SA has grave infrastructural and economic disparities and the legacy
of the apartheid remains apparent in the education system.

Despite significant funding and increased education enrolment, the quality of education remains
a concern (Taylor, Muller, & Vinjevold, 2003) in a system of 12.3 million learners in more than
26 000 schools. Nowhere is the shortcoming of education quality more apparent than in the low
learner performance, especially in subjects such as Reading, Mathematics and Science. This
has been clearly illustrated in SA’s poor performance on international assessment measures
such as Trends in International Mathematics and Science Study (TIMSS) (Howie, 1997, 2001;
Martin, Mullis, Gonzalez, & Chrostowski, 2004) and the Progress in International Reading
Literacy study (PIRLS) (Howie, et al., 2008, 2012). This has been further highlighted in national
studies such the Systemic Evaluations since 2000 and most recently in the 2011 Annual
National Assessment for Grades 1-6 (Department of Basic Education [DBE], 2011). These
results have been mostly attributed to poor teacher quality and training; lack of leadership and
lack of competence at all levels in the system.

Learner performance monitoring data for evidence-based practise are required in order to
understand and to address the problem of continued and sustained underperformance (Brinko,
1993; Hattie, 2005; Coe, 2002). The data can, however, only have positive impact if fed back to
schools and supporting education authorities who are prepared and are competent to intervene
appropriately. Not all approaches to providing feedback lead to improvement of educational
delivery (Kluger & DeNisi, 1996). There may be problems in communicating the data
appropriately given the experience of principals and teachers. Schools often do not know how to
use data appropriately and may not understand it or be unwilling to incorporate it into their
decision-making process (Hattie, 2005; Schildkamp & Teddlie, 2008; Wohlstetter, Datnow, &
Park, 2008). There may also not be the appropriate levels of support to design suitable
interventions. Furthermore, contextual factors such as the school culture and level of data
literacy of staff play a large role in determining if a feedback system will succeed (Fullan & Dalin
in Visscher, 2002, p. 52).

South African Monitoring system for Primary schools project

Given the South African context and the challenges of improving education quality in South
African primary schools, a project called the South African Monitoring system for Primary
schools (SAMP) project was initiated by the Centre for Evaluation and Assessment (CEA) at the
University of Pretoria nearly a decade ago to research ways of supporting schools using
evidence based monitoring of learning performance. SAMP was adapted, translated and
contextualised from the Performance Indicators in Primary Schools (PIPS) from the Centre for
Evaluation and Monitoring (CEM) at the University of Durham in the United Kingdom. For a full
description of the adaptation, translation and contextualisation process please consult Archer,
Scherman, Coe, and Howie (2010) and Archer (2010).

SAMP produces learner performance data on phonics, reading, mathematics, handwriting and
English additional language for entry level learners (5-7 years of age) data are collected at the
beginning and the end of the year. The data from SAMP are employed to inform individual
learner intervention (development of individual development plans), classroom practice
(introducing class wide activities such as a reading hour), and school level planning and action
(motivating for appointment of support personnel such as occupational therapists). SAMP
produces reliable and valid data for SA across the three languages in which it is currently
employed, namely English, Afrikaans and Sepedi. Once the monitoring system was established
to be valid and reliable in the South African context, it was essential to concentrate on how to
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design and optimise a feedback system to schools so that they could benefit most appropriately
from using the system in general and the learners’ performance data in particular. The research
described in this chapter pertains to research conducted in 22 primary schools in the Tshwane
region of South Africa who had previously participated in the SAMP project. For a full account
see Archer (2010).

2. Conceptualisation of the research

The aim of this study was to identify and understand the characteristics of an effective feedback
system and the use thereof in order to design and optimise a system that facilitated the use of
learner performance data in SA within the school environment. The question clearly called for a
design research approach (Plomp & Nieveen, 2009). Design research is application orientated,;
includes the research participants as collaborators; allows for refinement of the intervention
through several iterations (De Villiers, 2005), focusses on finding real-world solutions in a
complex environment and contributes to knowledge building through development of design
principles (Nieveen, 1997; Richey, Klein, & Nelson, 1996; Thijs, 1999; Van den Akker, 1999).
Design research was congruent with the aims of this study and provided avenues to optimise
the feedback system while it was in use.

The research was guided by the following question:

What are the characteristics of an effective feedback system and the use thereof for the design
of an optimum feedback system to facilitate the appropriate use of learner performance
monitoring in primary schools in SA?

This question has been decomposed in the following sub-questions:

1. How can an existing learner performance monitoring system be adapted, contextualised
and translated appropriately to the SA context?

2. What characteristics of an optimal feedback system for use in school-based monitoring are
documented in literature?

3.  What pre-existing conditions need to be established in the feedback system to facilitate the
optimal use of the learner performance feedback system?

4. How do schools use feedback?

5. How effective is the feedback system in enhancing classroom practices, management and
planning activities?

6. Which design guidelines can be identified for the development of an effective feedback
intervention for school-based monitoring?

In this study, each cycle of design research consisted of the design and implementation of a
version or prototype of the feedback system. Each prototype was formatively evaluated, leading
to a further cycle of development and resulting in a new prototype. The following design criteria
were employed in the evaluations (see Table 1).
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Table 1: Criteria for high quality interventions (Nieveen, 2009, p. 94)

Criterion
Relevance (also referred to There is a need for the intervention and its design is based on
as content validity) state-of-the-art (scientific) knowledge.

Consistency (also referred to | The intervention is ‘logically’ well-designed.

as construct validity)

Practicality Expected

The intervention is expected to be usable in the settings for
which it has been designed and developed.

Actual

The intervention is usable in the settings for which it has been
designed and developed.

Effectiveness Expected

Using the intervention is expected to result in desired
outcomes.

Actual

Using the intervention results in desired outcomes.

The design research process for this research comprised three phases with multiple design
cycles:

Preliminary phase (one cycle): This phase was designed to address research sub-
questions 1 and 2.

Sub-question 1 examined how SAMP was adapted to the SA context, as part of the
preparation for the Preliminary Phase. Sub-question 2 was addressed by a needs and
context analysis. This included a literature review and an exemplary case study of the
Assessment Tools for Teaching and Learning (known as asTTle) project in New Zealand
(NZ). The quality criteria for this phase were relevance and consistency. The emphasis of
this phase was to conceptualise the feedback system and define the design specifications
for the feedback system.

Prototyping phase (three cycles): Research sub-questions 3-4 were addressed in this
phase, which consisted of the iterative research cycles during which Prototypes I-Ill of the
feedback system were developed, implemented and formatively evaluated. The emphasis
of the cycles shifted throughout the Prototyping Phase, focussing first on how to establish
conditions for use in Cycles 1 (through expert evaluation reports and the Delphi technique
with school users) and 2 (generated through teacher and principal questionnaires) then on
how to transform these conditions for use in action in Cycle 3. Cycles 1-2 concentrated on
research sub-question 3, with the evaluations concentrating on relevance, consistency and
practicality. Cycle 3 examined research sub-question 4 by means of questionnaires for
teachers, principals and Heads of Departments (HoDs). These were supplemented with the
examination of three schools’ data-use processes through observations of school meetings,
reflective journals for teachers and interviews with teachers, HoDs and principals. Cycle 3
addressed the quality criteria of actual practicality and expected and actual efficacy.
Assessment phase (one cycle): This phase represented the semi-summative evaluation
that examined the functioning of Prototype IV as an integrated system. The phase therefore
supplemented already existing data for research sub-questions 2-4, but specifically
focussed on sub-question 5. The quality criteria addressed in this phase were practicality
and efficacy, both expected and actual. The semi-summative evaluation was conducted
through questionnaires for school management and teachers, as well as reports from
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expert evaluators. This was the final phase of the design research process described here
and completed in 2010 (see Archer, 2010), although there is further development beyond
this project as part of the work of the CEA.

This study incorporated various combinations of qualitative and quantitative methodologies
during each evaluation cycle of the prototypes (see Figure 1). The data from each evaluation
served to develop design guidelines to inform the development of the next prototype, which was
also evaluated. In the next section, the conceptual framework is discussed as it framed this
investigation.

3. Development of conceptual framework

It is important to keep in mind the overall research problem when discussing the
conceptualisation (as discussed in the first section). In the South African education system there
is a general problem with quality in primary schools. Although a feedback system, SAMP, had
been implemented in the primary school in this study, no empirical data were available about
the use of the data. Anecdotal evidence indicated that there were some difficulties with the
system, but research was required to optimise the system of feedback to impact positively on
the participating primary schools.

The conceptualisation of the study took place during the Preliminary Phase of this study. The
quality criteria focused on for this phase were relevance and consistency. Schools participating
in the existing feedback system prior to 2006 expressed a need to receive feedback more
quickly and that the data be presented in such a manner that it is easier to use for planning,
decision-making and action in the school environment. It was necessary to develop design
guidelines and criteria for the global design of the feedback system to facilitate use of the data.
In order to accomplish this, a number of approaches were employed, including literature review
and investigation of selected international School Performance Feedback Systems (SPFSs).
This was supplemented with an exploration of an exemplary case in the form of the asTTle in
NZ. The preliminary phase also resulted in the development of the conceptual framework for
this study.
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Analysis of the context of the problem

The problem and context analyses for this study involved an investigation of the pre-existing
feedback system employed for SAMP prior to 2006. The pre-existing system incorporated a
baseline and follow-up assessment period, each of which had a paper-based report and
feedback session with the schools participating in the project. The school-users (principals,
teachers and HoDs) of the pre-existing SAMP system indicated that the feedback was
particularly useful in terms of:

e individual learner results to compare to their own standard of marking;

e early identification of exceptional learners and learners at risk for additional support;

¢ having contact with the feedback system facilitators as a resource in the university context;
e supporting their understanding of the data.

A number of shortcomings were also identified, including:

e comparative data between schools was not provided on all scales;

e reporting categories were too wide to observe small changes;

e data was not detailed enough to support interventions, e.g. poor early reading scores did
not indicate which aspects of early reading were of concern;

e some data presented, while interesting, had no application value;

e no recommendations were made;

e turnaround time from assessment to reporting was too long;

e individual results were not aggregated in such a way that classroom wide interventions
could take place;

e communication between the schools and the previous feedback system facilitator was not
optimal.

A review of the literature

Based on this initial analysis of the pre-existing feedback system, a literature review was
conducted to identify and possibly determine tentative design guidelines for the optimisation of
the pre-existing feedback system. The literature review encompassed several knowledge
domains including: School Performance Feedback Systems (SPFSs), evaluation utilisation,
feedback, data-use school effectiveness and school improvement (Black & Wiliam, 1998; Hattie,
2005; Schildkamp, 2007; Schildkamp & Kuiper, 2010; Schildkamp & Teddlie, 2008; Visscher,
2002). As no feedback system existed in SA at the time of the optimisation, international SPFSs
that had been documented over an extended period of time were reviewed. The four cases
included the Centre for Evaluation and Monitoring (CEM) Suite (UK), the assessment Tools for
Teaching and learning (asTTle) system (NZ), Zebo (Zelf Evaluatie in het Basis Onderwijs)
(Netherlands) and School Analysis Model (SAM) (Louisiana, USA).

Although these cases have varying approaches to SPFSs, there are some common principles

that emerged:

1. The data must not be viewed as part of unfair high-stakes accountability practices (Hattie,
2005; Tymms & Albone, 2002).

2. School and educator expertise should be utilised in the development and improvement of
the feedback system to ensure contextual appropriateness and a sense of ownership
(Hendriks, Doolard, & Bosker, 2001; Tymms & Coe, 2003).

3. The feedback system must provide tools to support school improvement-driven practices
and support greater school autonomy (Angelle, 2004; Hendriks, et al., 2001; Teddlie,
Kochan, & Taylor, 2002).
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4. Data must allow for comparison of a school’s performance to other groups (Angelle, 2004;
Crooks, 2002; Hattie, 2005; Hendriks, et al., 2001; Tymms & Coe, 2003).

5. A short turn-around time from assessment to reporting is essential to ensure the data is still
relevant.

6. Use of ICT is important to improve turnaround time and increase the school’s sense of
autonomy (Angelle, 2004; Hattie, 2005; Hendriks, et al., 2001; Teddlie, et al., 2002).

The literature on SPFSs and examination of the pre-existing system provided a rich source from
which to develop initial design guidelines for the components of the feedback intervention.
However, investigating contextualised processes and logistical issues through literature alone
was insufficient. A case study of an exemplary feedback system, asTTle, in its context was
conducted to gain deeper insight and knowledge.

An exemplary case study of the asTTle project in New Zealand

The asTTle system has been described extensively elsewhere (Brown, Irving, & Keegan, 2008;

Crooks, 2002; Hattie & Brown, 2008; Hattie, Brown, & Keegan, 2003) so only a brief overview is

given here. AsTTle provides the autonomous, decentralised schools of NZ an educational

technology resource that provides data for school, classroom and learner improvement by
assessing student performance in reading, writing, and mathematics in either English or Maori.

The test-users can select from a suite of graphical reports (including an online catalogue of

curriculum-aligned teaching resources) that allow interpretation of the performance of

individuals and cohorts relative to norms, standards, and objectives (Hattie, Brown, Ward,

Irving, & Keegan, 2006).

Data for the NZ case study were collected through document analyses as well as interviews

with school users, NZ Ministry of Education officials, asTTle development team members,

professional developers and researchers using asTTle. Data were thematically analysed to

identify the design specifications. The analysis of the exemplary case study proved to be a

successful tool to identify design guidelines for the optimising of the SAMP feedback system in

South Africa. The following guidelines were identified:

e The system must include: a trusted assessment system, clear reporting (e.g. reports,
feedback sessions), support to understand the data, support to use the data and school
relationship management.

e All aspects have to be supported by a congruent paradigm of assessment for learning
(assessment to support learning, not mainly for reporting) as opposed to assessment of
learning (Gardner, 2006).

The global design guidelines from the literature and the exemplary case study are summarised
in Table 2.
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Table 2: Combined design guidelines from the preliminary phase

Component Case study Literature review
Use of school and educator expertise in Use of school and educator expertise in
Instruments development, to ensure contextualisation development, to ensure contextualisation
and engender trust. and engender trust.
e Use multiple forms of data
presentation to accommodate the
needs and preferences of users. . .
. e Provide comparative data for
e Data presented in clear and easy ) .. .
L evidence-based decision-making.
manner, not require high level of data- .
. . e  Short turn-around time between
Reporting literacy. .
. assessment and reporting.
e  Short turnaround time from
. e Use of ICT to decrease turn-around
assessment to reporting. . .
. ) i time and increase autonomy.
e Detailed diagnostic data.
e Comparative elements.
o Allow for further independent analysis.
e  Multiple forms to support
understanding to suit user needs and
reference may include live support,
Support to P . y PP
professional development and also
understand the . i
ICT resources and printed media.
feedback

e  Some support must be available 24
hours, e.g. ICT resources or printed
media.

e  Multiple forms to support use of the
feedback to suit user needs and

preference.
e  Some support must be available 24 e Resources to support school
Support to use .
the feedback hours. |mpr0vement_based on the feedback
e Congruence between the must be provided.
infrastructure, feedback and support
delivery modes to ensure sustainability
and accessibility.
e Essential and continuous process.
e  Open face-to-face communication with
users engenders trust. e The quality of interaction between
School e Some support should be available facilitator and users impact on sense
relationship around the clock, even if only in of trust, ownership and credibility.
management printed form. ¢ Communication must be honest,
e  Must be responsive to user input. open, clear and respectful.
e Feedback facilitator reputation and
persona affect the trust in the system.
e  System should operationalise
assessment for learning to facilitate
Supporting action in schools. e Not be viewed as part of high-stakes

paradigm shifts

e Encourage triangulation of data.
e The feedback system must not be so
technical or data-literacy demanding.

accountability.
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Conceptual framework

The literature review and case study culminated in a conceptual framework for the feedback
system for monitoring learner performance. The global design guidelines discussed in the
previous section relate to the feedback system component of the conceptual framework. The
conceptual framework (see Figure 2) employs a systems theory approach (Greene in Johnson,
1998, p. 97; Johnson, 1998; Patton, 1997). For a fuller description, see Archer (2010).

Feedback and use are entrenched in the external environment and context (Shulha & Cousins,
1997). This includes the historic, economic and political influences such as the legacy of a
highly segregated educational system and variable school infrastructure (Howie, 2002). The
educational context relates to the educational system itself and in SA may include availability of
support services, high administrative demands and a shortage of educators (Department of
Education, 2006).

Competing information in SA includes data from international studies e.g.TIMSS and PIRLS,
systemic evaluations, data from the Internal Quality Management System (IQMS) (Education
Labour Relations Council, 2003), other research and monitoring activities, everyday knowledge
and media reports. Either competing data sources may be integrated or selectively ignored
(Hattie, 2005).

The internal feedback context incorporates the constantly interacting characteristics of the
monitoring and feedback system, monitoring facilitator and users. The monitoring and feedback
system characteristics include whether the methodology is appropriate for the users and
context. This choice impacts how users are viewed as informants, participants or co-
researchers (Cousins & Leithwood, 1986). The choice directly influences the sense of
ownership of the process. If the users are uncomfortable with the methodology, it may increase
resistance to use of the feedback system. Users also examine the quality of the monitoring and
feedback and though they may not focus on traditional qualitative norms, they often foreground
issues of relevance (Schildkamp & Kuiper, 2010).

Monitoring and feedback facilitator characteristics: the monitoring facilitator may take on various
roles e.g. expert, facilitator, planner, or educator (Alkin & Daillak, 1979; Rossi, Lipsey, &
Freeman, 2004). The facilitator’s skills, social competence, contextual knowledge and technical
knowledge interact with personal attributes including language spoken, culture and background
to influence the facilitator's perceived competence. These characteristics often have a greater
influence on use of feedback than technical competence (Taut & Alkin, 2003).

User characteristics include characteristics of the school and individual people in the school.
School characteristics influencing use include problem solving approach and attitude towards
change. The individual's approach to change, preferences of interaction style, personal
motivations and how data is valued also impacts the use of feedback. As do previous
experiences with monitoring and feed both personal and through vicarious learning. A common
characteristic is that monitoring aimed at accountability is more likely to evoke resistance than
feedback aimed at improvement (Plomp, 2009).

Relationship flux characteristics are a result of the user-facilitator interaction. The perception of

the credibility of the researcher is constantly being evaluated and adjusted, as is the user's
sense of ownership. Trust concerns are a major determinant in data use (Taut & Alkin, 2003).
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The feedback system referred to in the figure encapsulates the idea of dialogue. Nevo's (2001)
concept of dialogue highlights the interactive, two-way flow of information on a continuing basis
in this case between the school users and the feedback facilitator. Substantive feedback issues
include the quality of the communication products, the timeliness of reporting, quality of
communication as well as the accessibility of the data.

Process use (Cousins & Leithwood, 1986) refers to the use of monitoring and feedback during
the process of monitoring prior to final feedback of results. Findings use relates to use of
results, recommendations and findings. Both types of use commence with enlightenmentl
(Owen (in Johnson, 1998, p. 103)). Enlightenment takes place through decision accretion where
the user’s existing knowledge is supplemented by new knowledge (Weiss (in Patton, 1997)).
This information is subjectively coloured by the political demands such as the accountability
pressures from the Department of Education. Knowledge gained may be distorted into misuses
such a symbolic use, purposeful undermining of the process, legitimative use (Owen in Alkin &
Taut, 2003, p. 5) or purposeful non-use of the data.

1 . .
Enlightenment is also referred to as conceptual use.
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Data that successfully negotiates the political lens (distortions due to pressures from the school
and Department of Education) is further filtered through reasonability and feasibility testing.
These concepts are linked to truth- and utilities testing introduced by Weiss and Bucuvalas (in
Patton, 1991, p. 291). Reasonability testing is conducted when users quickly examine results
and information to establish whether these results can reasonably be accommodated within the
user’s current understanding of the context and phenomena. The term feasibility testing relates
to determining if the information gained could practically be used to bring about change. If the
feedback fails either one of these tests, misuse may occur. It is only if the reasonability and
feasibility testing are passed that instrumental use can take placez. After the study was
concluded, the empirical data and reflection revealed that the feedback system could impact on
the process of use directly at the filtering process by providing links to resources, which could
positively influence whether or not the schools felt it was feasible to act on the data (this
represents an additional impact of the same feedback system during a later stage of the use
process).

The systems view of use acknowledges that all systems inherently strive towards a state of
homoeostasis (a state of stability and balance) and tend to resist change. For Fullan, (2006) the
key to overcoming this resistance to change is motivating the people in the system, thus
working on numerous parts of the system at once. The principle of equifinality also applies
where changes in the system are not necessarily predictable due to the complexity of the
various interacting factors and conditions and the complex feedback loops in the system
(Voster, 2003).

Once the identification of the global design guidelines and development of the conceptual
framework were completed, the study moved into the Prototyping Phase.

4. Prototyping phase

Three cycles of design, implementation and formative evaluation resulted in three Prototypes I-
Il of the feedback system during this phase. The entire design research process with the
various cycles and prototypes are illustrated in Figure 3. Cycles 1 and 2 focussed on how to
establish conditions for use (sub-question 3), while Cycle 3 focussed on how to transform these
conditions for use into action (sub-question 4).

2 The term instrumental use was first introduced in 1977 by Rich (in Johnson, 1998, p. 93) and refers to
direct action based on data gained from monitoring feedback.
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Cycle 1 (Prototype | - Baseline 2008)

Feedback on Prototype | was based upon the learning from the Preliminary Phase to establish
the conditions for use of the feedback. The design and quality criteria for this cycle (relevance
and consistency) centered on the reports and feedback session elements of the feedback
system.

The formative evaluation for this cycle employed the judgements of monitoring experts (n=3)
and school users (n=15). The monitoring experts were asked to evaluate the reports and
feedback sessions and to provide a brief evaluation report. Teachers, HoDs and principals were
asked to comment on reports, feedback sessions and support materials. Data was collected
through the Delphi technique.

The Delphi technique is s a group problem-solving and decision-making approach that does not
require face-to-face interaction (Michigan State University Extension, 1994). A specific problem
is posed and participants contribute their ideas, in this case by fax and email. This is followed by
a series of carefully designed questionnaires that incorporate summaries and comments from
the previous rounds to generate and clarify ideas. The process concludes with a voting round in
which the participants can indicate the priorities for the specific project (Dunham, 1995; lllinois
institute of technology, ND; Michigan State University Extension, 1994; Williams & Webb, 1994).
In this cycle participants were asked how the use of the feedback system could be improved
with specific references to the feedback sessions, reports and support for understanding the
reports.

The cycle resulted in the separation of the baseline report (traditionally given to schools at the
beginning of the school year after testing) into a report and separate manual. The report
concentrated on the data for the specific school in contrast to the manual which focussed on the
interpretation of the data and explanation of the assessment relevant for all schools. Further
expansion of the manual took place, with particular reference to analysis and interpretation at
subtest level, curriculum links, reliability and validity of the data from the feedback system, as
well as interpretation and use of data. The feedback session with the schools was also
shortened from two hours to one and some report automation (replacement of manual graph
production and data transfer) took place to facilitate improved reporting turnaround time.

Cycle 2 (Prototype Il - Follow-up 2008)

The formative evaluation of Prototype Il was more directly focussed on the feedback session
and employed school-users as evaluators. The guiding research and evaluation question for
this cycle was therefore still question 3 (establishing pre-existing conditions for use of data), but
with a focus on the feedback sessions (evaluative criteria: relevance, consistency and
practicality). The second cycle’s data were generated through teacher and principal
guestionnaires (n=18 questionnaires).

The guidelines that were emerged from the formative evaluation for Cycle 2 all related to the
feedback session. Improved turnaround time was called for in order to increase the relevance,
usefulness and efficacy of the feedback. It was suggested that feedback be linked to resources
(materials to support intervention, such as pamphlets and websites) and suggestions for action,
while opportunities for two-way conversation between feedback administrators and school users
was advocated. This could be facilitated by creating an atmosphere that is non-judgemental,
constructive and invites participation. It was suggested that feedback should be clear, concise
and simple (for example using bar graphs with which most teachers were familiar) so that
conversation could focus on interpretation and application, not only understanding of the data.
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Cycle 3 (Prototype Il - Baseline 2009)

For the third cycle, questionnaires (n=28) were again employed for teachers, principals and
HoDs. This was supplemented with the examination of three schools’ data-use processes
through observations of school meetings (n=3), reflective journals for teachers and interviews
(n=10) with teachers, HoDs and principals. The formative evaluation examined the functioning
of the new report format and how well the feedback system facilitated the transformation of the
feedback into action in schools. The aim was thus to determine how schools were interacting
with the feedback and what the barriers or facilitating/enabling factors were to employing
feedback in each school’s specific context. The quality criteria were therefore actual practicality
and expected efficacy with specific reference to the reports and manner in which feedback is
used in schools.

The design guidelines for the report for this cycle advocated further improvement of turn-around
time through automation, links to resources that facilitate use of data and inclusion of additional
variables such as pre-school attendance to allow for additional analysis of the data. The
observations illustrated that the whole system must embody assessment for data-based
planning and learning. Data presentation should be such that understanding the data is easy
and resources can rather be allocated to implementation. For instance, data presentation
incorporated mean scores as opposed to regression lines and graphic presentations were also
not complicated with measures of variation, which could prove confusing for school users.
Curriculum links were intended to support data-based action as well as target setting for
improvement actions and the triangulation of various data sources such as classroom
assessments and SAMP data.

5. Assessment phase

The final cycle incorporated the learning from all the previous cycles in order to evaluate the
functioning of the feedback system as a whole. It therefore consisted of a semi-summative
evaluation (Plomp, 2009) of Prototype IV. The evaluation was conducted by means of reports
from expert evaluators (n=2), a questionnaire for teachers (n=14) and a questionnaire for school
management (n=13). This cycle focussed on research questions 5 and re-addressed questions
2-4. The evaluation information served to provide design guidelines relating to the development
of a functioning feedback system that facilitates use of the feedback, in other words, for the
entire intervention. The quality criteria were on practicality and effectiveness, both expected and
actual.

Prototype IV, which was implemented and evaluated in this cycle consisted of the Follow-up
2009 (report provided during the second half of the reception year which documented changes
in results from the start of year or baseline assessment). All components of the SAMP feedback
system were assessed for practicality and effectiveness, including the assessments themselves,
the reports, instrument manual, electronic resource, support website and feedback sessions. All
components were rated highly by users and expert evaluators on all aspects (appearance,
clarity, need for the content, importance of the content, accessibility, ease of use and
effectiveness). The cycle thus established that all the quality criteria, namely relevance (content
validity), consistency (construct validity), practicality of the system, e.g. ease of use of the
different components of the system such as the reports and resources and perceived
effectiveness (catalytic validity in this case related to the perception of users that the feedback
positively translated into improvements in their schools, class and individual support) as
perceived by the users were met.
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6. Yield of the project

Design guidelines were developed throughout all three phases of the design research process,
based on the various evaluations. The design guidelines, which encompass the characteristics
of an effective feedback system and the use thereof, can be clustered according to guidelines
for: instruments, reporting, support to understand data, support to use data, school relationship
management and support for paradigm shift. The guidelines can also be classified as either
product-related (related to the intervention itself) or process-related (related to the design
process). The detailed design guidelines can be found in Archer (2010) and are only
summarised here.

Instruments

The data generated and to be provided through the feedback system must be shown to be
reliable and to allow for valid inferences in order for a feedback system to be effective (product-
related). User involvement in adaptation, translation, contextualisation, development or
evaluation of instruments is strongly advised to encourage trust, credibility and sense of
ownership (process-related). Data must be differential (discriminate well between high and low
performing learners for each of the measured subtests) to have diagnostic value and be
curriculum-aligned to facilitate using data for decision-making and planning (product-related).

Reporting

User preferences should be accommodated through different modes of feedback (for example
face-to-face, written and electronic) and incorporate various data representations (for example
tables, graphs and text) (product-related). Data must have comparative elements (for instance
measuring a school’s result against those of other schools) and should be confidential (product-
related). Reporting should include both positive and negative feedback and include
interpretations and recommendations to support evidence-based improvement practice
(product-related). Employing these guidelines decreases the demands on the statistical-literacy
of the users, provides opportunities for users to improve their data-literacy and increases the
school’s receptiveness and responsiveness to the feedback.

Support to understand the data

Incorporating various formats of data representation facilitates understanding of data, but
should be accompanied by explanations, examples and support material (product-related).
Support must be provided in a variety of manners such as written manuals, electronic support,
web support and live interaction through feedback sessions and telephonic support, some of
which should be available around the clock (product-related). This type of support provides
users with the opportunity to select the most appropriate support form for them and
accommodates users with different levels of data-literacy skills.

Support to use the data

Once users understand the data, the next step is to use the data for improvement action in the
schools. This can be supported by including interpretations, recommendations and links to tools
for action in the feedback (product-related). This type of support should again be represented in
a variety of modes with some support being available constantly, e.g. printed materials,
electronic resources and web-based support.
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School relationship management

Every interaction with the schools provides an opportunity to alter perception about assessment
and feedback systems and increase the receptiveness of the school users to the feedback
(process-related). The quality of interactions is more important than the frequency of
interactions (process-related). Communications, whether written or verbal should be clear,
concise, respectful and encourage two-way communication that values user input (process-
related). Fieldworker training is an essential component of school relationship management
(process-related). The fieldworkers during the research project were located in the research
team, once school begin to use the system independently, school users will have to be trained
in a similar fashion to conduct assessments in future. A record keeping system of
communications is essential to prevent duplication of communication by other team members
(process-related). Professional execution of logistical matters provides an opportunity to show
respect for users and improve the relationship flux characteristics between the feedback
facilitator and users (process-related).

Support for paradigm shift

A learner performance feedback system can be a powerful tool to facilitate paradigm shifts. In
this case, the feedback system aimed to entrench certain concepts within the users: use of data
for evidence-based practice; the need for differential teaching; assessment for learning as
opposed to assessment of learning and greater understanding of the curriculum. Whatever the
underlying paradigm of a feedback system, all the elements of the feedback system should
embody this and be congruent with the other elements. For example, modeling the approach to
interpretation, planning and action based on the data, can be a powerful tool to embody the
paradigm and support process use of these skills in the schools (process-related).

The study showed that an effective feedback system facilitates appropriate use through a
gradual process of enlightenment; is flexible and responsive to user inputs; values collaboration
and includes instrument, reporting and support components in its design. An optimum feedback
system also positively influences school feedback and monitoring culture by providing
opportunities for positive experiences with feedback and increasing data-literacy. This improves
the chances of feedback being used for planning, decision-making and action in the schools. An
effective feedback system must also offer a comprehensive package of different reporting levels
and modes to accommodate different users, with various levels of data sophistication,
functioning in diverse contexts. The research also showed that an effective feedback system
mediates thinking about educational instruction and curriculum and can therefore be a potent
change agent. Use of clear, simple, intuitive data presentation in the feedback system allows for
experiential learning to increase user data-literacy.

The design research approach employed in this study offers an appropriate and powerful
approach to adapting, developing and optimising a feedback system. User involvement in
design research ensures greater contextualisation and familiarity with the system, while
engendering trust and a greater sense of ownership, all of which increase the receptiveness
and responsiveness of users to feedback. Involvement of school users in this particular design
research process also allowed improvement of statistical literacy skills, an opportunity to
evaluate personal assessment standards and a deeper understanding of the curriculum links to
particular skill sets. Finally, the research also contributed design guidelines for other developers
of feedback systems, an integrated conceptual framework for use of monitoring feedback and a
functioning feedback system that is now employed by 22 schools in the Tshwane region of SA.
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Although the study took place in a specific region in SA with emphasis on primary schools, the
design guidelines provide the opportunity for other researchers to replicate the research in other
contexts. The rich descriptions of the research process (see Archer, 2010) provide the
opportunity for design researchers to transfer the knowledge to different contexts. This may
include replication within, for instance, different levels of the schooling system, different
languages of instruction, different countries and different education systems. If the replication
proves successful, analytical generalisability may be achieved, wherein it can be concluded that
the results are applicable to all the successful replication contexts (Yin, 2003).

7. Reflection

Currently the SAMP feedback system is being further developed by the CEA to include more
grade levels. A similar design research process is being followed for the further development.
The use of a design research approach was highly effective for the design and adaptation of the
feedback system. The design research approach allowed the opportunity to design, implement
and evaluate various prototypes, which slowly started to approximate the ideal for the specific
context, whilst the system functioned and served schools. This flexible iterative design process
ensured that the design process remained responsive to input from user and experts alike. The
need for responsiveness does however place high demands on the researcher to embrace
emergent research design, which may call for adjustments in the originally planned research
approach. Design research includes representatives of the target users in designing the
interventions. This meant that users could feel a greater sense of ownership of the feedback
system, making them more receptive and responsive to the data. The design research
philosophy of viewing the users as true partners and collaborators in the design process was
congruent with the collaborative approach used in the feedback system. The participation in the
design research process also afforded users the opportunity for process learning about
evaluation processes and furthered data-literacy of the participants. The quality criteria
employed in design research allowed for enhancing of specific aspects of the feedback system
in a systemic manner during the various phases of the design process. This not only ensured
that all the criteria enjoyed attention during the design process, but also that there was a shift in
which evaluative criteria were the focus during the various evaluative cycles. The design
research approach resulted in design principles to support other feedback system designers,
ensuring that the research had value beyond the context for which it was designed.
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5. Using the spiral problem solving process
to design group work: A case study of
educational design research in Shanghai

Nanchang Yang, Qiyun Wang & Zhiting Zhu

Abstract

This chapter reports a case study of using instructional strategies to promote group
collaboration of lower primary school students who were learning the subject of science at
Shanghai. Grouping strategies, problem design, and mediated tool design were used in this
study. By following the educational design research approach, this study progressed through
three rounds. The first round involved the use of a set of instructional strategies in two classes.
Based on lesson observation results and the teacher’s feedback, the strategies were revised
and used for a different topic in one of the classes in the second round. Minor revision decisions
were made and the adjusted strategies were implemented in the other class in the third round.
The method of lesson observation was adopted for data collection. A survey was conducted on
the two classes of students to identify their perceptions on the use of the strategies at the end of
the third round. In this chapter, the lesson design ideas, implementation and findings, and
revision decisions involved in each round are presented, and the survey results are reported.
The yield of the study and lessons learned from this study are summarized at the end of the
chapter.

1. Introduction to the problem

Group collaboration becomes increasingly important in the new information society (Barron,
2000). Students need to learn how to work together when they are in schools so that they can
prepare themselves for being competent in future jobs. However, school teachers often lack
experience of organizing activities for group collaboration as they get used to the teacher
dominated instructional approach in the classroom (Lim, 2007).

When students are put into groups and told to work together, it is most likely that real
collaboration does not actually happen in the groups (Wang, 2009). From the surface level, it
looks like that students sit and work together in the groups. But the extent to which group
members really collaborate, help one another and learn from peers can be minimal. In real
teaching practices, however, teachers often observe that students can learn from their peers
and get a task done effectively if a group is organized and coordinated well. Research also
shows that if a group leader specifies the role of each member clearly and coordinate their
group members’ effort, they have the possibility to work together efficiently (Barron, 2000).
Therefore, teachers often need strategies to guide them in the design of learning tasks and
group organization so that collaborative learning can happen.

This research was a validation study in nature aiming at identifying and testing instructional
strategies for promoting effective group collaboration at a lower grade level in a primary school
at Shanghai, China. The main research question was: How to effectively promote group
collaboration for learning the subject of Science in the context of a Primary 2 classroom?
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Effectively promoting students’ group collaboration is a common need and challenge for school
teachers in China. The knowledge gained from this study therefore has the potential to be
applied into other subjects and other grade levels in similar contexts.

This study was conducted by following the educational design research approach (Plomp, 2010;
van den Akker, 2010). The major reasons for choosing this approach were that not much
concrete experience was available to learn from and the participating teacher also had the
expectation to improve her practical skills in organizing learning activities for group
collaboration. These reasons aligned with the rational of design research reported by Plomp
(2010).

This study started with a preliminary research stage where the conceptual framework was
formulated based on the review of relevant literature, and followed by three rounds of
prototyping. The first round was conducted in a class on the topic of ‘simple circuits’. The aim
was to examine if the proposed strategies worked well. Data were collected through lesson
observations.

Revision decisions were made after a formative evaluation at the end of this round as
recommended by Nieveen (2010). The second round was conducted in one of the two classes
on a different topic (‘conductor and insulator’). The aim was to check if the revised strategies
(e.g. for students’ roles and time management) worked better. Data were collected and
analyzed by following the same approach as in the first round. Minor revision decisions were
made at the end of this round and the third round was carried out on the same topic but in the
other class. The aim of the third round was to verify if the revised strategies (e.g. using fewer
materials and using a revised worksheet) worked more effectively. In the end, a survey was
administered with the students in the two classes to investigate their experiences and
perceptions on group collaboration.

The structure of the chapter is as follows. The conceptual framework for this design research is
presented in the following section. This is followed by a detailed description of the three rounds
of the design research process. Each round presents the lesson design ideas, implementation
and findings, and revision decisions for the next round of design. The yield of the study and
lessons learned from this project are presented at the end of the chapter.

2. Development of a conceptual framework: The spiral problem
solving process

According to Hokanson and Hooper (2004), instructional methods can be categorized into five
levels: reception, application, extension, generation, and challenge. They begin with the
simplest (reception) and most common forms of instruction and extent to what is described as
the best experiences (challenge). On the reception level, students are often considered
information receivers; on the application level, students need to answer some questions and/or
summarize information; on the extension level, students are expected to solve similar problems
after learning how to solve simple ones; on the generation level, they learn how to generate or
create their own solutions to complex problems; while on the challenge level, they learn how to
challenge others or their own learning. These five levels of instructional methods are adapted to
guide the instructional design of lessons in this study. The lesson design modifies Hokanson
and Hooper's stages into an IARE (Initiation-Activity-Response-Evaluation) pattern, and further
applies the activity theory as a tool for guiding the design of the activity step.
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Figure 1 shows the conceptual framework for the lesson design in this study. Each lesson is
designed to be a spiral problem solving process, which involves problems at different
challenging levels (from low to high):

1. Warm-up problems: These are usually initiated by the teacher to introduce the topic and
attract students’ attention.

2. Basic problems: Students are required to solve some basic problems in groups guided by
the teacher.

3. Analogous problems: Students are further required to solve some similar problems in groups
by collaborating with their peers.

4. Extended problems: Students are encouraged to think and solve some in-depth authentic
problems in real life scenarios.

5. Generated problems: Students are expected to present and share their findings and come
up with their own problems based on their collaborative investigation. The generated
problems will become the warm-up topics (or problems) of the following lesson. In this way,
learning hence becomes a continuous problem solving process.

Level of Challengze

Low

< Y :

Warm-up . Basic ‘ Analogous
problem i Problem | Problem
* i L}

Figure 1: Spiral Problem Solving Process (adapted from Hokanson and Hooper, 2004)

Each of the abovementioned problems is gradually carried out in different stages (IARE:
Initiation-Activity-Response-Evaluation) as shown in Figure 2. In the initiation stage, the teacher
usually introduces the aims and schedule of the lesson. During the activity stage, students are
to solve corresponding problems (e.g. warm-up problems, basic problems) in groups guided by
the teacher. In the response stage, students respond to teacher’s scaffolding questions or other
students’ queries. In the evaluation stage, students present their findings to the whole class, or
are evaluated by completing worksheets.

In particular, when the students are engaged in their group activities to solve problems, the
activity theory (Engestrom, 1987) is used to guide the design of group learning activities. Among
the key components of the activity theory, the subjects are students and teachers. According to
Tabak and Baumgartner (2004), a teacher may play various roles in group work: as a monitor, a
mentor, or a partner. However, the role of teachers in group activities is often neglected in
existing research. This study will also address teacher’s roles in promoting group collaboration,
in addition to investigating the students’ roles in group work.
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Figure 2: The IARE stages involved in each problem solving process

Tools in the activity theory can be anything used for group activities. In this study, the students
3. scaffolding tool they use is a worksheet, which aims to get the students focusing on the
learning tasks when they are investigating.

Rules and division of labour are to ensure that the group activities can be smoothly carried out.
In this study, tentative rules include: i) group members have equal opportunities to participate in
investigation and voice their opinions; ii) they are given additional time to think individually
before they start to collaborate; and iii) different activities may follow different rules.

The community refers to the cohesiveness of the learning group. A helpful learning community
should get its members feeling that they belong to the group, in which they share the same
concerns and problems, and help each other and also learn from peers (Wenger, McDermott, &
Snyder, 2002).

The objects are the outcomes of the learning activity. They can be physical artefacts,
observation results, or generated ideas. In this study, the objects are mainly observed results,
students’ perceptions and findings from the investigation.

3. Design/development phase

In this section, the context and the overall design of the study is firstly presented, which is
followed by a specific description of each round. The strategies used for group collaboration,
lesson design ideas, and findings are presented in each round. Revision decisions are
suggested for further improvement in the following cycle of research.

Context and overall design

This study was conducted in a newly established urban primary school at Shanghai. It is a
neighbourhood school with general ability students. At the time of conducting the research, the
school had three grade levels of two classes each. A total number of 51 students (26 boys and
25 girls) from the two primary two classes participated in this study. The participating teacher
had more than five years of teaching experience in the subject of Science. She was a devoted
teacher with innovative ideas and showed great interest in participating in this project from the
beginning.

The entire design phase involved three rounds of the design research process as shown in table
1.

100



The first round involved an identical topic in two classes, while the last two rounds were a
different topic in two classes respectively. As the focus of each round was slightly different, the
research question involved in each round was varied. The main instrument used for data
collection in this phase was lesson observation. The following sections will describe the three
rounds in detalil.

Table 1: Overview of the design phase

Round | Topic (Class) Main design activities
1 Simple circuits e Preliminary design
(Classes 2-1 & 2-2) e Focusing on spiral problem solving design and
activity design
2 Conductor and insulator e Testing the revision decisions
(Class 2-2) e Focusing on group regulations and students’ roles
3 Conductor and insulator e Validating the revision decisions
(Class 2-1)
Round 1

Grouping strategies

The students were not grouped based on their registration number or physical seat arrangement

as usual. Rather, the students were allowed to indicate their preferred group members such as

friends. Based on their indicated preference, the following rules were applied for grouping the

students:

1. There were 6 groups of 3-5 members each in a class.

2. Those students who mutually indicated each other were put into a group.

3. They would have at least one friend in a group.

4. Key persons such as class leaders, or extroverted/introverted pupils were balanced during
grouping.

5. The gender factor was not particularly considered.

Lesson design

The topic of ‘simple circuits’ is actually rather complex for students in the target class. In order

for students to better understand the topic, the spiral problem solving process was applied into
the lesson design. Experimental materials for each group are provided in a box. The following

are the problems designed for this lesson:

1. Presenting a warm-up problem: getting familiar with the experimental materials and thinking
aloud their functions.

Solving a simple problem: Getting a bulb light on without using a switch.

Solving an analogous problem: getting a bulb light by adding a switch.

Solving an extended problem: getting a transparent touch light on.

Generating a problem themselves: the lesson ending up with the emergence of challenging
guestions or problems.

a s~ WD
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The research question was: Do the grouping strategies and lesson design ideas work well for
students to work collaboratively?

Lesson implementation and findings

The whole lesson was implemented in the following steps. First, it started with a warm-up
activity, in which the teacher showed the materials to the students, and asked them to think
about how to use the materials in the following experiments (I-R-E: Initiation- Response-
Evaluation). Then, the students were required to complete the three (simple, analogous, and
extended) problems in groups. The teacher walked around, answering their inquiries and giving
them suggestions (I-A-R-E: Initiation-Activity-Response-Evaluation). In the following step, each
group was supposed to present to the whole class how they solved the problems and received
feedback from the teacher and/or from the classmates (R-E: Response-Evaluation). In the end,
emerging problems might be generated during group presentations and the students were
expected to solve the problems in groups again (I-A-R-E2).

In general, most steps were managed to implement, but the final presentation and group
investigation stages could not be fully completed due to the time limitation. But, it seems that the
group presentation and sharing activity was helpful for promoting group collaboration. It was
observed that when a member was presenting on behalf of the whole group, the other members
often reminded him or her and gave encouragement. This was a good indicator of having
cooperative team spirits, which seldom appeared in the past. Some groups came to the front to
present together.

The warm-up activity attracted their attention and aroused their interest. They were eager to
know what the materials were about and for what purposes. It was observed that the teacher’s
role was mainly as a monitor in the lesson.

The emergence of challenging questions

The teacher purposely provided an addition wire in the material box, which caused many

discussions and confusions. The students came up with different ways of connection in the

experiment. Some connections were incorrect, but were good for stimulating in-depth thinking.

For instance, some of them were confused with the observation like:

e Why does the bulb turn off when | connect the wire to the two ends of the bulb?

e Why does the bulb light up when | turn the switch off but the bulb lights off when I turn the
switch on?

These new discoveries aroused the students’ interest in learning the following topic, which is

about parallel circuits.

Another challenging question emerged from the activity was why the light bulb still could be on
even when the two poles of a battery was reversed. A student found this problem and asked the
teacher. But because there was no much time left, the teacher did not further discuss and
address this problem in class.
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The use of a form for within-group evaluation and a worksheet to demonstrate their
understanding

A form for within-group evaluation, as shown in Table 2, was developed. The form listed down
the key activities group members needed to do and also required them to indicate the levels of
collaboration when they were completing these activities. Students in groups judged the levels
(high, medium, or low) of their collaboration and indicated them in the form.

Table 2: The form for within-group evaluation

Workload Help and Sharing Caution of

Activit
y distribution Support Ideas Safety

Wire Connection

Switch Control

Torch Setup

1.
Discovery and 2
Reflection 3'

Note: : high level; A: medium level; o : Low level

The students were also required to present their understanding of circuits on a worksheet by
connecting the components. Figure 3(a) shows that all groups could make simple circuits
without a switch. But after a switch was added, not all groups could make correct connections.
Figure 3(b) shows some common mistakes that students made and the upper middle one
further shows how they corrected their connection to make it correct. The change of the wire
connection reflects the students’ cognitive improvement of the group.

(@) (b)

Figure 3: Students’ completion of the worksheet

Sharing their understanding based on evidence

During the sharing activity, all groups put their completed circuit diagrams on the whiteboard.
They compared similarities and differences among the circuits and gave comments. Group 3
further shared their investigation process and why they changed the wire connection. What
happened in this group was that a member directly made the same connection based on the
experience of constructing a simple circuit.
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But the other members disagreed with the connection and argued with him. In the end, the
teacher came and suggested that they could test different connections based on their
understanding. After testing, they made a correction based on the evidence from the
experiment.

Limitations and revision decisions

The students were actively engaged in the group activities. In particular, the students were
happy to share their group work and understanding with the whole class. However, some
limitations were also found in this lesson.

Firstly, the students’ roles were not clearly specified for group activities. For instance, the
students were not told who should manipulate the experimental materials and set up the
experiment, or who should draw the circuits on the worksheet. As a result, some group
members could not cooperate well and they even quarreled with each other. It confirms that
specifying clear roles is crucial for group collaboration of young kids at the primary two grade
level.

Secondly, the teacher’s roles needed to be further improved. In this lesson, it seemed that the
effect of teacher’s support for group work was not that obvious. One observation was that the
time for the teacher to stay with each group was short. She could not listen to them carefully
and give corresponding support needed. Rather, she used to directly tell them what was wrong
or what should be corrected. The teacher’s role remained as an instructor. It seemed that it
might be better for her to function as a member rather than as an instructor.

Before conducting the lesson, the teacher was quite worried about classroom management.
She thought that as there were so many group activities involved in the lesson, the students
might be quite noisy, distracting, or hard to manage.

The actual process of the lesson showed that the students were quite engaged in the group
activities, and classroom management was not an issue.

Comparatively, time management was a critical problem instead. The lesson did not have
enough time left for all groups to present and share their understanding with the whole class.
The students were quite excited and motivated, and they all wanted to share their
understanding. But the time left for their sharing was limited and many groups did not have
opportunities to share with the whole class.

Another critical challenge for the teacher was how to capture and elaborate on the emerging
problems generated by the students. If the teacher could keenly capture students’ problems or
confusions and elaborate on them immediately, it might elicit more in-depth discussions and
help students construct more meaningful knowledge.

Round 2

Ideas for lesson design

The lesson in the second round was about conductor and insulator. Based on the findings and
revision decisions of round 1, the focus of the lesson activity design in this round was on the
role of group members and the rules for collaboration. In order to give every member an equal
opportunity to participate, manipulate, and share their understanding, each member was given a
pen at the beginning of group activities.
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The pen was not meant for writing, but presenting a chance for hands-on activities. When a
student was doing hands-on activities, the other members observed, took notes, and provided
necessary support. After finishing the hands-on activity, his/her pen had to be returned to the
box at the center of the table, which means that his/her chance of hands-on activities was used
up. Someone else who still had a pen could take over. By using this strategy, each group
member had at least an equal opportunity on hands-on activities.

As the students did not have enough time to complete all lesson activities in the first round, this
round only focused on one major lesson activity, which was to test the electrical conductibility of
the 20 materials provided. In addition, this school has a five-minute period (called a mini-lesson
in the school) before each lesson. Teachers can use this mini-lesson to introduce or extend any
lesson-related materials. As some challenging questions - such as why the light bulb still can be
on when the two poles of a battery are reversed - could not be addressed in the lesson of the
first round, the teacher decided to discuss the challenging questions during the mini-lesson
period. As the form and the worksheet worked well in the first lesson, they were kept in this
round.

The research question in this round was: Do the revised strategies (using the mini-lesson,
specifying the role of group members and rules for collaboration, and focusing on one lesson
activity only) work well for group collaboration?

Findings of round 2

The revised lesson design of using the mini-lesson provided a flexible opportunity for the
students to complete the previous lesson activity and also for the teacher to introduce the
following new topic.

The strategy of setting up ground rules and specifying the roles for members helped to
implement group activities smoothly. In this lesson, the phenomenon of one member dominating
group activities did not happen. No groups quarreled for getting an opportunity to investigate.
Every member had the chance to do hands-on activities. They helped each other and got the
experiment done smoothly.

There was still a challenge on time management. This lesson had one group activity only.
However, after completing this activity, students did not have much time for sharing. It seemed
that a lesson of 40 minutes had difficulties to involve problems at all levels.

In addition, a new finding from this round was that the student had developed the habit of
collecting evidence by doing experiments. For instance, at the beginning of investigation, many
groups were unsure if the material of foil could conduct electricity. They decided to test it out.
Some parents who were invited to observe the lesson were also joining their group discussion
and even told answers directly. But the children did not simply follow their advice and insisted
testing it out personally. It seemed that the students had the desire to collect evidence by doing
research.
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Round 3

Ideas for revising the lesson

In order to meet the time management challenge, the lesson design was further adjusted in this

round as follows:

e The number of experimental materials provided was reduced from 20 to 14. Some similar
materials (e.g. plastic sheet & plastic bag; glass & glass ball) were combined and only one
instance was kept.

e The worksheet was revised. In the original worksheet, two options (yes and no) were
associated with each material to indicate if the material could conduct electricity. To
promote further thinking, these two options were adjusted to ‘prediction’ and ‘observation’.
Students were encouraged to make a prediction before testing them out and compare if the
observation was consistent with their prediction.

The research question for this round was: Do the strategies (reducing the number of
experimental materials and using the revised worksheet) help to improve group collaboration in
a different class?

The revised lesson was implemented in another class (Class 2-1). The findings are reported in
the follow section.

Findings of round 3

The group activity took less time and the whole lesson involved warm-up, investigation, and
sharing. Students had enough time for presenting and sharing. The lesson observation showed
that enabling students to share their understanding was crucial for them to construct correct
knowledge. In addition, the students liked sharing. Every group had different observational
results (although the materials were the same for each group) and wanted to share with the
whole class. Also, even within a group, different members sometimes had different
understanding. They were eager to share with others what they had observed.

By using the revised worksheet, new observations were further explored and discussed. Almost
all groups found that foil could conduct except one group who found that only the silver side of
the foil could conduct while the other side could not. This was a new observation. This group
further shared how they found this ‘secret’: they used the metal crocodile clip to touch the foil
side rather than to clip. The other groups’ students were astonished and also wanted to try. As
the class had about five minutes left, the teacher decided to allow them to test the two different
sides of foil. As a result, the students were very excited after the additional investigation.
Obviously, the sharing activity provided them with an opportunity to exchange ideas and learn
from others.

Ideas for further revision

This round also made clear that the physical arrangement of the setting also needed to be
carefully considered when a lesson was designed. This lesson was conducted in a lab, which
was rather spacious. When the students were sharing their findings, sometime it was hard for
others to hear clearly. Also, it was quite hard for them to see clearly when they shared their
drawings or diagrams on the white board. It seemed that the physical arrangement of the
environment needs to be taken into account in the future.
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4. Assessment phase

To further find out if the students liked the strategies for promoting group collaboration involved
in the lessons, a survey was conducted on the two classes of students at the end of the 3"
round of this study. The survey questionnaire included two sections: multiple choice questions
and open-ended questions. This section presents the assessment results from the survey. All
students from the two classes (N=51) involved in the three rounds participated in the survey. In
order for students to easily understand the questions, the teacher read out questions one by
one to the students in class.

Results from multiple choice questions

The first question was to ask students if they liked group work. 84% of them mentioned that they
like working together in groups, 8% indicated that they liked individual work, and the remaining
8% did not care. This result showed that the majority of the students preferred group
collaboration.

The second question was to check if they liked the current grouping strategy and the grouping
result. 68% mentioned that they were happy with the grouping result and the friendship grouping
strategy was better than grouping by the registration number. 20% indicated that there was no
obvious difference between the current and the past grouping strategies. And the remaining
12% felt unhappy with the current grouping result as they could not get their best friends in their
groups.

When they were asked what they liked in their group activities, 86% indicated they liked
discussing with members, 8% hoped that their peers could listen to them, 6% did not care, and
nobody took the option of solely listening to others but without speaking.

They were also asked whether they felt happy in class activities and when. 50% felt happy when
they were investigating with the teacher, and 45% felt happy when they worked with their group
members. However, 3% felt that they were happy when they could investigate individually and
2% students had no clear preference.

When the students were asked if they would like to have similar collaborative learning activities
in other subjects, 64% of them liked this strongly, and 24% were neutral, and 12% disliked.

They were also surveyed about what they expected the teacher to do when they were doing
group work. 74% indicated that they expected the teacher to work with them in their groups;
12% expected the teacher could listen to them when they were discussing; and 14% did not
care. Nobody took the option that the teacher should stand on the stage and did not participate
in group’s discussions.

In addition, to the question about what they wanted to do after completing their group activity,
students were allowed to take multiple options. 46% (N=27) indicated that they wanted to
demonstrate their answers on the white board after completing group work, 22% (N=13) wanted
to know the answers of other groups, 19% (N=11) hoped they could tell their answers to the
teacher, and 13% (N==8) students wanted to share answers with peers.
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Results from open-ended questions

An open-ended question was included to collect students’ thoughts about group collaboration.
Among the 51 students, 7 students did not answer and 4 other students’ answers were
irrelevant. The students’ responses showed that the student had some concerns with the way of
group collaboration and with teacher support.

There were 10 negative comments, 10 expectations, and 19 positive comments about the way
of group collaboration. Most of the negative comments were about individual students 'bad
behaviours'. Among the expectations, they hoped that some of their group members could be
adjusted; they all had opportunities to voice opinions up in their groups; and they could share
findings with other groups as well. The positive comments showed that they were happy with
their group members; the experiment was interesting and they learned more from the
experiment; more subjects should use the same method and other teachers should come to the
lesson to observe and follow.

There were 2 negative comments, 5 expectations, and 3 positive comments on teacher’s
support. The negative comments were mainly about the teacher’s use of voice. They felt that
sometimes the teacher’s voice was too loud or too soft, and sometimes she was even
frightening. They commonly expected that the teacher could come to their groups more often to
work with them. Positive comments included that the teacher managed to listen to them when
they were sharing and the lesson was well prepared.

5. Yield of the project

This section presents the design principles summarized from the study. Hopefully these
principles can be used to guide the design of similar activities for group collaboration in other
contexts.

This study shows that multiple factors affect group collaboration in a classroom setting. The
factors include grouping strategies, regulations and rules, use of forms and worksheets, and
roles of members. For lower primary school kids, it seems that friendship is a useful strategy for
grouping. Research further shows that friendship is an effective grouping strategy as well even
for university students (Ciani, et al., 2008; Wang, 2010). Setting up regulations and rules is
useful for effective group collaboration to take place.

In this study, the regulations and rules included that everyone should actively participate in their
group activities and their presentation must be based on evidence. The result showed that these
regulations and rules enabled group members to participate actively and responsibly. In
addition, the use of a worksheet enabled students to concentrate on learning tasks; the use of
within-group evaluation form got them reflecting on how to improve their collaboration; and the
clear roles of members allowed them to coordinate and collaborate in an effective way.

New discoveries from group activities and sharing can stimulate students’ interest and
motivation in conducting further investigation. Unplanned new discoveries emerged from group
activities and from sharing sessions in this study. These discoveries became new challenging
problems and starting points for their following investigation activities. Integrating the new
discoveries into the following lesson design would stimulate and foster students’ interest in
subject learning and maintain their motivation in conducting further scientific investigation.

Participating in design research is an effective way for promoting practitioner’s professional
development.
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The participating teacher reflected that her subject teaching and research abilities were greatly
improved via participating in this one-year design research project. She became more confident
in group collaborative learning activity design and her teaching involved more collaborative
learning activities. After completing the project, she was promoted to be a leader in the field of
group collaborative leaning in the school. Also, she published some conference papers after
participating in the project. This study confirms the claim that an “output of design research is
professional development of the participants involved in the research” (Plomp, 2010, p.20).

In addition, this study indicates that the conceptual framework of the spiral problem solving
process worked well in this case study. However, because of the time limitation, it was hard for
the teacher and students to complete problems at all levels in a lesson. It seems that a spiral
problem solving process is preferable to involve several lessons.

6. Reflection: Challenges and future research

This study shows that design research has many challenges for both researchers and
participating teachers. Design research tends to be a long process, which requires researchers
to put many efforts. For instance, the researcher needed to collect data from various resources
such as lesson observations, videos, surveys, and teacher’s reflection log in this study. It took a
lot of time to analyze and summarize the data. When the interval between the two lessons in
the 2™ and 3" round was as short as two days only, the researcher had to analyze the data
quickly and propose revision decisions within a short period. These required the researcher to
work very hard and very closely with the teacher during that period.

The teacher had challenges in lesson design as well. Firstly, she had to reorganize the lesson
content and redesign lesson activities. She could not just simply follow the existing syllabus as
the new group activities were quite different from her existing teaching practice. Secondly, there
was no available experience to learn from. She had to work with the researcher to come up with
innovative ideas about the experiment requirement, materials used, grouping strategies, and
ground rules. Thirdly, she had to learn how to capture students’ emerging discoveries and
elaborate on them in time. The lesson observation shows the students’ learning interest would
be greatly aroused if she could capture and elaborate on the new discoveries. All these
requirements imposed great challenges on the teacher.

This study had limitations in the selection of subject content and samples. It only focused on the
science subject in Primary two, and involved two classes. So the result cannot be generalized to
a larger universe. However, this is consistent with the intent of educational design research,
which aims to generate heuristic design principles that can provide guide and directions rather
than certainties (Plomp, 2010). Future research would further explore:

e Design research in other subjects;

e Students’ roles in group collaboration;

e Teacher’s participation and support in group collaboration;

o Other grouping strategies such as grouping based on students’ ability and/or gender.
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6. GO Inquire - Geological Observational
Inquiry: Cycles of design research

Brenda Bannan

Abstract

The Geological Observational Inquiry (GO Inquire) system is a Web-based, customizable database
driven learning program application that supports geoscience education at the upper elementary
level (10-12 years old). The system was designed and developed through multiple studies and
cycles of design research to support teachers and students as they engage in inquiry-based
learning experiences in geosciences and specified reading strategies to promote enhanced student
observation, comprehension and reasoning in and about the world around them. The cycles of
design research conducted over a six-year period funded by the U.S. National Science Foundation
were aimed at research-based development of an innovative intervention (e.g. a development study)
as well as to develop and validate theories about learning in geoscience and understanding of the
intersection of inquiry-based science and reading strategies. The system progressively evolved
through multiple streams and cycles of design research over six years beginning with basic goals
and features such as a more simplistic initial design criteria of guiding teachers and students in an
observational, inquiry-based experience noticing natural processes. Over multiple studies
comprising an in-depth formative evaluation of the system across phases, the prototype gradually
improved to present a teacher-customizable system allowing for: 1) modeling and collaborative work
on the geological inquiry scientific task based on a geomorphologist’s mental model: 2) intersecting
text resources with scientific inquiry-based observational activities investigating school grounds for
signs of erosion and deposition; 3) documenting the evidence through uploaded digital photographs
and visual identification of geological factors; 4) observing and questioning about important factors
such as where the high and low point of the landscape are located or the composition of the soil or
material is loose or compact to reason about the evidence just like a geomorphologist who attempts
to understand landform change. The research questions, design criteria and corresponding
evaluation cycles became progressively more sophisticated and complex across ILDF phases (see
evolution represented across Tables 1 & 2 at the end of this chapter for more detail) in this design
research effort and the complex, evolving journey incorporating multiple studies contributing to the
generation and refinement of the system across the six years are described below.

1. Educational problem

Children have difficulty perceiving that the earth changes slowly over time (Ault, 1998; Martinez,
Bannan, & Kisantas, 2012). Geological observation of processes such as erosion attempts to further
understanding of the evolution of landforms (Slaymaker, 1991). However, extrapolating the visual
features in a landscape is an important part of geological interpretation. Geological reasoning
attempts to reconstruct the most likely sequence of events that created landscape features or rock
formations through retrodiction or a generated hypothesis using current information to infer how
something may have happened or formed in the past. Those in the field of geoscience education or
those focused on studying the more recent term of “geocognition” state that very little is known

115



about how students' progress toward expertise in geoscience, the necessary skills and how
traditional education contributes (or does not contribute) to geocognitive development or
understanding changes in the landscape (Petcovic, Libarkin, & Baker, 2009). The complexity of
inquiry-based instruction in today’s classroom is even more prominent when combined with the
challenge of synthesizing information as is necessary in geologic study. Inquiry into geological
phenomenon requires interpretation of objects with histories, and includes a high level of ambiguity
(Ault, 1998). Geologists or geoscientists often reason by comparing and contrasting landforms such
as mountains, valleys, and river deltas and by inferring past events from the present (Kitts, 1977).
Learning to observe in a geomorphological manner is essential to being able to compare and
contrast physical earth structures and is one of the core foci of this educational design research
effort along with those concepts and processes articulated next.

Observational inquiry such as that occurring in the geosciences, in general, has not received the
attention that more experimental forms of inquiry in science education have been given and there
seems to be little understanding of how to support students in scientific observation in the classroom
(Smith & Reiser, 2005; Tomkins & Tunniclieffe, 2001). However, what does seem to be critical for
both experts and students is experience out in the field or natural setting and visualization abilities
thought to be critical to solving geological problems (Anderson, 2002).

The role of reading in science has recently generated significant focus in the literature (Yore, 2012;
Saul, 2004). Furthermore, the overt integration of reading and science is critical because
comprehension and inquiry efforts in the classroom are interdependent and have common goals
and strategies (Cervetti, Barber, Dorph, Pearson, & Goldsmith, 2012). Questioning and self-
monitoring are two examples of these strategies (Palincsar and Brown, 1984) which improve
comprehension of informational texts and are crucial for science achievement (Yore, 2004).
Integrated literacy instruction across domains such as science has been stated to provide more
authentic, more meaningful and efficient instruction based on the premise that knowledge
construction as an integrative process (Gavelek, Raphael, Biondo, & Wang, 2000).

This design research study focused on intersecting geological observational inquiry and reading in
science to support student’s geological reasoning about the world around them. The multi-cycle, six
year effort uncovered valuable information about student learning in this relatively unexplored area
as well as teachers’ understanding of inquiry-based learning and produced an effective technology
learning system. The justification of the employment of design research and the methods/processes
followed in this case are detailed below.

Educational design research was selected as the appropriate methodology because geoscience
learning is a complex, relatively unexplored area with little understanding or theoretical ideas about
how learning occurs. Kelly (2009) states that these situations warrant the use of design research
methods. This study utilized the Integrative Learning Design Framework (ILDF) as a basis for the
four phases of design research (see Figure 1) conducted with varying applied and empirical
methods incorporated in each phase (see Bannan-Ritland, 2003; Bannan, 2009; Bannan, 2012).
Bannan (2009) provides a full description of the multi-study, multi-method programmatic approach of
design research as distinct from a single study (see Bannan chapter in volume A). It is important to
distinguish that this report incorporates multiple streams of research, therefore includes a high level
view of cycles of research that are connected which impacts the chain of reasoning articulated as
distinct from a single research focus.
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2. Informed exploration phase

The purpose of the informed exploration phase of the ILDF is to identify, describe and analyze the
state of the problem or phenomenon in order to generate theoretical perspectives about how people
learn and perform and corresponding design directions.

The outcomes of this phase is to locate the problem in context, review the literature and
characterize audience and stakeholder perspectives to identify relevant knowledge domains and
integrate applied practice, theory and research perspectives to work toward the generation of initial
models or conceptual frameworks for enactment in the next phase.

Needs analysis

Our research team, which was comprised of the project investigator, three graduate research
doctoral students and six teacher-practitioners, initially conducted a needs analysis to determine
and articulate the area of need and performance in a problem finding or design problem framing
process. The needs analysis helps to initially determine what is in and out of the scope of the
instructional problem and tries to determine process and input to achieve the educational goals.
Rossett (1999) refers to the needs analysis process as defining the limits of the problem or domain
and then determining what to do to work toward the goal of a data-driven rationale and broad
description of a potential technology system.

Our approach in the initial Informed Exploration phase of the sequence of GO Inquire design
research cycles was to attempt to gather and integrate information from research, theory and
applied practice. The intersection of these sources provides a more comprehensive approach to
frame the problem distinct from initial stages of the traditional research process which is typically
limited only to a literature review. In this direction, we chose to examine the cognitive and applied
literature related to science inquiry, geoscience learning and the integration of reading and science
to attempt to frame the problem and then progressively narrow the research focus as well as gather
input on teachers’ practical knowledge and input on the educational problem from subject matter
experts.

We initially interviewed representatives from the American Association for the Advancement of
Science (AAAS) who directed us toward the field of geoscience given the dearth of digital teaching
materials in this area. This began our journey toward introducing and supporting geological and
observational inquiry processes for upper elementary students but our goals were initially fairly
vague. It was clear we needed more information on children’s learning related to geoscience. We
then identified a geomorphologist or scientist who joined our research team whose research focus
was landform change who could help guide us in the ecological validity of the science activities we
might include in the system design. He reconfirmed the need for geoscience curriculum materials in
the schools to support teachers in teaching this complex subject area. Next, we investigated the
literature to round out our understanding of these important areas of focus.

Literature review

The GO Inquire research team conducted a recursive literature review to determine what was
known about how children understand geologic processes and landform change over the course of
the six-year study. Initially, very few academic journal articles were identified that addressed
understanding of geological processes by children and those that did were fairly dated such as Ault
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(1998). The overall outcome from this review was that there is dearth of literature on geoscience
learning, reasoning and inquiry which constitute a complex process typically not directly addressed
in schools in the U.S. In our reviews of the literature, we began to iteratively narrow down our areas
of focus related to the geologic processes that we wanted to address in the design research study
cycles. Only two studies were found to directly addressed erosion and weathering (Dove, 1997;
Russell, Bell, Longden, & McGuigan, 1993). The term erosion is a complex construct to understand
in earth science because it is concerned with the lowering of the land surface and involves
processes which operate over a long time period. A recent geoscience research review (Cheek,
2010) revealed that students have difficulty understanding a sense of scale when something is
outside their ability to observe it directly and occur at very slow rates and require longer periods of
time, such as the process of erosion. We attempted to intersect these findings with our direct
experience with stakeholders such as teachers, students and a geomorphologist in the investigative
cycles described below.

Qualitative observation of target setting

In the initial stages and qualitative cycles of GO Inquire design research, we went into five upper
elementary (5th grade) classrooms and one middle school (6‘h grade) classroom to observe and
videotape their science teaching across a 6-week science unit to further understand the educational
problem in context. Our research questions at this point were focused on uncovering teachers’
implementation of inquiry-based science and if and how teachers connected reading and science
activities in order to design a system that would take teachers’ practice into account. The data from
this analysis revealed significant variation in the implementation of inquiry-based science teaching
and use of literacy activities in science. We found the teachers understanding and implementation of
inquiry as well as their intersection of science and reading processes were limited across 5 of the 6
classrooms. The middle school teacher had the most robust interpretation of inquiry and was the
most innovative in how she intersected science and reading in identifying and defining science
vocabulary words, creating an important linkage between this vocabulary and the inquiry-based
science lab activities. The emphasis she placed on student-generated questioning and attention to
scientific vocabulary in the course of inquiry-based experiences derived from our analysis of data
from her classroom were later incorporated into the GO Inquire system prototype. The classroom
observational data with these six teachers was complemented by teacher interview data analysis
described below.

Interviews of teachers

We also interviewed these upper elementary/middle school teachers about their perspectives on
their understanding of the integration of scientific inquiry and literacy activities. Results of a
qualitative micro-ethnographic analysis of two of the extreme cases (classroom observations and
teacher interviews) revealed that the teachers’ beliefs about inquiry science teaching may influence
their use of integrated literacy activities in the classroom (Bannan-Ritland, Han, Baek, & Peters,
2005). The interviews revealed tensions or dilemmas in how teachers viewed and implemented
inquiry-based activities with the majority viewing inquiry primarily as “hands-on” activities. The
interview data triangulated by the above described classroom observations presented a limited view
and implementation of inquiry-based activities by the majority of teachers observed when compared
to the definition of scientific inquiry articulated by The U.S. National Science Council in the National
Science Education Standards (1996). The data analysis also revealed little evidence of the
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integration of literacy activities in science teaching across the five classrooms. The studies revealed
a lack of full understanding of inquiry-based science by the teachers and little evidence of combining
this form of teaching with literacy activities and student-generated questioning in science during the
six-week classroom observation period. The gaps in the teachers’ knowledge and practice identified
from these micro-cycles of investigation helped to form the initial design criteria for our system
design which encompassed: 1) guiding teacher-student observational inquiry in geosciences; 2)
integrating science-literacy inquiry processes; 3) prompting students to notice natural geological
processes; and 4) prompting student generated, open-ended questions and 5) allowing teachers to
customize the inquiry experience (see Table 1, end of the chapter).

Audience characterization

Based on the classroom observations and interview data, the GO Inquire design research team was
able to uncover our target audience and stakeholder’s (e.g. teachers, students and subject matter
experts) perspectives on inquiry teaching, geocognition and the intersection of science and literacy
activities. Characterizing the target audience members for purposes of design involves getting as
close as possible to observing and interacting with the teachers, students and scientists to build
knowledge about the setting, context and learners to begin to construct a theoretical model for
teaching and learning that provided the foundation for the system design as articulated in the
educational problem section and initial design criteria described above.

In order to improve our understanding about inquiry-based teaching, one member of our design

research team conducted a round of qualitative research with six fourth grade teachers to

investigate the following research questions in the Informed Exploration phase about teacher’s

perceptions of the process of scientific inquiry:

o What are teacher perceptions of inquiry at the beginning and mid-point of a graduate course
involving intensive exploration of science inquiry?

o What are teacher perceptions about how inquiry happens in a 4" grade science classroom?

o How do teachers’ perceptions of inquiry compare with their perceptions of how inquiry happens
in the classroom?

¢ How do teacher conceptions of inquiry compare with the researcher’s initial and refined models
of inquiry?

Peters (2005) interviewed and surveyed five volunteer teacher-practitioners whose classrooms
where observed above and reviewed interview data, survey data, concept maps of the teachers’
conceptual frameworks as they analyzed student work assessment. Results indicated that in regard
to inquiry-based science teaching: 1) the teachers felt asking students open-ended questions was
important and reported that open-ended questions were prevalent in their classes; 2) teachers did
not feel strongly that evidence should be supplied to support claims by students; and 3) teachers
reported a low importance for student designed scientific activities to test ideas. These ideas were
subsequently incorporated into the GO Inquire system.

Additionally, teachers who were part of the design research team participated in a year long
experience participating in the investigation of this educational problem also offering practical
knowledge that contributed to our emerging ideas about how to address the complex goal of
geological scientific inquiry (Bannan & Baek, 2008). One particular teacher involved in this

120



experience articulated how difficult it was for her to get the children in her urban classroom “to see”
nature or to get out in their environment to examine how the earth changes slowly. Based on her
insights and integrated with what we learned from all of the investigative cycles described above,
the design research team arrived at goal of attempting to promote geological observational inquiry in
our design efforts in order to help kids “see” naturalistic processes of geological change that occur
around them like erosion and deposition of materials. In this manner, we would attempt to support in
observing the world around them and learning how the earth changes slowly. This goal also aligned
with a benchmark of science learning relating to understanding change processes of the earth
advocated by the American Association for the Advancement of Science (Project 2061).

Theory development

From the integration of the above micro cycles of investigation and data analyses in the Informed
Exploration phase, the design research team was able to begin to articulate initial theoretical notions
of how children may understand how the earth changes slowly and how teachers understand
science inquiry and integrating it with literacy activities. At this stage, we were able to piece together
these partial understandings resulting from the literature review, qualitative research cycles with kids
and teachers, and experiences in the classrooms to attempt to form a more cohesive picture of the
educational problem and context to then articulate clear learning goals and overarching research
questions allowing them to emerge from earlier investigative cycles. In design research, this is often
stated as tentative theoretical conjectures (Confrey & Lachance, 2000) about how learning might
occur in this context. Integrating all of what we learned in the informed exploration phase, we
articulated at this our theoretical conjecture as the following:

Intersecting scientific inquiry-based teaching with reading comprehension inquiry processes in
geological observational activities may begin to promote children’s attention to, learning about and
reasoning related to processes of slow landform changes on the earth such as erosion and
deposition (e.g. geological reasoning).

In the next phase of enactment in the ILDF, we determined that an open-ended, customizable Web-
based system that could scaffold the process of inquiry for both teachers and students could prompt
visualization, comprehension and scientific reasoning processes that comprised our educational
aim. We began to iteratively design and develop this Web-based system through multiple studies
and cycles that would carry out (in progressively more detail through multiple prototypes), to support
and elaborate the above theory. What we learned in the iterative mini-cycles of investigation in this
Informed Exploration phase funneled directly into our insights into design and subsequent research
as described below.

3. Design/development/enactment phase

In the Enactment Phase of the GO Inquire design research project, researchers attempt to integrate
and operationalize what is learned to that point into a targeted intervention or design concept to
address a particular educational need or problem. Before launching into the design of a Web-based
system to support our stated theoretical conjecture, the learning goals or purpose/function of the
intervention or system need to be articulated. The design research team comprised of a professor,
four graduate students, six teacher-designers and at specific times, a geomorphologist, who
assisted us in more fully understand processes that relate to how the earth changes and how a

121



scientist conducts observational geological inquiry to determine our learning goals. Therefore,
participatory design techniques were employed to articulate the learning goals more clearly based
on our initial conjectures about learning in this context.

Participatory design

Participatory design techniques are implemented by software development teams to improve design
fidelity and involve directly interacting with representatives from the target audience in the design
process. We view this as an applied design research method as it can be highly useful to uncover
insights about the educational context, learning content as well as misconceptions and
misunderstandings about the learning focus by participant audience members. In our case, the
teachers on our team who were five volunteer elementary school teachers and one middle school
teacher with interests in creating an inquiry-based science technology intervention as part of a year-
long study in educational technology that provided them with a significant amount of graduate
credits for their work on this project. The teachers served as participatory designers as they
understood the context of the classroom to determine what would work best. However, the entire
design research team needed to better understand our selected focus of geological change
processes of erosion and deposition in order to design a detailed Web-based system that would
promote teachers and students observational inquiry and learning about landform change. In the
participatory design experience, the geomorphologist took the research team to a nature center near
a local school and began to show us how he conducted geological observational inquiry. Standing in
the naturalistic setting, he showed us geological maps of the area and began to look for the high
point in the landscape which was a ridge of land near the school (see Photo 1).

Photo 1: Geomorphologist showing how he conducts geological observational inquiry

Then, the geomorphologist looked for the low point in the landscape which was a nearby stream in
the nature center. We followed him walking down to the stream where he began to examine the
rocks and materials in the stream to determine if the material was loose or intact as well as other
features of the material. As he conducted this inquiry, the geomorphologist explained to us that he
attempts to retrodictively (e.g. retrodiction, as opposed to prediction is defined as utilizing present
information or ideas to infer or explain a past geological event) understand how the landscape may
have formed based on what he can observe now and infer processes such how and where water
might have flowed from the high point of the ridge to the low point of the stream. He then attempts to
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use the information he gathers to reason about what may have happened geologically in that area.
One of his conclusions in our inquiry process and visual reading of the landscape was that water
coming down from the ridge began to erode the stream bed and shaped the landscape slowly over
time and the type geological material in the area and the stream (e.g. loose, compact, hard, soft,
etc.) informed his reasoning.

From this participatory design experience and later direct instruction about erosion processes and
how they impact landform change, the design team was able to attempt to distill the
geomorphologists’ mental model into an accessible observational inquiry process for kids. In fact,
one of the teachers on the team later took her children into the nature center and modeled the
geomorphologist’s process conducted with the design team with the children in her classroom
providing some evidence that this technique (e.g. looking for the high point in the landscape, looking
for the low point, examining the material and geologically reasoning about what erosion and
deposition might have occurred in the area) could be taught to kids.

At this point, with our informed exploration of the educational context, some theoretical notions on
how learning may or may not occur in observational inquiry/geoscience reasoning and practical
experience of teachers interacting directly with a geoscientist, we felt we were ready to begin to
conceptually design an initial prototype of the Web-based system to support these potential learning
processes. Through several iterations of the GO Inquire system, we attempted to articulate or
embed our emergent theoretical model or criteria (see Table 1) that reflected state-of-the-art
knowledge and analysis in the design of the learning system to allow for cycles of feedback and
iterative revisions of the model and corresponding design.

The emergent prototypes or “half-products” (as referred to by other researchers in this volume)
resulted in a progression of our ideas about learning in this area reflected by our key characteristics
or design principles as well as changes in the GO Inquire system indicated by features (see Table
1). The process and the methodologies we employed (both basic and applied research
methodologies) are further described below beginning with articulating clear learning targets and
associated research questions (see Table 2).

Learning targets/research questions

One of the most difficult points in design research is to articulate a single or several learning targets
to provide focus for designing an intervention in a complex educational setting. The GO Inquire
context was no less complex than other design research efforts but over time and through guidance
from the ILDF, we progressively worked toward clarity in our stated learning targets reflecting key
characteristics and corresponding research questions that supported our targeted learning design
(see Tables 1 & 2, end of chapter). This process was by no means linear as it was, in fact, messy,
iterative, and round about at times but resulted in the following initial articulated learning targets or
criteria established for the system:
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Students using the GO Inquire system will:

1. Engage in geological observational inquiry by asking questions and noticing geomorphological
features in their world :

e Use observational skills, photographic analysis, compare and contrast landform features.

e Intersect their prior knowledge and experiences, ask questions, combine their readings
about geological phenomena with observations to promote geological reasoning.

2. Define geological terms for collaborative inquiry.

3. Identify and describe geomorphological processes :

e Focus on visually identifying/describing processes - erosion, deposition, transportation in
the landscape.

e Cue and share identification of geological features as modeled by geomorphologists (e.g.
high/low point of landscape, steep/shallow topography, water velocity and path, intact/loose
geological material, etc.).

e Use observation through visual cueing combined with inquiry-based questioning about
landform change to reason about geological phenomena.

4. Observe, read and write about geomorphological processes with peers to reason about cause
and effect related to geomorphological changes such as erosion, deposition and transportation
of geologic material using digital photographs.

5. Promote retrodiction (inferring how things might have been in the past):

e Realize change in landforms and what/why these might have changed (processes such as
erosion, transportation and deposition of geological material).

The above learning goals were associated with the following initial, broad research questions:

1. How do teachers and students connect and carry out observational inquiry and reading-writing
processes in a structured experience about landform change?

2. How do students geologically reason when asked to identify and use retrodiction to investigate
erosion processes in their local environment?

Clarifying cognitive and performance processes or tasks that support theory inherent in the design is
crucial for creating and testing a theoretically-based innovation. Nieveen (2009) refers to these
necessary components of design research as the key characteristics, guidelines, and
implementation conditions related to the design that then collectively in use can be iterated and
tested to ultimately provide a theoretical/empirical argument. Regardless of the terminology used, in
the design research process, there is an important requirement to attempt to directly align research
questions (based on cognitive theoretical conjectures and learning targets) with the learning
technology design features/principles that are enacted in an applied experience to test theory and
improve the system simultaneously. The research design then correlates closely with the system
design and may co-evolve through multiple iterations.

The ILDF attempts to promote the alignment of the research design and the correlating system
design features as a major step in the enactment phase. Initial statements about the GO Inquire
research foci and corresponding system design features resulted in the goal of engaging upper
elementary students and teachers in connecting observational inquiry and reading-writing processes
that may result in improved identification and reasoning about slow landform change evidenced by
erosion. The ultimate aligned system design goals that evolved over several iterations were to
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design a flexible and customizable inquiry-based structured experience that allows for teachers’
customization and promotes students visual recognition and geological reasoning through
collaborative reading and writing about landform change (e.g. specifically erosion and related
geological processes) in local contexts (see Table 1, end of chapter).

Linking cognitive theory to specific designed technology features should result in testable design
principles or heuristics that assist the researcher in testing or evaluating the above research
questions through embedding these design principles/heuristics in the prototype. The principles
ultimately enact the theoretical conjectures operationalizing them into instructional strategies in the
enactment phase. In the GO Inquire system, cognitive theories that were initially relied upon related
to scientific inquiry and geological reasoning were:

Inquiry-based Learning

o develop students’ ability to engage, explore, consolidate and assess information (Shamansky,
Yore, & Good, 1991).

e highlight basic inquiry processes of observing, comparing, contrasting and hypothesizing,
intersecting and communicating information.

e treat inquiry as a process that is individually constructed by each student based on his or her
interaction with the physical world and abstract ideas (Keys & Bryan, 2001).

Geological reasoning

e address part of the AAAS Benchmark “Water shapes and reshapes the earth’s land surface by
eroding rock and soil in some areas and depositing them in other areas...”.

e focus on slow landform change and small, steady processes involved in erosion and the
relationship between erosion and related processes and landform changes.

e promote an emphasis on geomorphological science that remains fundamentally interpretive
rather than experimental, focusing on observational, comparative, categorical inferences and
causal interpretation (Ault, 1991).

e involve observation of natural/representative phenomena and exploration of processes to
examine landform features to promote reasoning about how they were formed.

One of the most important steps in the Enactment phase is to attempt to link theory to practice
through operationalizing selected cognitive theory or theoretical conjectures into instructional
strategies that ultimately manifest as features of the technology learning system. Once the team had
clarified the learning targets, research questions, cognitive theory and related theoretical
conjectures operationalized through the aligned system/research design statement, we began to
embark on the detailed design of the system to allow for evaluation and testing.

Conceptual design

In the GO Inquire system, the system and research design involved investigating how teachers and
students intersect observational inquiry and reading-writing processes when engaged in geological
inquiry based on current theory and practice. To articulate our initial design schema, we first derived
a content, process and data elements to articulate the basic elements of the system (see Photo 2).
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Photo 2: Geomorphologist working with teacher design researchers

Through the participatory design and formative evaluation process, this basic system began to
expand and change as we conceptually designed and described the flow and process of the
geological observational inquiry experience modeled on our experience in the field with the scientist
and the teachers’ input on what would work in the classroom. This elaborated inquiry process model
or flow of learning task was elaborated into a more detailed interface design described below and
expanded our understanding of how learning may occur in this context.

Detailed design
The next step of the GO Inquire project enactment phase was to build the detailed design and
interface that reflected our key characteristics or design principles represented as the following and
aligned with corresponding visible (some not visible) features of the user interface (see Figure 3):
e guide students through a place-based, structured geological inquiry learning experience
through a performance support system customizable by teachers in different languages (see
Figure 2).
e enhance visual perception and analysis of geological features in their local environment to
document and reason about erosion processes:
- to visually identify, upload and “stamp” features of geological phenomenon (e.g. high/low,
steep/shallow, loose/intact) (see A).
e guide students to integrate reading and writing with observational geological inquiry including:
- explicating student prior knowledge by generating questions about their geological
environment through an inquiry question bank (see B).
- defining geological terms through reading other sources, summary writing, locating
representative visuals and citing sources (see C).
- identifying and justifying visual selection of geological features of the landscape related to
erosion processes (e.g. why chose selected area as the high or low point of the landscape,
etc.) (see D).
- monitoring their own and synthesizing peers insights and reasoning about geological
processes in their local landscape (see E).
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Figure 2: GO Inquire system interface

Our chain of reasoning is reflected in the embodiment and progression of these key characteristics,
corresponding interface features and more complex research questions that evolved across ILDF
phases as represented across the columns of Tables 1 and 2. The prototype provided enough
functionality to begin to test it with elementary students in the next phase of the ILDF to begin to
formatively evaluate its local impact.

4. Local impact phase

Once a physical prototype exists, it allows for formative evaluation and further testing of the
theory/system to inform further understanding of the enacted learning phenomenon. The GO Inquire
team was able to evaluate the system as well as begin to identify what learning variables might
emerge in this experience. We initially focused on usability criteria of the system and how the
teachers and students carry elect to use the system. Typically, this phase involves local, iterative,
small scale testing of the impact of the system in the classroom or with individual students. In the
GO Inquire project, we employed multiple cycles of formative evaluation including usability testing,
one-to-one, small group and field trial testing, although, we only describe the major cycle here given
space demands.
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Formative evaluation testing

We formatively tested the GO Inquire system with a purposive sample of two teachers and 20
students in a group-based activity with an entire class in a bilingual Spanish-English elementary
school in the U.S as we wanted to see if the system was customizable for use with two different
languages as two of the research team members were bilingual (see Table 2, end of chapter). The
two teachers were interviewed concluding the session. This evaluation cycle modeled Gillham’s
(2008) semi-structured observation approach “...where we are after insight into the practicalities of
learning a procedure. There will be hints and clues from the successes and difficulties of those using
the software; and we can ask them what they found useful or not, as the case may be, in the form of
training they were given (p.33).” The 60-minute class session was videotaped and analyzed over
multiple review sessions for problems and successes according to Gillham’s approach and log files
or raw record of what students entered in the system was also analyzed to see if students could
appropriately identify visual geological features (Kuniavsky, 2003).

In the whole classroom testing, the bilingual teachers were provided a lesson plan guide in English
that included prompting for student questions about geology that they translated in Spanish, then
the class examined photographs uploaded by the teacher of their local playground to look for
evidence of erosion for collaborative analysis in the classroom. Our formative evaluation questions
and focus were related to how teachers would introduce, guide and react to the lesson plan as well
as usage of the system and how students would interact and perceive the system in the teams of
two or dyads as well as what information did they enter into the system. Research questions,
methods and corresponding results are reported in Table 2 (end of chapter).

After several cycles of formative evaluation (the evolution of one aspect of design criteria described
below), and adjustments to the system and teacher lesson plan were implemented (see local impact
and broad impact column of Table 1 (end of chapter) for other progressive changes in key
characteristics and features). Based on the successful implementation, our theoretical conjectures
about geological observational inquiry were expanded to incorporate collaborative, dyad interaction
and students building on other students input to promote higher level reasoning about geological
phenomena. As an example, one outcome and revision of the formative evaluation cycle highlighted
the excitement expressed by the students in seeing each other's comments resulted in an
improvement or addition of a system feature to display where the student who made the comment
had placed their stamp as well as adding a feature allowing students to cut and paste important
ideas/words from other's comments intersected with their own to write a summary of the discussion.
This promoted the progressive evolution of one key design criteria to include monitoring, clarifying,
and synthesizing peer’s reasoning (not just their own) further connecting scientific inquiry and
reading which could be viewed as similar to scientists reviewing, summarizing and integrating
colleagues work and observations with their own. The next broad impact phase of the ILDF
permitted these and lesson plan changes to progressively embark upon broader and more rigorous
testing of the system through applied and empirical research.

5. Broad impact/assessment phase

The purpose of the broad impact or assessment phase of the ILDF is to further test the theory and
system through cycles of qualitative and/or quantitative research. The GO Inquire project at this
phase included a broader audience sampling, qualitative as well as mixed method study cycles. Due
to space limitations of this chapter, the reader is referred to reporting of the actual cited studies for
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extensive detail however, the main questions, methods and results are reported in Table 2 (end of
chapter) of a portion of the studies conducted during the six-year cycle. The outcomes of this phase
include an improved understanding of the contextual factors that may influence learning while using
the system as well as enhanced conceptualization of the key variables in intersecting literacy
processes with learning in geological observational inquiry. A progressive scaling up process of
testing of larger and larger groups would also be appropriate for this phase that may include a multi-
method, multi-site confirmatory study sequence, however only the outcomes of four empirical study
cycles are reported here that were carried out in a single dissertation study (Martinez, 2008).

Mixed method quasi-experimental study

Martinez (2008) conducted a study using the GO Inquire system implementing an instructional
model (called INSCIREAD) that intersects overt cognitive strategies used in both scientific inquiry
and reading comprehension in an inquiry-based instruction experience using GO Inquire. The study
involved 57 fourth grade students including eight with a range of emotional and learning disabilities.
The intervention involved a six-day sequence of activities involving use of the GO Inquire system
and explicit instruction in inquiry-based scientific text content and comprehension-fostering cognitive
strategies that may overlap in reading and science (e.g. self-monitoring-asking questions, clarifying
understanding, selecting important information, synthesizing and questioning).

In this study, the dependent variable comprised a text recall protocol under baseline conditions with
no intervention and the independent variable was exposure to the intervention of the instructional
model INSCIREAD that included exposure to the GO Inquire system. The groups all read 15 daily
texts and each group progressively advanced from baseline conditions to intervention. Results
indicated that the first group without disabilities (N=17) improved their mean scores of daily text
recalls by 55.20% from baseline, the second group without disabilities (N=14) improved their scores
by 3.3% and the third group without disabilities (N=18) by 4.13%. For those students with
disabilities, the first group (N=4) improved their mean scores by 26.32% compared to baseline and
the second group by 24.50% demonstrating some documented evidence that the GO Inquire system
and INSCIREAD approach improves scientific text recall.

This study also examined science text recall or the ability to comprehend written science text related

to slow landform changes by water after using the system as well as determined level of generated

questions and misconceptions as well as student awareness of the relationship between science

and reading. Results showed that some change but not statistically significant change in text recall

between the treatment and control groups of students without disabilities. However, a higher level of

questions were generated from pre to post test in the treatment group that was statistically

significant among students without disabilities compared to the control group. The content of some

of the student misconceptions analyzed proved very interesting as summarized below for example

students demonstrated the following misconceptions or misunderstandings revealed by working in

GO Inquire:

e The path the river follows was there before there was water.

e Processes of accumulation rather than erosion contributed to the formation of the Grand
Canyon.

e Catastrophic and magical reasoning about landform change.

e Erosion as a completed rather than ongoing process.

e Unless it was raining, erosion did not take place.
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All students understood that water moves from high to low based on gravity but some students
confounded information from other science topics with erosion including concepts about the water
cycle, rock cycle, water pressure, and plate tectonics. These insights into student misconceptions
and conceptual confounding provided an important basis for further revisions of the system and
implementation plan.

6. Theoretical yield of GO Inquire design research study
The theoretical yield of the multi-year, multi-method GO Inquire design research effort included
insights such as:

e Teachers and students can successfully connect and carry-out observational inquiry in
geosciences with an improved awareness of the connection between science and reading.
Working mechanism: scaffolded observational inquiry process combined with overt instruction
in reading/science inquiry strategies.

e After engaging with the GO Inquire system and lesson, students produced higher level
questioning, targeted visual identification of geological landform change, and collaborative
geological reasoning. Working mechanism: directed student-generated questioning, capture
and analyze photographic evidence of erosion and explicate reasoning how erosion may have
happened based on landform elements.

e Students can be prompted to visually identify geological landform change in their environment,
demonstrate a reduced number of misconceptions about geological processes and improve
their scientific text recall after using the GO Inquire system. Working mechanism: collaborative,
focused observational inquiry in local context and synthesis of reasoning through reading and
writing in Wiki-like interface.

e Teachers vary in their understanding of inquiry-based teaching often with definitions that are
primarily interpreted and limited to “hands-on” learning in science. Working mechanism:
scaffolded, customizable, geological inquiry process embedded in Web-based interface.

e Upper elementary students are motivated to participate in collaborative observational geological
inquiry particularly in their local school environment. Working mechanism: ability to see peer
comments/visual identification and reasoning about familiar landscape induced excitement and
motivation in using the GO Inquire system.

e Students can visually identify instances of erosion in their environment and begin to reason
retrodictively about geological processes such as erosion, deposition and transportation when
cued to do so in a structured experience. Working mechanism: breaking down the visual
retrodictive reasoning about erosion processes (e.g. high/low, steep/shallow, etc.) based on an
accessible process modeled by a geomorphologist.

e Students can individually and collaboratively articulate geological reasoning about erosion
processes and landform change while intersecting their own ideas with their readings and with
their peers. Working mechanism: employing reading/writing to generate scientific questions and
definitions as well as synthesis of geological reasoning in a collaborative environment.

e Students connect cognitive reading strategies and learning science in observational inquiry
through posing questions, self-monitoring, clarifying understanding and selecting important
information in the INSCIREAD teaching approach. Working mechanism: overtly teaching
questioning and self-monitoring in an observational geological inquiry experience can connect
reading and science for students.
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e Upper elementary students confronted misconceptions about geological concepts based on
confusion of processes, other scientific phenomenon recently taught and incorrect
understanding of terms. Working mechanism: collaborative use of the GO Inquire system and
integrated teaching and use of reading/writing strategies in an observational inquiry experience
can reduce misconceptions.

7. Conclusion

The GO Inquire case of design research provides an example of a multi-phase, multi-method
investigation involving applied and empirical cycles of research that yielded multiple insights across
teacher, student and researcher understanding and practice of supporting geoscience education
and intersecting reading and science. It is hoped that this study will provide some guidance for
design research investigations based on the ILDF for other researchers embarking on similar
complex, intense investigations.

* This research was based upon work supported by the U.S. National Science Foundation under
Grant No. #0238129. Any opinions, findings, and conclusions or recommendations expressed in this
material are those of the authors and do not necessarily reflect the views of the National Science
Foundation.
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Table 1: Key characteristics/design criteria and features of GO Inquire added by progression through four phases

Informed Exploration (IE)
(Year 1)

Enactment-Detailed Design (DD)

NS

(Year 2-3)

9

Local Impact (LI)
(Year 3-4)

N2

Broad Impact (BI)
(Year 5-6)

Key characteristics/
design criteria
(progression, gradual
improvement and
refinement/
specification of
design based on
research outcomes
across phases/
columns)

e Guide teacher-student
observational inquiry
in geosciences
(associated with Table
2: |[E Phase #1,3,6
research results)

e Integrate science-
literacy inquiry
processes (associated
with Table 2: |IE Phase
#4) research results)

e Prompt students to
notice natural
geological processes
(associated with Table
2: |E Phase #2 research
results)

e Prompt student
generated, open-
ended questions
(associated with Table
2: |E Phase #4,5,6
research results)

e Reduce
misconceptions in
geosciences
(associated with Table
2: |[E Phase #2 research
results)

Guide students to analyze
landscape for evidence of
erosion in place-based
inquiry experience
(associated with Table 2: DD
Phase #1 research results)
Provide accessible model of
visually identifying examples
of erosion processes,
landscape features and
qualities of materials
(associated with Table 2: DD
Phase #2 research results)
Prompt students to connect
reading and science inquiry
through activities such as to
define terms, generate
guestions, describe erosion
processes through reading,
synthesizing and writing
about erosion processes
(associated with Table 2: DD
Phase #1,2 research results)
Prompt students to articulate
their reasoning about erosion
processes (associated with
Table 2: DD Phase #2 research
results)

Prompt students to
review their peer’s
responses to visually
compare and consider
or reconsider their own
reasoning about erosion
processes similar to
scientist’s reviewing
each other’s chain of
reasoning (associated
with Table 2: LI Phase #1,
2,3,4 research results)
Parallel use of cognitive
strategies in inquiry-
based science and
reading comprehension
of scientific text
(associated with Table 2:
LI Phase #5, 6 research
results)

Explicitly teach strategies
of questioning and self-
monitoring in both
science and reading
incorporated with use of
the GO Inquire system to
increase science text
recall, combat
misconceptions and
promote awareness of
parallel inquiry strategies
in reading and science
(associated with Table 2: Bl
Phase #1a-d research
results)

Promote student
generation of questions,
search for answers to
guestions in scientific
text, monitor
understanding, clarify,
synthesize, review peer’s
answers and self-monitor
reading and reasoning.
(associated with Table 2: Bl
Phase #1c research results)
Promote collective rather
than individual meaning of
text(associated with Table
2: Bl Phase #1d research
results)
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Table 1: Key characteristics/design criteria and features of GO Inquire added by progression through four phases (continued)

Informed Exploration (IE)
(Year 1)

Enactment-Detailed Design (DD)

(Year 2-3) NS

9

Local Impact (LI)
(Year 3-4)

N2

Broad Impact (BI)
(Year 5-6)

e Allow teachers to
customize an
accessible, inquiry
experience for
students (associated
with Table 2: |IE Phase
#1,3,7 research results)

Create Spanish and English
prompts for use in bilingual
school settings (associated
with Table 2: DD Phase #3
research results)

Promote awareness of
parallel inquiry strategies
in science and reading
comprehension
(associated with Table 2: Bl
Phase #1bresearch results)

Specific features of
GO Inquire system
Implementing key
characteristics/
design criteria stated
above

Web-based performance
support system to walk
teachers and students
through structured
observational inquiry
experience related to
geoscience

Identify and digitally photograph
evidence of erosion in local
context or playground

Upload digital evidence of
erosion into GO Inquire system
Visually identify geological
features (e.g. high point and
low point, loose or intact
materials) of the landscape in
the digital photograph with
digital stamps

In English or in Spanish, write
definitions of geological terms
with readings outside system,
and/or contribute photographs
representing terms

See peer’s responses to all
features described above in a
Wiki-like interface

After identifying and
reasoning about erosion
processes, view peers’
visual stamps and
reasoning to more deeply
consider or reconsider
their own reasoning
Added Super Dictionary
Added Super question
Bank

Added Synthesis Page
Added view of peer’'s
comments with placement
of stamps

Teacher modification of
photographs, sequence of
pictures, stamps and
synthesis

Created a 6-day
instructional model an plan
(INSCIREAD) incorporating
GO Inquire system
addressing the intersection
between inquiry-based
science and reading
comprehension in teaching
geosciences content about
erosion processes

Named self-monitoring and
questioning strategies for
students view
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Table 2: Overall research questions, methods and results by phase

Informed Exploration (IE)

Enactment-Detailed
Design (DD)

Local Impact (LI)

Broad Impact (Bl)

Overall research
questions by phase

What is the area of need or
state of the problem in
intersecting science and
reading processes in
geoscience inquiry-based

What would a technology-
based system guiding
teachers and students
through an inquiry-based
experience connecting

How do teachers and students

use and perceive the GO

Inquire system?

e How do they connect and
carry out observational

(Martinez, 2008)

1a.

Does the use of GO
Inquire and explicit
instruction of scientific
text content and

instruction? science and literacy related inquiry and reading-writing comprehension
to noticing erosion processes in a structured strategies of questioning
processes include? experience about landform and self-monitoring in
change? the INSCIREAD
e How do students instructional experience
geologically reason when have an effect on
asked to identify and use science text recall or;
retrodiction to investigate 1b. awareness of
erosion processes in their interdependence of
local environment? science and reading;
1c. level of generated
guestions; and
1d. number of scientific
misconceptions?
Methods/study 1. Needs analysis 1. Participatory design Formative evaluation: usability | 1a. Single subject multiple
cycles 2. Literature review 2. Identify learning targets | of lesson integrated with baseline across groups
3. Expert interviews 3. Operationalize learning | system, classroom (57 fourth-grade
4. Classroom observations targets in detailed observation, log file analysis bilingual students — 8
5. Teacher Interviews design and teacher interviews in with special needs)
6. Teacher survey/concept diverse, bilingual school setting | 1b. Qualitative interviews

maps
Characterize audience

(2 teachers, 20 students)

1c.

(13 students randomly
selected from the 57
students described
above)

Single subject multiple
baseline across groups
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Informed Exploration (IE)

Enactment-Detailed
Design (DD)

Local Impact (LI)

Broad Impact (Bl)

(57 fourth-grade
bilingual students)

1d. Semi-quantitative
analysis of number of
scientific misconceptions
(49 fourth grade
bilingual students)

Results

1. Lack of teaching materials
in geosciences

2. Little understanding of how
children understand
geologic processes like
erosion.

3. Teachers and children
need support in this area

4. Teacher understanding of
inquiry and intersecting
science -reading limited

5. Inquiry perceived as
“hands-on” activities
primarily

6. Teachers broader definition
of inquiry after participating
in design research, student
open ended questions in
inquiry was important

7. Elicit teacher practical
knowledge/needs

1. Observe and capture
geomorphologist inquiry
process of visually
reading landscape and
retrodictive reasoning
about erosion

2. Engage in observational

geological inquiry,
define geological terms,
identify and describe
erosion processes and
features to peers, infer
and reason how change
occurred (retrodiction)

3. Several Teacher-

designers and
stakeholders offered
perspectives from a
bilingual school setting

1. Students in a bilingual
school setting recognized
imagery of their local
playground

2. Students able to visually
identify geological features
with stamping in dyads

3. Teachers felt system
motivated students to
more closely observe and
felt they spent more time
on task, with significant
collaboration with each
other

4. Teachers felt need to
more explicitly direct
attention to geological
features during
introduction

5. Reading other student
dyad responses provoked
much interest

6. Didn’t use the question
and dictionary bank
extensively

1a. From baseline to
treatment, students
improve their mean
score of text recall

1b. Students were able to
make connections
related to content and
strategies in both
science and reading

1c. Teaching and prompting
questioning and self
monitoring in an
integrated science-
reading inquiry
experience
demonstrated higher
level of generated
questions post
intervention.

1d. Significant reduction in
number of geosciences
misconceptions
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7. Fostering science comprehension,
vocabulary and motivation in English
language learners: A design research study

Ana Taboada Barber

Abstract

In this study we assessed the outcomes of two alternative interventions (reading comprehension
and vocabulary instruction in the content area of science) on Grade 4 English Language
Learners’ (ELLs) reading comprehension and science vocabulary. Using an Educational Design
Research (EDR) approach we explored how modifications to the Contextualized Vocabulary
Instruction (CVI) and to the Intensified Vocabulary Instruction (IVI) interventions influenced
quantitative findings on the effects of both interventions. Qualitative data obtained from
researcher-teacher debriefs and observations guided the changes made to each intervention.
These modifications, while guided by our pedagogical goal, led to stronger interventions that
more explicitly gave the quantitative results on vocabulary and comprehension obtained at the
end of the study. Our quantitative findings indicated that CVI had stronger benefits for students’
science comprehension and student engagement, while 1VI resulted in stronger short term
vocabulary gains. The quantitative findings shed light on implications for literacy practices for
ELLs, but more refined guidelines for these practices could be based on our qualitative results
and the modifications allowed within the framework of EDR.

1. Introduction to the problem

As discussed in the first part of this book, Educational Design Research (EDR) is a systematic
research approach that aims to design, develop and evaluate educational interventions as
solutions for complex problems in educational practice (Plomp, 2010). As a researcher in the
fields of literacy and educational psychology, at the time | first approached our study using EDR
in 2009 (Taboada & Rutherford, 2011), | had already considered alternative research designs
for the problem and questions at hand. Specifically, my research interests include the
development of effective literacy interventions for students who come to the United States as
the children of immigrants and who learn to speak English while attending US schools. This
population of students in the US includes individuals who come from a language background
other than English (80% Spanish) and whose English proficiency is not yet developed to the
point where they can profit fully from English-only instruction. As a group they are broadly
denominated English-language learners (ELLs; August & Shanahan, 2006). The demographics
of ELLs have grown exponentially higher (169%) than that of the general school population
(12%; Francis, Rivera, Lesaux, Kieffer, & Rivera, 2006) in the USA and reports indicate that
they consistently fall behind their English-speaking peers on literacy (reading and writing)
indicators. For example, recent results from the National Assessment of Educational Progress
(NAEP; National Center for Education Statistics, 2011) indicate that 71 % of English language
learners (ELLs) and 36% of Latino Grade 8 students scored at the below-basic level in reading
compared to only 15% of their White native English-speaking counterparts (National Center for
Education Statistics, 2011).
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It is well known that most ELLs in the US confront an educational challenge where they must
study and be tested on grade-level of content based curricula in English at the same time that
they are learning that language.

This is difficult for the students and for their teachers, few of whom have had specific
professional development on effective approaches to students who are not proficient in the
language of instruction (e.g., Francis & Vaughn, 2009). The scenario for ELL students is further
complicated when they reach or enter US public school systems in the late elementary-grades
or beyond, once a large number of their English native speaking peers have already developed
"reading to learn skills" in the early grades. At this juncture, ELLs need to learn both the
language and literacy skills necessary to succeed in English as well as the content knowledge
to perform on a variety of standardized measures in content areas. Furthermore, this knowledge
needs to develop successfully to allow ELLSs to function productively in an increasingly
specialized knowledge-based economy.

The complexities of the educational scenario for literacy development in the content areas for
ELLs prompted me to embark on a research trajectory that considered multiple research
designs (i.e., experimental, quasi-experimental and naturalistic/descriptive) to explore both the
cognitive and motivational variables affecting ELL’s literacy development as well as potential
interventions to support and enhance their learning. EDR has provided my co-author and myself
with a flexible, yet rigorous research methodology to tackle the complexities of developing a
literacy intervention in science for Grade 4 (8-9 years old) ELL students (Taboada & Rutherford,
2011).

The principles of EDR (as discussed in Plomp & Nieveen, 2010 and in Reinking & Bradley,
2008) allowed us to approach the complex problem of late elementary ELLS' literacy in the
domain of science through two innovative interventions. EDR provided a framework to compare
two interventions with the goal of learning about the components that constitute the most
effective practices for achieving specific literacy outcomes. Our primary pedagogical goal
consisted of learning about the best combination of instructional practices to support the reading
comprehension and academic (science) vocabulary of grade 4 ELLs of intermediate English
proficiency. Furthermore, because motivation to read is an essential component of literacy
development with ELLs, our secondary pedagogical goal was to explore students' perceptions
of teacher supports for reading motivation and whether these were related to student
engagement in science. These two goals were captured in the following research questions:
What constitutes a sustainable set of practices to enhance the science reading comprehension
and vocabulary of grade 4 ELLsS? To what extent do grade 4 ELLs perceive teacher efforts to
support their autonomy in reading? Do these perceptions relate to student engagement in
science reading? What modifications to the intervention mostly contribute to inform our
quantitative findings?

In addition to the flexibility of collecting data during the intervention and making the necessary
modifications to it, EDR provided us with a framework that allowed examining nuanced
components of instruction (e.g., implicit versus explicit instruction of science vocabulary) to test
ingredients of a specific intervention to impact specific outcomes. To achieve the pedagogical
goals we, first, embarked in a preliminary phase in which we developed two instructional
approaches grounded in previous literature that focused on science content through the use of
interesting texts. In line with the design of other formative experiments (e.g., Reinking &
Watkins, 2000), two alternative interventions were preliminary developed in this study because
we were interested in comparing the specific instructional components that could differentially
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impact the development of academic language (i.e., reading comprehension and academic
vocabulary) in ELLs. Second, in a design or development phase, we checked for essential
components within each intervention.

In a third phase we implemented the two theory-driven interventions and allowed teacher
adaptations and modifications to the practices proposed in the original prototypes to inform data
cycles. These modifications will, we hope, contribute to the literature on literacy practices for an
ELL population.

In a fourth, or assessment phase, we reflected upon and assessed the modifications made and
integrated them into specific guidelines to inform future research. We describe our study in
relation to these four phases in the rest of the chapter.

2. Development of our conceptual framework

It was clear to us from the experience in the schools where we conducted our study, and from
the literature on literacy for language minority students that the context and problems we faced
were complex and multifaceted to warrant the use of a flexible and yet systematic approach to
data collection. We strived to develop a successful intervention and to extract useful design
principles for other researchers and teachers. To restate our pedagogical goal was to facilitate
fourth-grade ELLs’ reading comprehension, academic vocabulary, and motivation to read in the
content area of science. Our goal was based on the need to develop academic language skills
in ELLs (e.g., Bailey, Huang, Shin, Farnsworth, & Butler, 2007; Francis et al., 2006; Scarcella,
2003) and on, what, at the time, constituted only emerging empirical knowledge on the reading
comprehension and text-level skills of second-language learners (for a review see Lesaux,
Koda, Siegel, & Shanahan, 2006). Our theoretical background came from three main areas of
research: (1) reading comprehension for language minority students and ELLs; (2) two
empirically driven positions in relation to vocabulary instruction, explicit (e.g., Nation, 2001) and
incidental (Nagy, Herman, & Anderson, 1985), which serve as the major contrast for the two
interventions developed in this study; (3) reading motivation and its implications for reading
comprehension (e.g., Guthrie, Anderson, Alao, & Rinehart, 1999). We briefly present each of
these areas next.

Reading comprehension for ELLs and language minority students

By the time we started our study in the Spring of 2009 several empirical studies and at least one
national report had indicated that although there was a quite a broad literature on the
development of ELL's word level reading skills in early reading, much less was known about
their reading comprehension development, and even less about effective interventions to
support comprehension in later elementary grades and beyond. In particular, the National
Literacy Panel on Language-Minority Children and Youth (NLP; August & Shanahan, 2006)
found only five studies that examined reading comprehension performance of language minority
students compared to that of their monolingual, native-speaking peers (Lesaux et al., 2006). An
overall finding arising from this limited number of studies was that the reading comprehension
performance of language-minority students did not appear to develop to the same extent as that
of their native-speaking peers (Lesaux et al.). At that time, a few intervention studies addressed
comprehension instruction through either cognitive strategy instruction (e.g., Jimenez, 1997;
Klingner & Vaughn, 1996; Padron, 1992) or through descriptive approaches that compared
ELLs and/or language minority students in terms of their comprehension skills (e.g., Garcia,
1991; Jimenez, Garcia, & Pearson, 1996). However, the majority of intervention studies on
second language students' comprehension in the US up to the time of our study had focused on
vocabulary instruction, not always including other dimensions of reading comprehension such
as cognitive strategy use. Despite the limitations in the extant literature at the time, we learned
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quite a bit on vocabulary instruction for ELLs that helped frame our conceptual framework for
the study.

Vocabulary instruction

Research on the teaching of vocabulary in English-speaking countries has described vocabulary
instruction as explicit and incidental.

Under the explicit instruction perspective vocabulary words are specifically targeted for
instruction, and they are presented through multiple exposures within rich language contexts
where word awareness is created through the explicit focus on target words (e.g., Beck, Perfetti,
& McKeown, 1982; Blachowitz & Fisher, 2006; Carlo et al., 2004). In our study, the Intensive
Vocabulary Instruction (IVI) intervention was developed following research within the explicit
instruction approach.

Alternatively, the incidental vocabulary learning hypothesis purports that students learn words
from context and develop their vocabulary and academic knowledge through multiple reading-
related experiences (Nagy, 1985). Under this hypothesis incidental word learning takes place in
small increments through repeated exposures to text and word learning from context is the main
mode of vocabulary learning. Amount and frequency of reading are key determinants of a
students' vocabulary growth (Nagy et al., 1985). The Contextualized Vocabulary Instruction
(CVI) intervention was developed following the principles of the incidental vocabulary learning
hypothesis.

Reading motivation and comprehension

Research over the last decade has repeatedly emphasized the impact and contributions of
motivation and engagement variables to the development of short-and long-term reading
comprehension (Guthrie & Wigfield, 2000; Guthrie et al., 2004). By the time of our study there
had been only a few instructional interventions which had successfully impacted comprehension
and reading motivation in monolingual students (e.g., Guthrie et al., 2004; Wigfield et al., 2008)
and even fewer that had explored reading motivation for second language learners (e.g.,
Arzubiaga, Rueda, & Monzo, 2002; Unrau & Schlackman, 2006). This gap in the literature
prompted us to explore a specific teacher support for reading motivation - teacher autonomy
support - and its relation to student engagement. Specifically, we examined if the two forms of
autonomy support, provisions of academically meaningful choices and teacher rationales for
topics and activities (i.e., relevance), were offered with sufficient frequency that they were
perceived by students during instruction (i.e., students reports of teacher instances of supports
for autonomy and relevance). We then examined if students' perceptions of the frequency of
these practices related to student engagement in reading.

Conceptualization of our study: The two instructional interventions

The theoretical framework derived from the three areas of literature that framed our study led us
to conceptualize and then develop the two interventions that were then compared and refined
with formative data. Each of these are described in detail in the published manuscript (Taboada
& Rutherford, 2011) but we briefly described them here.
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Contextualized Vocabulary Instruction (CVI)

The CVIl instructional framework was based on practices drawn from the reading engagement
model (Guthrie et al., 2004) with attention to cognitive strategy instruction, conceptual
development, and student autonomy support.

Reading strategies included activating background knowledge, student questioning, graphic
organizing, and comprehension monitoring.

The two main classroom practices to enhance students’ autonomous learning and reading
included fostering relevance and providing meaningful academic choices (e.g., of books,
subtopics, strategy to use, etc.). Fostering relevance consisted of a positive perception of
learning by having the teacher explain the reasons behind the learning of specific strategies,
concepts, and topics. Key concepts in science were introduced as the “anchors” for a topic.
Extensive reading of trade books in science (i.e., commercially available books instead of
textbook) were key to CVI and to the teaching of comprehension. Academic vocabulary was
taught in an implicit way, where students learned word meanings while reading and using
comprehension strategies. For example, words such as camouflage, endangered, and nocturnal
were learned while asking text-based questions or while working on group-graphic organizers
on animal survival. Vocabulary was contextualized because students' would focus on new
words in the context of their reading with teacher support, rather than learning these explicitly
before or during reading.

Intensified Vocabulary Instruction (IVI)

This intervention was developed on the basis of explicit instruction of academic vocabulary, with
a focus on selected target words taught in rich language contexts with a goal of developing word
awareness (Blachowitz & Fisher, 2006; Carlo et al., 2004; Graves, 2006). One hundred and four
(104) target words were identified for explicit instruction during the 8 weeks of the intervention,
with an average of 13 words taught per week. Words were selected according to their centrality
for key concepts previously identified. Flashcards with vivid photos of a word on one side and
definitions on the other were used to teach words explicitly before and during reading. In
addition target words were included in poems that students practiced to develop reading fluency
and word learning. Students in IVI were afforded limited choices such as choice of partners to
work with and locations of where to work in the classroom. Intentionally, we did not embed
cognitive choices and relevance as practices in IVI given that our goal was to determine
whether the frequency of these practices related to students’ motivation for reading. The same
expository and narrative trade books were used in CVI and IVI.

The development of the two interventions for Grade 4 students consisted of (a) pre-selection of
science trade books for 8 weeks of instruction (length of the intervention); books were selected
according to the two reading levels of the participating students (below and on-grade level) so
as to have readability levels that required teacher support for comprehension and vocabulary
instruction; (b) providing teachers with 8 week worth of lessons for each intervention; (c)
explanations for teachers on the rationales and emphases for instructional activities in the
lessons and theoretical background for each intervention. Specifically teachers received a
detailed description of the instructional model with lesson plans and student materials (activity
charts, flashcards, books, overhead transparencies, etc.) designed by the researchers.
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3. Development phase

Once we had gone through a first stage of development of the two theoretically-driven
interventions we moved onto a second screening phase (Plomp, 2010). During this screening
phase the authors checked for essential components within each intervention vis a vis the
hypotheses behind each of them.

For example, the researchers checked that in CVI reading activities were consistently
characterized by extensive reading and use of strategies and that vocabulary words were
related to the key concepts being emphasized.

Similarly we checked that in IVI vocabulary activities were varied along principles of sound and
explicit vocabulary instruction but that emphasis on comprehension strategies was only serving
vocabulary learning rather than other dimensions of comprehension.

Having developed the intended materials, we focused on the process of teacher selection. As
key respondents during the implementation phase it was important to have clear criteria for
teacher selection. We approached a local small school district which was known for a high
incidence of ELLs and whose teachers have voiced the need for professional development to
teach literacy and science in an integrated, efficient way. After meeting with the literacy
specialist of one the elementary schools in the district, we asked her to select two teacher
volunteers whom she thought could function as mentors to other science teachers after
participating in the study. The two volunteer teachers were science teachers new to literacy
instruction who volunteered to participate within the six science teachers in the school. The
teachers were comparable in terms of their teaching experience, and had an average of 5to 7
years of teaching science in the elementary grades. Both teachers had at least 3 years
experience teaching science to ELLs of different English proficient levels in whole classroom
settings. However, neither teacher had used literacy practices to enhance their teaching of
science content.

After this second phase, the study entered into the "expert appraisal" phase (Plomp, 2010) in
which we spent two half days with each of the teachers to provide opportunities for them to
react to the materials and lessons, and the premises or hypotheses behind CVI and IVI
respectively. At the end of each half-day each teacher watched segments of lessons on video
for each intervention and reacted to specific practices guided by researchers' questions. These
questions were geared at essential components of each intervention. Example questions
included: "You saw this other teacher on the video teaching questioning as a reading strategy-
Did you notice how she led students to include bolded (text) words in their questions after
reading? Why would you say she chose to have students use bolded words in their questions?"
The CVI teacher, Theresa, explained that this was a good example of teaching new vocabulary
words embedded in the questioning strategy. Similar probing questions after and during
watching previous lessons were posed to Vivian, the VI teacher.

Researchers with expertise in EDR recommend establishing quality criteria for evaluation of the
intervention at different stages. The two quality criteria that guided the development and
implementation phase were relevance and practicality. Under the criterion of relevance we
ensured that each intervention was grounded on previously established scientific knowledge
(Plomp, 2010). Under practicality we expected the intervention to be usable in classroom
settings with ELLs of intermediate English proficiency just like the groups included in our study.
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4. Implementation phase

The two instructional models, CVI and IVI, were implemented during an 8-week period in the
fall, for 35 minutes per day, five days a week in the first period in the morning in one suburban
elementary school in the mid-Atlantic United States. The school is located in an area with a
rapidly increasing Hispanic immigrant population. The ethnic composition of the school at the
time of the study was 43.6% Hispanic, 33.9% White, 12.2% African American, 6.3%
Asian/Pacific Islander, 0.2% American Indian, and 3.7% Other. Twenty students were selected
from a larger pool of Grade 4 students based on English as a second language (ESL) levels.
ESL levels were determined by school/district records using English Proficiency standardized
tests. Students in this study were in their majority of intermediate levels of English proficiency.
That is, they had relatively fluent levels of oral language proficiency and were one to two grades
below in their reading performance.

In addition to the expert appraisal provided by the participating teachers during the development
phase, the first author met with both teachers before and during implementation on a weekly
basis to provide professional development. During these meetings teachers' questions were
answered as they progressed with implementation and feedback from teachers on specific
modifications to each intervention was recorded as field notes. Eight observations were
conducted for each group (once a week) to ensure that the basic principles of each framework
were in place. However, because fidelity of implementation is “the antithesis of formative and
design experiments” (Reinking & Bradley, 2008, p. 21), observations were conducted with the
double goal of (a) providing feedback to teachers as well as (b) to receive feedback on actual
implementation feasibility from teachers. That is, instead of assessing fidelity to the sequence of
the activities presented in the original implementation materials, we asked teachers to bring
their professional judgment on the teaching of science when they deemed it relevant. In this
way, teachers were strongly encouraged to make changes to instruction while taking detailed
notes of the change itself and their specific reason for the change. These notes were used as
"teacher feedback" on implementation. The first author discussed with each teacher the
changes they made and their rationales via semi-structured interviews after each observation.

Observation and teacher interview notes were used as part of the data analysis that helped
determine factors that improved or hindered the interventions. In line with EDR modifications to
each intervention were chronicled during field observations and organized under themes to
capture micro cycles of data collection with formative assessments aimed at improving each
intervention.

5. Assessment phase

We collected both, formative assessment indicators through qualitative data and summative
data through quantitative (descriptive statistics) data sources. | focus first on
summative/quantitative data as these data allowed pre-, during- and post-intervention
comparisons. Qualitative/formative data consisted of modifications to the intervention. As such,
these data served to inform the quantitative results obtained as well as to inform the implications
of an improved intervention.

Types of Data

Summative, quantitative data were collected to assess (a) academic vocabulary, (b) reading
comprehension, (c) expository writing, and (d) teachers’ supports for students' autonomy. Data
for academic vocabulary, reading comprehension, and writing were collected at four points in
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time: baseline or pre-intervention, at 4 weeks into the intervention, at the eighth week of the
intervention and 3 weeks after the intervention.

With the goal of differentiating findings for different readers we examined these data according
to two reading levels (based on school records): at or below the 2.5 grade-equivalent reading
level and above the 2.5 grade-equivalent level. Data analyses for each intervention were
conducted according to these two reading levels. Teachers' supports for student autonomy
(choice and relevance) were collected at eight points in time, three times during baseline (pre-
implementation period; baselines 1, 2, and 3) and five times during the intervention. These
times coincided with the eight observations when qualitative data were collected.

As mentioned, qualitative data consisted of field logs and research briefings from classroom
observations and teacher interviews (questions and feedback).

Detailed descriptions of each of the instruments used for both types of data are included in the
original study (Taboada & Rutherford, 2011).

Findings from CVI and IVI

Findings from our quantitative data were limited to descriptive statistics (group means) due to
our small sample size. Similar to approaches used in single subject designs (Horner et al.,
2005), we compared student performance during the intervention with performance at baseline.
Means for academic vocabulary, comprehension, and writing across four times were compared
for each group. First, we assessed students at baseline or pre-intervention to determine whether
the reading level groups were different from each other to begin with. We found that within each
group (2.5 and below, lower readers, and above 2.5 reading level, higher readers), students had
comparable scores on the academic vocabulary, reading comprehension, and expository writing
measures. With respect to academic vocabulary lower readers were consistently below their
higher-reading level counterparts across interventions. However, across time students in 1VI
showed more steadily growth in vocabulary than students in CVI, and this was evident after only
3 weeks of intervention. Further, by the 8 weeks of intervention the gains in vocabulary for IVI
students were evident for both low and high readers. Students in CVI, in contrast, showed
positive trends in vocabulary growth at all three assessment times after baseline, but were
consistently below their counterparts in IVI. Qualitative data from teacher feedback supported
these findings with the VI teacher indicating the advantages of 1Vl on vocabulary learning,
whereas the CVI teacher indicated some of the challenges of linking vocabulary teaching to
strategies and concepts (i.e., this challenge became a modification to the intervention).

With reading comprehension we also found that across interventions students had comparable
scores with higher readers being slightly above lower readers at baseline and beyond. However,
different from academic vocabulary performance, students in CVI consistently had higher
reading comprehension scores than students in 1VI, both, across the three times and across
reading level groups. Further, the most pronounced difference between lower and higher
readers across both interventions was found at 3 weeks after the intervention, with students in
CVI scoring consistently higher than students in IVI irrespective of their reading status/level.
Qualitative data from observations and two teacher interviews supplemented these quantitative
findings by adding information on CVI students' growing ease with responding to inferential
(rather than just literal) comprehension questions during instruction. This finding could, in part,
be attributable to CVI students marked growth on reading comprehension. In relation to
expository writing, we found once again, that all CVI students showed consistent improvement
from pre- to post-intervention with less of an upward trend for the 1VI students.
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Teacher autonomy-supportive practices were analyzed by examining frequencies of teacher
affordances for choice of partners to work with, academically meaningful choices (e.g., what
section of the book to read; what science concept to display graphically) and supports for
relevance (e.g., explanations and rationales for strategy use). Frequencies of these behaviors
were collected across the eight observations. We found that during the three observations at
baseline neither the CVI nor the VI teacher offered academic choices, but the CVI teacher,
Theresa, had at least two instances of fostering relevance. Changes observed during
intervention indicated that the CVI teacher consistently offered more academic choices than the
IVI teacher and consistently had more instances of fostering relevance than the VI teacher.
However, the actual types of academic choices varied according to the practices fostered in
each intervention. Relevance explanations were also more prevalent in CVI and these
increased over time as Theresa, the CVI teacher, became more familiar with the purpose of the
practice itself. Our last quantitative analyses examined students' perceptions of supports for
their autonomy in the classroom and their reading engagement. On average students in the CVI
condition perceived higher levels of autonomy-supporting behaviors than students on the VI
condition and these had a stronger relationship with students' reading engagement (measured
as teacher reports) for students in CVI than for students in IVI.

Modifications to the interventions

Central to the design of EDR within our study was the gathering of qualitative data (i.e.,
observation notes, interviews. and teacher-researcher feedback loops) that would help us
answer the question of what were the factors that inhibited or enhanced the implementation of
each intervention while trying to achieve the pedagogical goal. We learned as much about the
data itself as from the actual process of data informing changes to the interventions. That is,
before conducting our study we envisioned modifications to the intervention that would proceed
through well-defined cycles and sequential steps that would be derived from data and inform
future instructional steps. However, during the implementation phase of the study we found this
process to be more “fluid” because modifications and changes to the intervention resulted from
a combination of responding to the intervention based on the “intuitive demands of the moment”
(Reinking & Watkins, 2000, p. 399), an examination of research notes from observations and
even more so from the evolving information received from each teacher through interviews. The
confluence of these three data sources led us three main modifications to the interventions: (a)
mode of delivery of vocabulary instruction, (b) mode of delivery of conceptual and strategy
instruction, and (c) provision of academically meaningful choices.

In the original study (Taboada & Rutherford, 2011) we described the nature of each modification
and the degree to which they changed each intervention.

We do not concentrate on them here due to space, however, what is illustrative of our
experience with EDR is that the iterative nature of data cycles allowed changes to the
intervention that helped refine it and derive instructional principles that informed practice and,
possibly, theory about comprehension instruction for students with the characteristics of the
ELLs in this study. For instance, when it came to modifications to vocabulary instruction in CVI
we found out that the degree of explicitness versus implicitness needed to be further defined. If
words were left to be learned directly from text students who did not have comprehension skills
to make inferences ended up not learning the new words. On the other hand, explicit teaching of
all new words in a book or section would border on the explicitness and word-centered
instruction promoted in VI, thus conflicting with the implicit vocabulary hypothesis behind CVI.
This adjustment needed a few observations and interviews with Theresa, the CVI teacher, in
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order to make the changes effective for practice while also not distorting the core principles
behind CVI. Specifically, notes from interview data with Theresa indicated that:

"I am unclear as to whether | should highlight words at the beginning of the lesson, or let
students find them during reading and come ask me about their meaning if this is not in the
glossary. | also struggle as to how to present words in relation to the key concepts and
comprehension monitoring.”

The CVI teacher's inquiries led to changes in instruction. Specifically, after reviewing what the
main science concepts were for the week (e.g., social animals, colonies, animal communities),
the teacher and researcher revised the notion of comprehension strategies as tools to help
students “excavate” text. There was also a long discussion that the ultimate goal of reading was
to help students build conceptual knowledge in science.

Leading the lesson by introducing the core concepts, followed by explicit teacher modeling the
reading strategies for the week and posting target vocabulary words from text, helped the CVI
teacher structure her teaching. Revised lesson plans were put in place in such way that the CVI
teacher had clear objectives for science content, enhancing comprehension and vocabulary
learning. We engaged in a similar iterative cycle with Vivian, the VI teacher, on this and the
other two modifications. These iterative cycles also provided the opportunity to reflect and
establish what dimensions of each intervention were “non-negotiable” or essential components
at the core of each intervention that could not be changed. For CVI these included the explicit
teaching of comprehension strategies and the provision of academically meaningful choices.
For IVI the core elements included the explicitness of vocabulary instruction and alternating
vocabulary activities that kept the focus on word meaning (for a detailed description of
modifications to the interventions please see the original study Taboada & Rutherford, 2011).

All'in all, we believe that it was the systematic analyses of the qualitative data and the reflection
together with each teacher that allowed us, as researchers, further understand the feasibility of
each intervention as well as the summative findings previously described. Had we not have the
iterative data cycles afforded within EDR we, most likely, would have established a direct
relationship between the theoretical principles behind each intervention and the summative
results obtained. In doing so, we would have missed the understanding of the nuances of
instruction within each framework, and, perhaps, most importantly, the how and why certain
components worked, or did not work, would have been lost.

6. Yield from the project

Fostering literacy in English for ELLs has become a necessity for practitioners, policy makers,
and literacy researchers alike. This need is even more prevalent when ELLs are faced with the
challenges of reading and developing knowledge in subject areas where they need to learn
English language structures and content in depth. Researchers have focused attention on the
integration of reading comprehension with subject matter for at least two decades now (e.g.,
Guthrie et al., 2004; Snow, 2002). In this study we approached the integration of comprehension
and vocabulary instruction in the content area of science from two theoretical perspectives that
could be applicable to instructional practices with ELLs of English intermediate proficiency.

The benefits of approaching our study using EDR included having had a clear direction (through
an unambiguous pedagogical goal) while also having the flexibility of exploring modifications to
the interventions through the use of summative and formative data. Our quantitative findings
shed light on implications for literacy practices for ELLs, but these were qualified and expanded
by our qualitative results, which explicitly informed modifications to the interventions.
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First, our quantitative, descriptive results indicated slightly higher results in academic vocabulary
for students in the IVI instructional group, for both high and lower readers. Although CVI
students also showed increasing academic vocabulary across data points for both reading
levels, these were consistently lower than scores for IVI students. However, summative findings
were reversed on reading comprehension, with students in CVI showing marked and higher
improvements in the CVI group for both higher and lower readers. When we examined these
results and looked at item types, we found that CVI students improved in both literal and
inferential comprehension items, whereas VI students improved mostly on the literal items. In
our original study we speculated on the reasons for these differences in comprehension across
the two groups, with a possible explanation being that VI students’ lower comprehension scores
may lie in the fact that instruction led students to be more perfunctory readers due to the lack of
explicit strategy instruction.

By the same token, we reasoned, students in the VI group may have developed a large body of
specific vocabulary (as evident on the vocabulary measures), but when faced with the complex
task of comprehension, vocabulary may have been a necessary but an insufficient condition to
be successful in the task. That is, it is possible that students in VI learned words in more
superficial ways than students in CVI due to the lack of contextualization of these words in a
broader conceptual framework.

Although these are speculative explanations and we are aware that the hypothesis of (more)
superficial learning of words in IVI would have had to be tested over time (e.g., testing for word
breadth and depth at two given time points after the interventions), we recognize that had we
not had the iterative data cycles (i.e., teacher interviews and observations) we would have not
learned about the nuances of both vocabulary and comprehension instruction within and across
interventions. We see this interplay between data cycles of qualitative data as informing design
principles that informed and changed each intervention as these took place over the 8 weeks. A
case in point of a design principle derived from data is how the teaching of vocabulary words
changed over time in CVI. That is, despite the CVI teacher’s, Theresa, initial difficulties with
teaching vocabulary incidentally, after modifications were put in place, we observed a seamless
interplay between strategy and academic vocabulary instruction. We believe that had those
challenges not have been present, informative changes to the intervention would not have taken
place.

7. Lessons learned

Our study led us to conclude that the teaching of specific academic words under both types of
frameworks, implicit and explicit, can be effective depending on context and length of the
intervention. However, we also learned that there were benefits on reading comprehension of
the CVI approach. Also, both quantitative and qualitative findings indicated the benefits of CVI
on students’ perceptions of teachers’ support for student autonomy and their link to reading
engagement. Therefore, we ended up with a multifaceted set of findings that informed
theoretical principles of instruction for ELLs with the characteristics of those in our sample. That
is to say: Instruction that fuses comprehension instruction with incidental vocabulary teaching
and supports for students’ autonomy is conducive to engagement in reading in ELLs in the latter
elementary grades. However, explicit instruction of vocabulary (such as in V1) has benefits for
ELLs’ vocabulary development, at least in the short term. In looking at the longer term, we
would need to explore instructional practices that strike the right balance among strategy
instruction, key concepts, and academic vocabulary in ways that consider both explicit and
implicit instruction.
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In our current work, we are exploring the right balance of these practices by paying specifically
attending to the age of the population of interest (i.e., middle school), English language
proficiency levels, content background knowledge and literacy in both ELLs’ English and first or
home language. We believe that attention to these demographic and educational variables, as
well as to the specific context in which we intend to develop our current intervention is crucial to
succeed in designing interventions that enhance practice and refine theory.
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8. The development of an RME-based
geometry course for Indonesian primary
schools

Ahmad Fauzan, Tjeerd Plomp & Koeno Gravemeijer

Abstract

The aim of this study was to develop and implement a valid, practical, and effective RME-based
geometry course for Indonesian primary schools using design research approach. The research
activities were divided into three stages namely front-end analysis, prototyping stage, and
assessment stage that were conducted in a four year period. The focus of the chapter is to
present detail and rational regarding the three stages. The result of the study was a high quality
RME-based geometry course for teaching geometry at grade 4 in Indonesian primary school
consisted of teacher's guide and student book. In the products lies the local instructional theory
for teaching geometry that was effective for improving pupils' understanding, reasoning, activity,
creativity, and motivation.

1. Introduction to the problem

The study reported in this chapter has been conducted in the period 1998 - 2002. At that time
the quality of mathematics education in Indonesia, especially in primary and secondary
education, was considered poor (see Soedjadi, 1992, 2000), whilst the mathematics learning
and teaching process in the classrooms was dominated by the traditional method (see
Somerset, 1997; Marsigit, 2000). The traditional way of teaching had a negative influence on the
pupils’ attitudes towards mathematics which means that most pupils did not like to learn
mathematics, and that some of them were even afraid of mathematics (Marpaung, 1995, 2001).
This study aimed to explore whether another approach to mathematics education could address
these shortcomings by developing and implementing an exemplary course viz. Realistic
Mathematics Education (RME)-based geometry course, for teaching and learning the topic Area
and Perimeter at Grade 4 in Indonesian primary schools.

The focus of the study was to develop and implement a valid, practical, and effective RME-
based geometry course by applying design research approach. These processes were guided
by the main research question:

What are the characteristics of a valid, practical and effective RME-based geometry course for
learning and teaching th