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Preface

The 11th International Conference on Cognition and Exploratory Learning in
Digital Age (CELDA 2014) was held in Porto, Portugal, October 25-27, 2014. As
with previous CELDA conferences, the purpose was to address the main issues
concerned with evolving learning processes and supporting pedagogies and applica-
tions in the digital age. There have been advances in both cognitive psychology and
computing that have affected the educational arena. The convergence of these two
disciplines is increasing at a fast pace and affecting academia and professional prac-
tice in many ways. Paradigms such as just-in-time learning, constructivism, student-
centered learning, and collaborative approaches have emerged and are being
supported by technological advancements such as simulations, virtual reality, and
multi-agent systems.

These developments have created both opportunities and areas of serious con-
cerns. This conference aimed to cover both technological as well as pedagogical
issues related to these developments. The main topics included:

* Acquisition of expertise

e Assessing progress of learning in complex domains

* Assessment of exploratory learning approaches

* Assessment of exploratory technologies

* Cognition in education

* Collaborative learning

* Educational psychology

» Exploratory technologies (such as simulations, VR, i-TV, and so on)
e Just-in-time and learning-on-demand

e Learner communities and peer support

* Learning communities and Web-service technologies
* Learning paradigms in academia

* Learning paradigms in corporate sector

» Lifelong learning

» Pedagogical issues related with learning objects

* Student-centered learning

vii
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* Technology and mental models
* Technology, learning, and expertise
* Virtual schools and universities

The CELDA 2014 Conference received 78 submissions from more than 20 coun-
tries. Each submission was reviewed in a double-blind review process by at least
two independent reviewers to ensure quality and maintain high standards. Out of the
papers submitted, 25 were accepted as full papers for an acceptance rate of 32 %, 17
were accepted as short papers, and 2 were accepted as reflection papers. A special
issue with elaborated versions of five selected papers from CELDA 2014 along with
a featured article by CELDA organizers Dirk Ifenthaler, Demetrios Sampson, and
Michael Spector has been published in Technology, Knowledge and Learning—see
http://link.springer.com/journal/10758/20/2/page/1.

As with previous CELDA conferences, authors of the selected best papers were
invited to contribute elaborated versions to an edited volume. This book contains
those contributions. The invited keynote speaker at CELDA 2014 was Jan Elen, and
his contribution entitled “Reflections on the Future of Instructional Design” is the
opening chapter (Chap. 1) in this volume. Elen addresses the field of instructional
design as a technological field of inquiry aiming to build on a strong theoretical
base. Elen argues for gathering unobtrusive data in actual settings and using those
data to build an engineering science that can improve based on the systematic review
of data and the construction of a reliable knowledge base.

The remainder of the book is divided in to four parts, each of which was edited
by one of the CELDA organizers. The final chapter is a look forward authored by
the CELDA organizers.

Part I is entitled “A Global Conversation About Competencies and Challenges
for Twenty-First-Century Teachers and Learners,” which was a featured theme of
the conference. There are four chapters in the opening part of the volume that are
centered around the invited presidential panel that opened the conference—that
panel had the same title as this part of the book.

Chapter 2 by Lynne Schrum, Dale Niederhauser, and Neal Strudler is entitled
“Competencies, Challenges, and Changes: A US Perspective on Preparing Twenty-
First-Century Teachers and Leaders.” That chapter focuses on the many challenges
that teacher educators and educational leaders face in preparing the next generation
of teachers in America. The pressures created by standards and regulations along
with the rapid expansion of technologies and an evolving notion of literacy are
addressed. Teacher preparation programs in universities are struggling to respond to
those pressures while being less well equipped in terms of technology than many of
the schools into which graduating teachers will be placed.

Chapter 3 by Rose Dolan is entitled “Initiation and Implementation: Changes to
Teacher Education in Ireland” and presents a historical perspective of how Ireland
has responded to the challenges and pressures discussed in Chap. 2. Ireland’s
Education Act of 1998 led to the formation of the Ireland Teaching Council which
produced four policy documents, a revised code of conduct, and a number of docu-
ments pertaining to initial teacher preparation (ITE). While Ireland’s educational
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system is not nearly so complex as the American system, the significance of high-
level policy guidance with support and follow-through is clearly illustrated in
Dolan’s contribution.

Chapter 4 by Ronghuai and Junfeng Yang entitled “Digital Learners and Digital
Teachers: Challenges, Changes, and Competencies” examines the influence of tech-
nology on learning and the need to properly prepare teachers. The American frame-
works of pedagogical content knowledge (PCK; Shulman, 1986) and technological,
pedagogical, and content knowledge (TPCK; Mishra & Koehler, 2006) are dis-
cussed in detail with regard to the need to properly prepare Chinese teachers and
students in the twenty-first century.

Chapter 5 by Nicole Bellin-Mularski, Dana-Kristin Mah, and Dirk Ifenthaler is
entitled “Preservice Teachers’ Perspectives of School Development.” This contribu-
tion involves a study of 951 preservice teachers aimed at exploring the complexity
of factors influencing innovation and school development in Germany. The findings
of this research study suggest that competency-based training programs focused on
school development are needed. Stronger collaborations between preservice and
in-service teachers are recommended, potentially supported through social net-
working. The need for additional empirical research aimed at the complex and mul-
tifaceted nature of schools and how they are organized, developed, and situated to
respond to changing needs and technologies is made clear in this chapter.

Part 1 is entitled “Changing Learning and Instructional Paradigms,” which was
a theme that emerged from the papers presented at the conference. This part con-
tains five chapters that cover various frameworks and strategies that have the poten-
tial to transform learning and instruction.

Chapter 6 by Sylianos Sergis and Demetrios Sampson addresses the issue of
analytics and in the form of a multilevel framework to integrate and analyze data
collected across different school layers so as to provide ongoing formative feedback
to school leaders.

Chapter 7 by Kay Wijekuma, Bonnie Meyer, and Puiwa Lei reports the results of a
study of English language learners investigating the impact of teaching five text struc-
tures along with two forms of support: Spanish scaffolding (both English and Spanish
texts) and an English hybrid version that allowed students to hover over words to see
the Spanish version. The results of such support were generally positive.

Chapter 8 by Norsamsinar Samsudin, REngasamy Premila, Jessnor ElImy Mat
Jizat, Hariyaty Ab Wahid, and Norasibah Abdul Jalil reports an investigation of
school-based assessments in Malaysia. While the level of teacher understanding of
readiness to implement school-based assessments was found to be high, the study
also showed a negative relationship between teacher understanding and readiness
and their workload levels. This study suggested that heavy teacher workloads are a
barrier to progressive school improvement in Malaysia as they appear to be in other
parts of the world.

Chapter 9 by Sandra Ribeiron, Anténio Moreira, and Christina Pinto da Silva
focuses on the important topic of digital storytelling. They argue that storytelling
has long held an important place in education and society more generally. Digital
storytelling has the potential to address important emotional issues that can either
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enhance or inhibit learning. The act of telling stories can promote self-reflection and
develop trust and dialogue among learners. The use of technology to support story-
telling, then, has the important potential to foster interpersonal interactions that can
promote social responsibility and emotional intelligence.

Part Il is entitled “Assessments and Analytics for Teachers and Decision
Makers,” which represented a second emergent theme from papers presented at the
conference.

Chapter 10 by Martha Carey and Catherine Schifter addresses the controversial
issue of standardized testing in the context of the USA. They argue, as have many
others, that such assessments create disadvantages for many students. Their solution
approach involved providing evidence that contextually driven formative assess-
ments can help alleviate the problems with standardized assessments.

Chapter 11 by Steve Bennett, Trevor Barker, and Mariana Lilley examines the
use of electronic voting system clickers. They conducted a series of studies in a
master’s-level course on media design that had the entire class use clickers to pro-
vide peer feedback on multimedia resumes developed by classmates. As the meth-
odology evolved, the notion of peer grading was replaced by free and open feedback
in response to a set of standard questions about the designs. They note some resis-
tance on the part of students and cite limitations, while pointing out that as the
rubrics and scoring evolved, students became more receptive, and there are efficien-
cies in using this kind of feedback on student-created artifacts.

Chapter 12 by Said Hadjerrouit reports a case study involving collaborative writ-
ing in a wiki-based environment in a teacher education course on Web 2.0 technolo-
gies. There are a number of issues reviewed and examined in this study, including
collaborative work in small groups, the distribution of work within a group, the role
of a technology such as a wiki in supporting group work, and the value and impact
of comments within the wiki. One innovative aspect of this study is that it involved
using one of the technologies being examined as a tool to support course work. The
author notes that a wiki-based approach to learning and instruction is not well
developed and much more research in this area is required.

Chapter 13 by Timothy Arndt and Angelo Guercio focuses on student-centered
analytics in postsecondary education. The motivation for their work is the difference
in the interests and preferences of students (which they call do-it-yourself analytics)
and those of universities and colleges (typically referred to as learning analytics).
The authors present a framework for the development and implement of student-
centered analytics and propose a research stream that will address the efficacy of
student-centered analytics in comparison with the efficacy of learning analytics.

Chapter 14 by Peter Rich and Matthew Langton reviews the notion of computa-
tional thinking. They conducted a Delphi study to develop a consensus definition of
computational thinking that might clarify educational issues and guide the develop-
ment of courses aimed at promoting computational thinking. Many have promoted
the notion of computational thinking as an important twenty-first-century compe-
tency, but given the variety of views about computational thinking, it is not clear
what skills and competencies should be taught to whom and when. This effort is a
step in helping to resolve those questions.
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Part IV is entitled “Changing Tools and Learning Environments” and represents
a third emergent theme from papers presented at the conference.

Chapter 15 is by Cheolil Lim, Sunyoung Kim, and Jihyun Lee. They investigate
and report the impact of turning two university lecture courses (calculus and nonlin-
ear systems) into flipped classroom courses. The results suggest that not all students
liked or benefited from the flipped classroom approach. However, the studies also
suggest that it is possible to design and manage a large course using a flipped class-
room approach, although the design had to be adjusted to fit the particular course.
Students tended to like the increased interaction with the instructor and efficiency of
viewing assignments online via video-based lectures. Lessons learned from the two
different implementations of a flipped classroom approach are discussed in detail in
the last part of this chapter.

Chapter 16 by Lee Schlenker and Sébastian Chantelot examines a scenario-based
approach for improving management education. They review the research on the
use of scenarios and design thinking and use that review as the basis for the approach
they call DSign4Practice (not to be confused with the Design4Practice program
developed at Northern Arizona University in 1994). Their DSign4Practice frame-
work involves a community of practice with interconnections among place, plat-
form, and people. The notion of creating support for the co-creation of participatory
learning places is fundamental to the framework. They conclude with a call to
implement the framework and conduct research on its efficacy.

Chapter 17 by Leila Mills looks at the role of informal learning in developing
and supporting interest and learning in science, technology, engineering, and math-
ematics at the high school level. She used an instrument called Possible Science
Selves in a pre-/post-study of students on a field trip to the Laser Interferometer
Gravitational Wave Observatory Science Education Center in Livingston, Louisiana.
The results showed that students with a low desire to become a scientist prior to the
field trip were significantly higher in that desire after the trip compared with those
who reported a strong desire to become a scientist or who had high confidence in
their academic skills. However, in general, there was an increase in reported desire
to become a scientist after the field trip. She cites the limitations of the study and
suggests additional studies to explore the impact of informal learning on interest in
science-related learning and careers.

Chapter 18 by Cristina Gomes, Mauro Figueiredo, José€ Bidarra, and José¢ Gomes
examines gamification in music learning. The development of the Flappy Crab
game application for mobile devices and its initial use in music education are
reported. The game was developed using the UNITY 3D® game engine and initially
tested informally. Results suggest that students liked the game and participated in
many game-related activities. Additional studies are planned based on the positive
outcomes using the prototype game.

Chapter 19 by Cindy Krober and Sander Miinster reports on the creation and
evaluation of an educational application in the area of cultural heritage—in this
case, the cathedral in Freiburg, Germany. The instructional approach involved
project-/problem- and team-based learning at the college level with students
involved in interdisciplinary studies in art history, linguistics, and geoscience. The
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focus of the project was on aspects of the architecture within the cathedral that had
implications for communicating with visitors that could then be presented in visual
form through a mobile application. Creation of such a visitor application was moti-
vating for students and created a need to understand a number of issues in the vari-
ous disciplines involved. The benefits of such applications within an interdisciplinary
curriculum are discussed along with lessons learned from the effort.

Chapter 20 by Peng Yan and colleagues discusses the issues involved in design-
ing intelligent tutors. An intelligent tutoring system developed for Virtual Cell, an
educational game, is reported in terms of its use in a cellular biology course. The
game contains a number of information resources which are needed to succeed in
specific game scenarios. The game contains four modules: (a) organelle identifica-
tion, (b) electron transport chain, (c) photosynthesis, and (d) osmosis. Initial find-
ings suggest that students gained the desired knowledge and competencies.
Additional games based on their goal-based and immersive virtual approach and
framework used are suggested.

The final chapter (Chap. 21) by the conference organizers is entitled “A
Synthesizing Look Forward in Teaching, Learning, and Educational Leadership in
the Digital Age.” In the final chapter, the authors address the need to align teacher
preparation, the design and development of learning environments, evaluation and
ongoing support, teaching and learning standards, and education policies. Without
alignment across all aspects of an educational system, it is unlikely that promising
efforts to integrate technology effectively will be taken to scale or that steady prog-
ress in learning and instruction will occur. That chapter concludes with a call for
serious efforts to create dynamic, multidimensional links among educational
researchers, practitioners, teacher educators, and policy makers.

Denton, TX J. Michael Spector
Melbourne, VIC, Australia Dirk Ifenthaler
Mannheim, Germany

Perth, WA, Australia Demetrios G. Sampson
Lisboa, Portugal Pedro Isafas
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Chapter 1
Reflections on the Future of Instructional
Design Research

Jan Elen

Abstract Instructional design aims at being a technological field of enquiry. For
such a science, it is essential that it can build on a strong theoretical base. Confronted
with the phenomenon of noncompliance or instructional disobedience, it is wondered
what the validity and relevance is of the current theoretical base of instructional
design. This is mainly because it builds on data gathered in experimental settings
with interventions of short duration and with self-reporting instruments. It is argued
that new research approaches largely built on the gathering of unobtrusive data in
ecological settings may help to strengthen the knowledge base of instructional design.
This in turn may help instructional science to become an engineering science.

Keywords Instructional design ¢ Theory development ¢ Tool use

1 Introduction

Educational quality is of paramount importance to society. An important way to
bring about quality is through the deliberate and systematic design of learning envi-
ronments. While this sounds straightforward and evident, designing learning envi-
ronments responsively and responsibly is complex. Instructional design research
aims at increasing our understanding of what is important in designing learning
environments and what—within a specific context—are appropriate decisions. In
this contribution, some reflections are formulated with respect to the aims and scope
of instructional design research on the one hand and its future on the other.

This contribution is based on two keynote presentations. The first was given at the EARLI-
conference in Miinich, Germany in August 2013; the second was delivered at the CELDA confer-
ence in Porto, Portugal in October 2014.
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First, it is argued that instructional design implies the practical application of
scientific insights; it is in other words a technology. It builds on basic research that
provides insight in learning processes on the one hand and interactions between
individual learners and features of instructional environments on the other. This idea
of a linking science, of course, aligns with the work of Glaser (1976) who already
in 1976 argued in favor of a specific, prescriptive kind of psychology of instruction
that would tune scientific insights acquired in well-defined empirical settings such
as learning laboratories into instructional designs.

The instructional design research that resulted in these reflections is presented and
discussed in a second part. That research reveals a phenomenon of—to put it a bit
provocatively—instructional disobedience. Research evidence (e.g., Beasley &
Smyth, 2004; Betrancourt, 2005) is growing that learners only rarely interact or behave
as designers expect them to interact. Indeed, students neglect support provided, do not
study the materials in a fixed or expected sequence, reply with shallow answers to
deep-level questions, split group tasks into individual work rather than engaging in
collaborative learning; learners do all sorts of things that designers view as less func-
tional and—given current scientific understanding—as suboptimal for their learning.

Research implications of this phenomenon will be discussed in the third part. It
is explored why—given the nature of the research instructional design builds
upon—the phenomenon might be non-surprising. Further, research is discussed that
might help both to better understand learning and instructional processes and to turn
instructional design into a linking science it wants to be.

Dramatically, new insights will not be revealed in this contribution; rather, cur-
rent practices will be discussed. Nothing of what is presented is new (other than a
specific perspective on current practice) and the basic line of the reasoning is very
familiar; that is to say that this contribution may serve as a pointed reminder of cur-
rent practice and the gap that exists with regard to relevant research and theory. This
reflects a conviction that instructional design research urgently needs more accumu-
lation in order to be able to reveal what is actually new.

2 Instructional Design as a Technology

There are at least two things to be highlighted about instructional design. First, instruc-
tional design aims at the enhancement of learning in an instructional context.
Instructional design is not oriented towards informal learning but towards the kind of
learning that others (e.g., researchers, designers, instructional leaders) want to happen.
The relationship between the goals of external actors and learners is a key and some-
what underestimated issue in instructional design. For optimal learning in an instruc-
tional setting to occur, it is beneficial—if not essential—that learners accept and
appropriate externally recommended or imposed goals. Given this context, motivation
to reach these external goals is a student variable as important as prior knowledge.
Second, instructional design is a technology that offers evidence-based guidelines
on bringing about instruction. The aim of instructional design research is fundamen-
tally practical. It offers guidelines on how to ensure—or at least optimize—learning.
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It is a prescriptive science, providing—within a series of restrictions—the probabi-
listically most optimal (research-based) solution for practical problems.

Instructional design guidelines are often presented in models. Instructional
design models give advice on goal-specific designs and target-specific interventions
of two kinds: (1) learning tasks or interventions that elicit particular learning activi-
ties from the learner, and (2) learning support or interventions that are likely to help
learners to successfully engage in those learning activities.

While instructional design models (ID-models) over the years have dramatically
changed, they continue to show important similarities. It seems impossible, for
instance, to identify a model that does not assume that—in order to learn—particular
activities have to be engaged in by the learner. Learning activities predict learning
outcomes, as noted by Skinner with his teaching machine, Gagné (1985) with his
conditions for learning, Merrill (2002) with his first principles or van Merriénboer
(1997) with the 4C/ID-model. Each of these models provides guidelines to elicit
learning activities. While all of these and other ID-models build on that same
fundamental assumption, differences among the models are significant and reflect
different conceptualizations of learning goals, learner characteristics, and most
importantly learning processes. Different perspectives on learning result in differ-
ent views about the nature of activities to be performed to reach particular goals,
assessing successful attainment of goals as well as about the extent to which
particular learning activities can be—sometimes partially—supplanted (Greeno,
Collins, & Resnick, 1996).

ID-models exemplify the technological nature of instructional design. In view of
solving specific practical problems (designers and instructors want learners to learn
something specific) instructional design builds upon basic scientific insights. For
instructional design, research on learning (including motivation) and more specifi-
cally research on the interaction between environmental features and that learning
are of paramount importance. Instructional design as a research discipline is directed
towards investigating effects of proposed solutions in order to gradually elaborate
models of effective and sustainable solutions. Instructional design, as a practice, uses
these models to develop and implement concrete solutions. This is nicely illustrated
by the work on the 4C/ID-model (van Merriénboer, 1997). The model is firmly
rooted in basic research on learning and instruction, integrates multiple insights,
provides practical advice, and generates new research questions. Given the techno-
logical nature of instructional design, it is clear that its strength depends on the solid-
ity of the research it builds upon. This will be further discussed in the last part.

3 Instructional Disobedience or the Noncompliant Learner

Over the years, research has revealed an interesting phenomenon. Students regu-
larly are instructionally disobedient; that is to say that they do not follow the paths
instructional designers have outlined for them. Considering the findings, Goodyear
(2000) called these learners noncompliant. The phenomenon can be illustrated by a
variety of studies.
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3.1 Some studies to Illustrate Noncompliance

A first study by Barbara Greene and Susan Land (2000) addresses the use of differ-
ent types of scaffolds. In this qualitative landmark study, 18 college students were
monitored on how they worked with Web resources and how they used different
types of scaffolds. Of specific interest here are procedural scaffolds. As specified by
Greene and Land “The purpose of the questions was to help students frequently
evaluate and reflect on their project ideas by having them answer what and why
questions about their current project plans in order to explain their ideas” (p. 159).
Unfortunately, this is not what happened. As Greene and Land concluded, proce-
dural scaffolds are often not adequate, partly due to omitted questions or superficial
answers, indicating a failure to engage students in deep processing; rather than
using questions to aid cognition, learners seemed to consider questions as impeding
progress and often ignored them.

A second study is one by Geraldine Clarebout. Clarebout (2005) who asked 185
university freshmen to solve ill-structured problems in a computer-based learning
environment using a wide variety of tools such as videos, background information,
and planning tools. Students were distributed over three conditions: (a) a control
condition with tools only, (b) a condition in which a pedagogical agent prompted at
regular intervals the use of tools, and (c) a condition in which a pedagogical agent
adaptively prompted tool use by considering tools already used. Achievement was
measured by the quality of the proposed solution. There was only one significant
result. Students in the nonadaptive advice group in which prompts were offered at
regular intervals, provided more arguments for their solutions than students in the
other groups. Overall, tool use was very low and surprisingly the conditions did not
differ with respect to total amount of tool use. Students, however, differed in the
proportion of time spent using the different tools with the most time spent on using
the information tools. Results further indicate that students most of the time did not
follow advice provided by the pedagogical agent.

A third study is one by Lai Jiang. Jiang (2010) studied the impact of higher order
adjunct questions in instructional texts. Inspired by Rich Mayer (year), 42 univer-
sity students studied a short science text on how lift occurs in airplanes. There were
two conditions: (a) an experimental one with questions and (b) a control condition
without questions. Questions occurred at the end of each relevant paragraph.
Achievement was tested by retention and inference questions. Students in the con-
trol condition outperformed students in the experimental condition on retention
questions, whereas students in the experimental condition outperformed students in
the control condition on the inference questions. It was observed that students
accessed the first question more frequently than the second and third questions.
Furthermore, the quality of question use was studied. It was observed that some
students did try to generate a proper answer whereas others simply copied informa-
tion from the text into the answer field. Overall, frequency of accessing a question
was not related to performance. For quality of use, results confirm the hypothesis
that the higher the quality of the answers students gave to adjunct questions, the
better they performed in the post-test.
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A fourth study is one by Tinne Dewolf and colleagues (2012). In this study, the
impact of pictures while solving word problems was investigated (Dewolf, Van
Dooren, Kellen, & Verschaffel, 2012). Research in mathematical education shows
that students often do not adequately model the situation as described in word prob-
lems and consequently give mathematically possible but realistically impossible
answers. Given text-picture research, it was assumed that pictures would help learn-
ers to better model the situation as described in the word problem. However, no
effect of pictures was retrieved. In a follow-up study using eye-tracking, it was
found that the absence of effect could be due to the negligence of the pictures by the
participants (Dewolf, Van Dooren, Ev Cimen, & Verschaffel, 2014). They simply
did not look at the pictures. In a later study, it was revealed that they did not do so
even after encouragement to do so.

These are only a few studies in a long series of research efforts that suggest four
fascinating conclusions. First, though based on solid theoretical understanding and
empirical evidence, outcomes of these studies were largely not as expected, in most
cases they were even totally disappointing. Second, learners did not behave in line
with what was expected by the designer; they were noncompliant or even disobedient.
Third, in all cases participants had some degree of learner control; that is to say that
they had some freedom to decide whether or not to use the support, or at least they
could decide about how to use the support. Fourth, each of these studies shows that it
is nearly impossible from the description of the instructional environment to predict
what the outcome will be. By using components of the instructional environment, it
is the learner who decides about the use and hence the effects of that environment.

From an instructional design point of view, these conclusions are very discom-
forting. The studies reveal that instructional design is based on the idea of a compli-
ant learner (Goodyear, 2000), which reflects two faulty assumptions (Winne, 2004):
(1) the provision of particular support will elicit the cognitive processes as intended
by the designer (Gerjets & Hesse, 2004; Winne, 2004), and (2), instructional inter-
ventions will elicit similar responses among different students (Lowyck, Lehtinen,
& Elen, 2004; Winne, 2004).

3.2 Explaining the Phenomenon

The phenomenon of noncompliance revealed by these studies is well documented
and several researchers have tried to explain it. Perkins (1985), for instance, proposed
three clusters of factors that affect whether a learning opportunity will be effective:
(1) the opportunity has to be actually present, (2) the learner has to be knowledgeable
about it, and (3) the learner has to be motivated. These factors are discussed next.
First, availability of opportunity pertains to the question whether the actual use
of the tool, support device, or adjunct aid does indeed improve learning. This calls
for a particular type of research since we need a situation that guarantees students to
adequately use the tool and moreover allows us to observe learning effects (perfor-
mance or motivation) at least for particular groups of students. Typical for instance
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is the mostly experimental, research on advance organizers showing a (conditional)
benefit of adjunct aids (Mayer, 1979). While for most support devices in instruc-
tional texts availability of opportunity has been researched, far less evidence in this
respect is available for a multitude of tools provided in current electronic learning
environments such as links to ample resources and discussion for all kinds of illus-
trations. There is certainly a need for basic instructional research on the actual func-
tionality of the enlarged set of support devices.

The second and third condition of Perkins are research-wise more difficult ones,
and the research base seems far less stable. The second category pertains to knowl-
edgeability of students. Students have to be knowledgeable about the tool’s useful-
ness. Illustrative is the classic study by Gavriel Salomon in 1984. Salomon asked
124 sixth graders to study a comment on abstract art either in a film version or a
printed version. Much care was invested in making both versions as informationally
equivalent as possible. Achievement was tested by using factual recognition and
inference questions. In addition, a number of instruments was administered with
respect to perceptions of media, attribution of failure, perceived self-efficacy and,
after the session, invested mental effort. It was found that while doing equally well
for the factual recognition items, students in the print group performed much better
on the inferences part of the achievement test. Salomon explained these results by
referring to perceptions of students. Students considered learning from film to be
easier and hence invested less effort while studying. The opposite was true for the
print condition. More effort was spent because students regarded studying from
print to be difficult. This finding supports the established notion that time spent on
a learning task will be correlated with the associated learning outcome.

Research suggests that in order to learn in an instructional context learners not
only need knowledge about their own learning but also and specifically about how
elements of the environment can be used to support their learning. Two elements
hamper research on these matters. First, attempts to solidly assess instructionally
relevant conceptions, beliefs, and perceptions have not been very successful. In our
own work, we have elaborated a highly reliable instrument—the instructional con-
ceptions questionnaire—but despite repeated attempts, we have never been
successful in demonstrating any direct or indirect impact of these conceptions on
actual tool-use behavior (reference citation needed here). Second, there is a problem
especially with survey instruments as they largely neglect the volatility of percep-
tions. Lust and colleagues (Lust, Elen, & Clarebout, 2011), for instance, assessed
perceptions of students about Web-based lectures and found a significant difference
in the perceptions at the start and at the end of the semester. Perceptions seem to be
easily modifiable.

Perkins’ third category specifies that the learner has to be motivated to use the
opportunity. In various studies, attempts have been made to include motivational vari-
ables in order to find some clear links between motivation and tool use. The results
are at least inconclusive. In various studies, conflicting results have been found. For
instance, in line with research by Ryan and Pintrich (1997) one may expect a positive
relationship between mastery goal orientation and tool use. While in a study by Jiang
and colleagues (Jiang, Elen, & Clarebout, 2009), some indications were found that
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point in this direction; in another study, Clarebout and Elen (2009a, 2009b) found a
negative relationship between mastery goal orientation and quantity of tool use.
Again, for motivational variables there are conceptual as well as methodological
problems. It is highly difficult to use motivational literature for design purposes.

Keller’s (2010) theory of motivation attempts to relate motivational variables
(e.g., attention and volition along with perceived relevance, confidence, and satis-
faction) to different stages of the learning process, but it remains somewhat vague
and general. There are also methodological issues. Research that includes motiva-
tional variables heavily (though not solely) relies on survey instruments. In addition
to the issue of self-reporting, we are confronted with a time issue as it is plausible
to expect motivation to fluctuate over time.

While Perkins’ conditions help to understand the phenomenon of instructional
disobedience, consensus is missing on how to handle it. Some designers argue for
additional interventions while others favor restricting the degrees of freedom.
Research is not conclusive. Prompts are examples of additional interventions (e.g.,
Schwonke et al., 2013). Again the results are not very convincing, partly because it
is assumed that indeed the prompts are adequately considered and followed up by
the learner which is certainly not always the case. Research on prompts typically
assumes a compliant learner, a presumption assumption that has been proven to be
overly optimistic. Embedding the interventions is another possibility. One thereby
reduces the amount of freedom for the learner. The learner has to try to process the
material as indicated. Interestingly, research by Jiang (2010) among others shows
embedding has a serious impact. On the one hand, embedding results in an increased
(because unavoidable) use of the support, while on the other it tends to reduce the
quality of tool use.

4 Features of Instructional Design Research

Research on tool use and noncompliance is intriguing as it reveals that we might be
missing an in-depth understanding of actual learning processes in instructional con-
texts. Research on disobedience or noncompliance clearly shows that instructional
environments informed by the best possible basic research do not generate expected
effects. To put it in medical terms: drugs tested in the lab do not necessarily cure
the illness.

4.1 Issues with Respect to the Research Base

There might be at least two categories of reasons for that: (a) the design itself might
be defective or (b) the underlying research is insufficiently adequate. The latter will
be focused on next. In three different ways, it might be that the research base is
insufficiently adequate.
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First, a substantial part of the research is [quasi-] experimental. This type of
research might help us to find out whether a particular type of support is effective,
which means: results in increased motivation and/or enhanced learning outcomes.
Given the need to control as many variables as possible, that research is also intrin-
sically limited. Examples are research on multimedia learning in which students can
look at a video only once or cannot reread a specific part of the text, or research on
pre-questions in which students during reading cannot re-consult the questions.
There are good reasons for these restrictions as they help us to reveal underlying
cognitive structures and processes. But at the same time, these restrictions also
reduce the relevance of the findings with respect to the instructional interventions.
While a very strict control of time might be relevant to reveal the impact of the limi-
tations of working memory, that same restriction renders this research instruction-
ally nearly irrelevant as such a strict time limitation is commonly absent in
instructional contexts. In most instructional contexts, learners do have much more
control and that control pertains to a multitude of dimensions. Learner control is not
a side-issue, but a key feature of learning in instructional contexts. Research on how
learners handle that control, or in other words how they regulate their learning in
realistic learning settings might therefore be even more important than already rec-
ognized in instructional design.

Second, another typical feature of much of the research is the short duration of
the interventions. Though there are good reasons (control of variables) and less
good reasons (e.g., publication pressure) for this, it seriously affects understanding
of how to support learning in instructional contexts. In actual instructional contexts,
multiple topics are discussed and given that they cannot all be addressed at the same
time, they are handled in some sequence. Experiences at the start affect consecutive
actions and information provided later may help to understand information pre-
sented previously. This reveals the importance of research on sequencing. Luckily,
studies that handle sequencing do appear from time to time, as in the context of
cognitive load theory (van Merriénboer & Ayres, 2005). It also seems fair though to
say that, overall, our understanding of duration and sequencing has not progressed
much in the last 50 years. In any case, the issue of sequencing reveals the relevance
of models such as Patricia Alexander’s (1993) model of domain learning by or the
research on learning progressions (Fortus & Krajcik, 2012). Both approaches han-
dle evolution and multiple concepts.

A third aspect of the research that we build upon involves the use of question-
naires. Survey instruments are used to identify the learning style of students, their
motivation, and their perceptions. In other words, a lot of what we understand is
based on self-reported information. We are gradually becoming aware that this
research is based on two rather problematic assumptions. A first assumption,
recently called an urban legend by Kirschner and van Merriénboer (2013), is that
students not only know what they prefer but also what and why they behave or what
is best for them and their learning. Research by Hadwin and colleagues (Hadwin,
Winne, Stockley, Nesbit, & Woszczyna, 2001) and others clearly demonstrate that
this assumption is at least naive and that—as my professor of social psychology
used to stress—behavior and talking about that behavior are two different behaviors
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that each need to get explained in their own right since they are not intrinsically
related. The second assumption is equally problematic and relates to the assumption
of stability over time. This is a complex issue but there are at least indications that
perceptions about the effectiveness of instructional interventions or methods do
change with growing experience with these methods as previously illustrated.

4.2 An Engineering Science

Given this status of the instructional design knowledge base, it is not totally surpris-
ing that designs are less effective than expected. However, the time seems ripe and
the methodologies seem to be available to render the knowledge base more solid and
to gradually convert instructional design research from a direct application science
into an engineering science (Goodyear & Ellis, 2008). Such an engineering science
gets inspired by basic research in a creative quest for solutions rather than trying to
directly applying the outcomes of basic research to actual practical problems.

Instructional design research seems to gradually acquire the tools and the insights
to refocus and put another step in the direction of instructional design that builds on
ecological research that is directly practical. We now have the possibility to open the
black box (or boxes) of learning in instructional settings. Disobedience may be
shown not to be the exception but the rule, and a key to progress in learning is
self-regulation.

The new tools are directly related to the increased use of electronic learning
environments and the possibility to unobtrusively log and analyze actual learning
behavior. There is great hope that this research—be it under the umbrella of gStudy,
an approach by Winne and colleagues, that closely monitors the self-regulation of
learning activities (Hadwin, Oshige, Gress, & Winne, 2010), learning analytics, or
educational data mining—will help to get in the long run a far better understanding
of learning in instructional contexts (Angeli & Valanides, 2013).

In the past, observational studies were done, some with thinking aloud. Based on
these observational studies, it is now better understood how for instance problems are
solved and texts are processed. What is new is that we now in real instructional con-
texts can observe what larger populations do and not only what a few students do.

The following example may reveal both its potential and its restrictions. In a
recent series of studies, Lust (Lust, Elen, et al., 2011; Lust, Elen, & Clarebout, 2012,
2013; Lust, Vandewaetere, Elen, & Clarebout, 2014) logged and analyzed, for one
particular blended learning course, students’ use of a large set of tools. Based on her
data, she did various things.

First, she analyzed the frequency of tool use and looked for patterns. In two con-
secutive studies with the same course but different student cohorts, similar tool-use
patterns were retrieved. Each pattern reflects diversity in tool use and/or the nature
of that use (more or less active). With respect to tool diversity, cluster analyses
revealed three groups of students: no-users, selective users, and intensive users.
No-users only accessed one particular component of the electronic learning envi-
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ronment: the Web-lectures. Selective users did only access information and scaf-
folding tools with immediate functionality. Intensive users accessed all tools
although with respect to the intensity of the use large intra-group variability was
ascertained. For instance, whereas some intensive users read messages on a discus-
sion forum others also add comments or raise questions.

While, with respect to tool use, these data are interesting, more can be done. Lust
tried to link patterns of tool use with performance data. In this case, performance
data related to an assignment during the academic year and a final exam. While
relationships are complex, overall, it can be said that no-users did not do very well
and less well than intensive users for the total grade and the assignment. This is at
least a relief as it confirms that indeed engaging in a diversity of learning activities
(different activities with different tools) does pay off. But even this information is
rather general.

That is why a third step was made in the analyses. An attempt was made to model
tool use over time. We wanted to know whether students’ tool use does evolve over
time and whether this possible evolution is related to changing requirements in the
environment. In general, an evolution in tool use can be observed with clear differ-
ences for different tools. For instance, use of Web-based lectures is very high during
the cram period right before the exams. Furthermore, some students stick to a par-
ticular tool-use pattern throughout the course, whereas others change their tool use
over time. For instance, whereas 29 % of the initial no-users remained no-users,
55 % of them increased their use and became limited users. Again the profiles of tool
use over time and the changes in tool use can be linked with performance data. These
analyses show that for only a minority of the students the adaptation was beneficial.
Only a small part of the students succeeded to adapt their tool-use pattern to the
requirements of the course. Interestingly, a small group of students who changed
their tool use in line with course requirements did significantly better on the higher
order learning tasks at the exam and this even after controlling for general ability.

The next question then became whether tool use (as an indicator of learning
activities) could be linked to or even predicted by data gathered at the start of the
course through questionnaires. Several findings are of interest here. First, this study
again found that students’ ideas at the start of the course about functionalities of the
tools did not affect tool use. Whatever the reason and given the qualities of the
research instrument used, this is another indication that students only have limited
knowledge of the tools’ functionalities. Furthermore and with respect to motiva-
tional variables, results were diverse.

Whereas no effects could be retrieved of students’ self-efficacy on tool use, goal
orientation seemed to affect tool selection: selective users were significantly more
performance-oriented, whereas intensive active users were significantly more mas-
tery oriented. This suggests that some motivational variables might be more stable
than others, an important insight for instructional design research. In the study, the
Inventory Learning Styles was used to identify different study approaches. Results
are rather inconsistent, whereas the results obtained with the questionnaire reflect
the tool-use patterns in some cases, tool-use patterns are in two other cases in con-
trast to what could be expected. Results revealed that the intensive active tool-use
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pattern reflected a strong self-regulated strategy, whereas an intensive superficial
tool-use pattern reflected a lack of self-regulation. However, for no-users no specific
profile of study approaches could be retrieved and selective users reported surface
as well as deep-oriented approaches. The lack of stability raises doubts about the
usefulness of this type of instruments.

We are well aware that multiple questions remain. Among these are the follow-
ing: (a) are these findings course specific? (b) what is a fruitful way to describe
courses? (c) are the findings specific to this population? and, perhaps most interest-
ing, (d) how can we alter nonadaptive patterns and profiles? Intervention and repli-
cation studies have not yet been done, and meta-analytic studies are needed to
advance knowledge and understanding in this area.

5 Conclusion

The potential of research largely based on actual user data has been illustrated by
referring to the work of Lust and colleagues (Lust et al., 2013, 2014; Lust, Juarez
Collazo, Elen, & Clarebout, 2012; Lust, Vandewaetere, Ceulemans, Elen, &
Clarebout, 2011). Of course, similar work from fellow researchers such as those in
the group of Phil Winne (Hadwin et al., 2010) at Simon Fraser University could also
have been used as an illustration.

Notwithstanding the remaining issues, this line of inquiry shows an interesting
path for complementing current instructional design research. The path more or less
looks as follows:

1. Inspired by basic research, a theoretical model is built that fits the goals of the
instruction and the setting in which it will take place. That model specifies the
variables that play a role and why, and highlights and explains interactions
between student and environment-related variables as well as the effects of these
interactions over time.

2. Using the structural components of the model, a specific instructional environ-
ment is described, and aspects to be observed are identified. Hence, we get a
model-bound description of a specific instructional environment.

3. Next, by using log data as well as data on those variables that were assumed to
be theoretically relevant an analysis of the environment can be made. At least the
following interesting questions can be raised: what learning activities were
engaged in, did they fluctuate over time, what patterns were productive and are
these related to students with particular characteristics. What students do not
reach the learning goals within the specific learning environment and what is the
nature of their learning path?

4. Inspired by the theoretically most sound and empirically most valid evidence, the
environment can then be adapted and a new research iteration could be started.
Enhanced success can be considered to be a validation of the theory; failure to do
so constitutes a falsification and hence the need to revise the initial theory.
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This type of research is necessarily practical (real-life settings are studied with
real students and authentic instructional goals) as well as theoretical. This approach
forces researchers in instructional design to be very explicit about the theoretical
background they use. In the absence of even contradicting theoretical ideas about
what variables to look at, what interactions between learner variables and compo-
nents of the environment are to be expected, what changes in tool use are probable
over time and which ones are desirable, there is no possibility whatsoever to analyze
and/or interpret the large amount of unobtrusively collected data. Also interesting is
the challenge to elaborate theories that are explicit about relationships between mul-
tiple variables and about possibly changing interactions over time. In other words,
such an approach strongly induces accumulative efforts in theory building.

As indicated, this type of instructional design research has a specific relationship
with basic research on learning. Given that the unit of analysis in this type of instruc-
tional design research is far larger than the unit of analysis in [quasi-]Jexperimental
research, there cannot be a direct application of the insights. Hence, multiple
insights serve as inspiration to build the initial theoretical model. Similarly, basic
research provides the ideas for revising the environment. Each time there is a need
for unique theorizing, there is a need for establishing the link.

Confronted with instructional disobedience or noncompliance not as an excep-
tion but as a regular practice, instructional design researchers are encouraged to be
critical about their current insights and approaches. Learners do not comply, not
because they are disobedient, but because they are forced to do things that do not fit
into the flow of their learning, a flow that is simply might not yet sufficiently under-
stood. Not only are goals enforced upon them as a key feature of learning in instruc-
tional contexts, specific ways of learning are also imposed upon them. It is as if we
would like the water to stream upwards to ensure irrigation. That won’t work, not
because the water is disobedient, but because the irrigation system is faulty: one that
is built on invalid, over-generalized theoretical assumptions.
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1 Introduction

Around the world educators, policy makers, and others are seeking best practices to
prepare educators and leaders to improve student outcomes, prepare learners for
their futures, increase student engagement, and integrate learning technologies into
their curriculum; a universal goal is to ensure that all learners reach their full poten-
tial. Questions have been raised regarding the value of child-centered pedagogy,
appropriate curriculum, and role of technology in this preparation. And yet, after
thirty-plus years of effort aimed at integrating technology into US schools, Fullan
(2013) stated, “It is now time for technology to join the fray in a more purposeful
way in order to transform learning for educators and learners in the 21st century”
(p- 3). The discovery and sharing of this “purposeful” way will require many educa-
tors to work together, share lessons learned, and invest energy in promoting policies
to bring about changes (Schrum & Levin, 2015).

The students in our classrooms today are the first to have grown up with digi-
tal tools at their fingertips; students interact with information, create knowledge,
and communicate their results to a real audience. Today’s students grew up in
the digital age and have never known a world without the Internet, cell phones,
video games, on-demand videos, and portable computing devices. They use
digital devices daily, and most have never known a time when information was
not available from Google (Hatch, 2014). The tools are always “on,” accessible
anywhere there is Internet access, and many are collaborative. These learners
have an expectation that their education will include the same authentic, rele-
vant, and interactive characteristics. And yet, despite the long-standing potential
of technology as a catalyst for transformative change in education (David, 1991,
1994; Sheingold, 1991); this ambitious goal has yet to be widely realized.
Relatedly, Fullan (2013) shared the results of a study that found satisfaction
with school to be 95 % in Kindergartners but only 37 % in ninth graders; the
question then must be asked if schools and our educational curricula are truly
preparing learners for their futures. Additionally, in a world of globalization and
rapid technological change, schools must enable and require that students
develop twenty-first-century skills, such as critical thinking and problem solv-
ing, communication and collaboration, and creativity and innovation, in order to
be well prepared to live and work in the twenty-first century. Being literate in
the twenty-first century requires more than knowing how to read, write, and
compute. The Partnership for 21st Century Learning (2015) suggests the need
for infusing information literacy, critical media literacy, and information, com-
munication, and technology (ICT) literacy into every subject taught in schools.
All these new literacies are necessary to survive and thrive in the twenty-first
century. Without these skills, and others—such as visual literacy, multimedia
literacy, and cultural literacy —our students will not be able to adapt to changes
coming their way.

An Organization for Economic Co-operation and Development (OECD) study
concluded, “People who do not master these competences may suffer from a new
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form of digital divide that may affect their capacity to fully participate in the
knowledge economy and society” (2010, p. 2). OECD further stated, “A second
digital divide separates those with the competences and skills to benefit from
computer use to those who do not. These competences and skills are closely
linked to students’ economic, cultural and social capital” (p. 2). For these and
many other reasons, it is important that all schools investigate ways to provide
access to each and every learner; this goal can only be accomplished by preparing
current and future educators, and school leaders, for this new reality. Unfortunately,
as Senge, a prominent theorist on organizational change, reminds us, “The funda-
mental flaw in most innovators’ strategies is that they focus on their innovations,
on what they are trying to do—rather on understanding how the larger culture,
structures, and norms will react to their efforts” (Senge et al., 1999, p. 26).
Educator preparation and professional development programs are struggling to
assist individuals in gaining knowledge and skills in these areas and the exemplary
programs and ideas are worth sharing as best practices. Fullan has written that

The question for the field of education is how it can best participate in this rapid learning
cycle while working in an otherwise less and less functional system. The general conclu-
sion for me is that this will be a messy period in which the best stance is to become a reflec-
tive doer and learner. One way of cutting this is to think of working simultaneously on
continuous improvement and on innovation. (2013, p. 26)

Recent research by Kozma (2008) made it clear that several nations are currently
well out in front in terms of national ICT policies. According to Kozma, national
policies tend to be established based on four major rationales: (1) support for eco-
nomic growth, (2) promotion of social interaction and development, (3) advance-
ment of education reform, and (4) support for education management. The work of
these countries who have established policies can serve as a model to others work-
ing to establish such policies. For example, Singapore has a long tradition of linking
education policy to the economic system and the country’s latest ICT Master Plan
provides a good example of this approach. Jordan is a second nation that has clearly
linked its national ICT plan to establish a knowledge economy. Emphasizing the
social impact of ICT is a rationale especially attractive to developing countries and
work in Chile provides a good example of policies emphasizing access in rural
schools. Australia and South Africa both provide good examples of countries where
national ICT policy is focused upon issues advancing educational reform. Finally,
several countries have included policies based on the use of ICTs for management
issues such as assessment and student attendance data. More recently, efforts around
requiring coding in secondary schools (e.g., in 2015 Arkansas passed a law requir-
ing all high schools to offer classes in computer science beginning with the 2015—
2016 school year), and the spread of the Makerspace and Fab Lab efforts in school
and in more informal settings can be documented (Schrum & Levin, 2015).
Locations across the USA and other countries are becoming “education innovation
clusters” in which people in a city or region pool their knowledge, best practices,
and assets to improve education through technology and research (see: http://www.
digitalpromise.org/).
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2 The Human Element: Professional Development
for Teachers

Despite 35 years of claims that technology will transform US classrooms (cf.,
Papert, 1980; Sheingold, 1991; Skinner, 1984), and massive financial investments,
with overall instructional technology spending topping $13 billion worldwide in
2013 (Nagel, 2014), widespread well-integrated use of instructional technologies
remains unrealized—underutilized by teachers and students alike (Ertmer &
Ottenbreit-Leftwich, 2010). Perhaps the most compelling rationale for this short-
coming is a marked lack of meaningful professional development to prepare teach-
ers to effectively integrate the technologies that have been installed in their
classrooms into their instructional practices (Niederhauser & Stoddart, 2001; Office
of Technology Assessment (OTA), 1988; Office of Technology Assessment, 1995;
Project Tomorrow, 2008). These interactions among teachers, learners, technology,
and support systems clearly represent a complex problem (Cox et al., 2013). Even
with ongoing calls for an increased focus on preparing teachers to effectively inte-
grate the use of instructional technologies into their pedagogical practices, the pri-
mary focus has been on procuring hardware, software, and infrastructure. Two
important series of reports chronicled the infusion of technology into US schools
during the 1980s and 1990s. The first were produced from data collected using
National Surveys of Instructional Use of School Computers and US contribution to
the international Computers in Education survey. The second set of reports was
developed by the Office of Technology Assessment.

The report from the initial National Technology Survey focused primarily on the
number of microcomputers available in schools, major uses of school microcomput-
ers (primarily programming and drill-and-practice), amount of time students spent
using computers, and location of microcomputer in the school (lab versus class-
room) for 1580 elementary and secondary public, private, and parochial schools
during the 1982-1983 school year (Becker, 1985a). The second report (approxi-
mately 7700 respondents covering the 1985-1986 school year) continued in this
vein, reporting on access to hardware, which teachers used the technologies, alloca-
tion of computer time (computer-assisted instruction, programming, word process-
ing, etc.), number of students involved in computer use, and relative use broken out
by gender and ability (Becker, 1985b).

Continuation of this work through the US contribution to the Computers in
Education survey conducted by the International Association for the Evaluation of
Educational Achievement (Becker, 1991), resulted in a report that focused on the
number of computers in US schools and noted shifts in how teachers were using
them (away from programming and drill-and-practice and toward more productivity-
based uses like word processing). Despite the fact that findings from these studies
indicated that “teachers rarely used computers as a regular means of providing stu-
dents with instruction or practice in traditional school subjects” (Becker, 1991,
p. 386), researchers did not seem to acknowledge the importance of in-service train-
ing efforts that might have supported teachers in more fully integrating technology
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use in meaningful ways. Although these reports were central to large-scale research
efforts on the emerging instructional technology movement in US schools, the focus
was on easily measurable variables like the number of computers, printers, network
connections, etc. in schools, the location of computers, and how the computers were
being used. Essentially no attention was given to how we were preparing teachers to
use the technology that had been installed in their classrooms in the National Survey
of Instructional Use of School Computers or the Computers in Education Survey.

Written “less than a decade [after] the first computers appeared on the education
scene” (Office of Technology Assessment, 1988, p. iii), Power On! New Tools for
Teaching and Learning, the first OTA report (1988) indicated that for the 1986—1987
school year a sample elementary school had spent 13 % of the total “computer use”
budget on staff development (mandatory and optional workshops to support the dis-
trict-developed curriculum). For the 1987-1988 school year, staff development fund-
ing had dropped to just 6 %. This may have been due to the fact that ““...many districts
have very limited funds available for in-service training in general; many also have
limited facilities, resources, and expertise to prepare teachers to use technology.”
(p- 19) Further, much of the training teachers received focused on learning about
computers rather than learning how to teach with computers.

In the second Office of Technology report on instructional technology, a key
finding was that “Most teachers have not had adequate training to prepare them to
use technology effectively in teaching. Currently, most funds for technology are
spent on hardware and software. . . On average, districts devoted no more than 15 %
of technology budgets to teacher training.” (1995, p. 21). After concluding that “A
majority of teachers report feeling inadequately trained to use technology resources,
particularly computer-based technologies,” (p. 129) this report provided a clear call
for increased training efforts to support teachers—describing several funding initia-
tives and models for providing effective professional development that went beyond
“treating technology as a compartmentalized subject, or an end in itself (e.g., pro-
viding teachers with a computer ‘class’)” (p. 234) while acknowledging that the
focus continued to be on teaching teachers about technology rather than helping
them learn how to teach with technology. The nature of professional development in
general, and the specific challenges associated with helping teachers integrate tech-
nology into their established practices came under scrutiny as educational policy
makers began to recognize the importance of professional development as a key
component in their educational technology investment.

However, Schrum (1999) has pointed out that teacher professional development
for technology is particularly challenging—and that all forms are not equally effec-
tive. Her review of relevant literature suggests that professional development for
technology takes considerably longer than professional development for other
instructional and curricular innovations, requires access to equipment at home and
at school for extended practice and to build comfort, is often more intimidating than
professional development for other purposes, makes participants feel uncomfort-
able with technology and fearful of looking foolish, and often requires educators to
reconceptualize the ways in which they have completed common tasks for many
years. Further, training workshops are often held in computer labs that take teachers
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away from the comfort of their classrooms, and technology training tends to be “just
in case” learning rather than “just in time” learning —like teaching a group of teach-
ers how to use a spreadsheet program just in case they ever want to use it.

Despite the form professional development might take, and the amount of pro-
fessional development that teachers receive, formal professional development
appears to have been less successful than simply allowing teachers to learn on their
own. A 2000 National Center for Educational Statistics (NCES) report confirmed
concerns raised about teacher professional development for teachers when they
stated that only 33 % of surveyed teachers felt they were “well” or “very well” pre-
pared to use technology with their students (Parsad, Lewis, & Farris, 2000); while a
2010 NCES report (that did not report on teacher preparedness) indicated that 2/3 of
US public school teachers in the sample had received less than eight hours of in-
service training for using technology with their students, and 78 % had indicated
that a “moderate” or “major” extent of their training had been through “independent
learning” (Gray, Thomas, & Lewis, 2010). Thus, our efforts to prepare teachers to
successfully use technology with their students appear woefully inadequate.

Current one-to-one initiatives (whether laptops, tablets, smart-phones, or other)
will likely compound this problem as teachers, who had previously been charged with
taking their students down to the computer lab once a week, or bringing a laptop cart
into the classroom for the occasional project, now have constant access, and accom-
panying heightened expectations, that provides opportunities for them to use technol-
ogy with their students all day every day. Unfortunately, teacher professional
development workshops in one-to-one initiatives (often given by the vendor who
received the district contract for the devices) typically focus on providing teachers
with the skills they need to use the technology themselves (Penuel, 2006), while
teachers typically feel the need for training and support that will help them use tech-
nology effectively in their day-to-day teaching (Davies, 2004; Fairman, 2004;
Niederhauser & Schmidt-Crawford, 2013). As Collis (1996) pointed out, the teacher
ultimately shapes the success of any computers-in-education initiative. If we continue
to focus on simply installing technology in classrooms, without preparing and sup-
porting teachers to use it effectively with their students, it seems unlikely that we will
ever realize the potential of technology to help us reach our transformational goals.

3 Student Learning, Assessments and Twenty-First
Century Skills

One key factor in the proliferation and accompanying setbacks of technology in
schools involves the goals for technology use and the assessment of student learning.
Early on, computers in the classroom began with a combination of bottom-up excite-
ment by innovative teachers and top-down adoption by administrators seeking to
implement visible, innovative practices. For more than three decades now, schools
have adopted the goal of ICT integration for a wide range of reasons. The most con-
sistent rationale has been tied to a sense that technology is the “way of the future” and
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schools need to prepare students for a technology-rich world. That general argument
included the need for students to be skilled in the technical aspects of using ICT
required in the work world as well as to be fluent in their ability to search for, gather,
and critically evaluate information (Partnership for 21st Century Learning, 2015).
These goals have been widely embraced and have permeated standards for learning
across subject areas and grade levels.

In addition, there has been broad support for the use of technology to support a
full range of curricular goals. And while virtually all have supported the technology
is the future rationale, there was much less agreement on how to apply technology
to address curricular goals. While some called for computers to be used as cognitive
tools for students and teachers, others sought to develop computer-assisted instruc-
tion to assess and develop basic skills. Many argued that ICT has the greatest poten-
tial to enhance student learning when part of innovative, reform-minded teaching
(Becker, 2000; Ertmer & Ottenbreit-Leftwich, 2010; Kozma, 2003; Sandholtz,
Ringstaff, & Dwyer, 1997; Wenglinsky, 1998, 2005) while others sought to promote
instructional systems that reduced or minimized the role of the teacher in the learn-
ing process. Suffice it to say that while schools were purchasing computers in
unprecedented quantities, there was no clear consensus about the pedagogical
approaches that would support their optimal use.

One effort to illuminate issues of pedagogy and technology were presented in
Plugging In: Choosing and Using Educational Technology (Jones, Valdez,
Nowakowski, & Rasmussen, 1995). Jones and his colleagues posited that the inter-
section of two continua—learning engagement and technology performance—
could be useful in analyzing technology practices that support student learning and
help educators ensure that their use of technology would complement student learn-
ing goals. In this framework, learning is represented on the horizontal axis and
progresses from passive at the low end to engaged at the high end. On the vertical
axis, technology performance is represented from low to high. Thus, the framework
provided a second dimension to the low-tech to high-tech continuum that consumed
both educators and the public alike. Among other things, the Plugging In framework
was particularly useful for staff developers to help identify pedagogical issues and
practices associated with various applications of technology.

Subsequently, a framework for technology integration, Technological,
Pedagogical, and Content Knowledge (TPACK) (Koehler & Mishra, 2008; Mishra &
Koehler, 2006) has gone viral in the field of technology and teacher education. Based
on Shulman’s (1986) idea of Pedagogical Content Knowledge (PCK), TPACK adds
technology to the equation and focuses on the interplay of three primary forms of
knowledge: Content (CK), Pedagogy (PK), and Technology (TK). A key contribu-
tion of the TPACK framework to the field has been its emphasis on pedagogy
involved in effective technology integration. TPACK has provided a common lens
and vocabulary that highlights pedagogy as a key variable in learning with technol-
ogy. In fact, many have adopted TPACK as a rationale for promoting constructivist-
oriented pedagogies to support optimal technology integration. It should be noted,
however, that the TPACK framework is by definition pedagogically neutral, encom-
passing a full range of approaches across the component forms of knowledge.
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3.1 One-to-One Computing

Issues of technology advocacy and accompanying pedagogical approaches have
been illustrated by the proliferation on one-to-one projects. One early, high profile
project was the Apple Classroom of Tomorrow (ACOT), which was conducted at
multiple sites for a decade beginning in 1985. ACOT researchers sought to turn the
clock ahead by providing two computers for each student—one for the classroom
and one for home. Laptops, let alone mobile devices, were not viable options at that
time. In studying the impact of ubiquitous computing, they found that technology-
rich learning environments tended to evolve from traditional practices toward fun-
damentally different forms of interactions among students, involved higher level
cognitive tasks, and led to constructivist-compatible beliefs and practices among
participating teachers (Sandholtz et al., 1997). They observed “text-based curricu-
lum delivered in a lecture-recitation seatwork mode is first strengthened through the
use of technology and then gradually replaced by far more dynamic learning experi-
ences for students” (Dwyer, Ringstaff, & Sandholtz, 1991, p. 47).

The ACOT program paved the way for a myriad of one-to-one projects that have
since followed. In virtually all of these, the commitment to using innovative tech-
nologies far exceeded any clear agreement on how they should be implemented. In
a comprehensive synthesis of research on one-to-one computing initiatives, Penuel
(2006) found that while students consistently increased their technology literacy
and skills, what is less clear is “what the potential is for one-to-one initiatives to
improve student achievement in core subjects” (p. 341). He continued that few stud-
ies tested the links between identified outcomes and different implementation mea-
sures. In fact, he added, “a number of studies in the synthesis did not clearly specify
the overall goals of the initiative they were studying” (p. 341).

Today, one-to-one programs proliferate using tablets, netbooks, and other
mobile devices. While outcomes pertaining to student engagement and twenty-first
century skills remain consistent, outcomes pertaining to student achievement in
core content remain uneven. Many would argue that this discrepancy could be
directly tied to No Child Left Behind (NCLB), the US educational policy initiative
that shaped accountability measures in US schools and directly impacted the fate
of technology-based reforms.

3.2 NCLB and Standardized Assessments

While it’s beyond the scope of this chapter to detail the impact of NCLB, many
would agree that it is at direct odds with technology-enhanced, student-centered
learning. Educators have argued that standardized assessments in the USA have
focused on discrete knowledge and skills at the expense of deep content knowledge,
higher order thinking, and problem solving and that revisions in the testing process
are needed (Darling-Hammond, 2010; Ravitch, 2010; Wagner, 2010).
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As we’ve been pushed by federal policy to leave no child behind, we’ve ironically
created another achievement gap—the gap between what is emphasized in stan-
dardized assessments and the skills most needed for the twenty-first century
(Wagner, 2010). In many cases, progressive educators who have embraced the
potential of technology to enhance teaching and learning have had to justify their
approaches within the unrelenting press for student achievement. While many
teachers have adopted mobile technologies and innovative applications that moti-
vate their students, they do so without a clear sense that their efforts will lead to
increased measures of student achievement. In his volume Technology and
Assessment, Michael Russell confirmed, “...standardized tests are often not well
aligned with the learning that occurs with computers (Russell, 2006; p. 185).

That said, it appears that with the adoption of new core standards for learning
and the development of more thoughtful assessments, there is some hope on the
horizon. The leading options for Common Core assessments are the tests devel-
oped by two consortia funded by federal grants: the Partnership for Assessment of
Readiness for College and Careers and the SMARTER Balanced Assessment
Consortium. These tests, first administered in spring 2015, are sure to be closely
scrutinized as potential solutions to our assessment challenges. It is hoped that the
new assessments are more in line with international standards that promote deeper
learning and higher order thinking, which would then serve as a big boost for
teachers who have not fully adopted technology due in part to strong emphasis on
assessing discrete skills and covering required curricula. When teachers see that
teaching with technology supports student learning and achievement as measured
by current assessments, adoption by teachers may very well reach a tipping point.
Resolving the tension, however, between the goals of innovative, twenty-first cen-
tury teaching and learning and the press for assessment and accountability remains
a core challenge for educational reformers. Without progress in this area, the
potential of technology-based teaching and learning will clearly not be realized on
a large scale in US schools.

3.3 Leaders’ Roles and Responsibilities

Empirical evidence shows that no matter how much preparation for integrating
technology teachers receive, unless they also have the leadership of their admin-
istrator, they may be unable to successfully use that technology most effectively.
In fact, several studies have suggested that administrative support is the most
important factor in technology implementation and that without it other variables
will be negatively affected (Ertmer et al., 2002; Gerard, Bowyer, & Linn, 2008;
Hilliard & Jackson, 2011).

Being an educational leader in the twenty-first century requires conquering
some very challenging tasks. One of the challenges is meeting the needs of today’s
learners so they have the knowledge and skills to be college and career ready, and
hiring and retaining the right people to make this happen. Increasing expectations,
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implementing evolving standards, and meeting new policies are also part of the
ever-changing challenges dotting the educational landscape today. Learning how
to meet these challenges is especially difficult when the landscape continues to
shift. Part of the challenge for school and district leaders includes learning how to
leverage appropriate technologies for communication as well as instructional and
administrative purposes most effectively. Another challenge for twenty-first cen-
tury leaders is managing constant change, and learning that many changes must be
addressed nearly simultaneously.

However, most US administration programs do not prepare school leaders to
harness digital technologies to promote a twenty-first-century curriculum, and sys-
tems are not necessarily in place to support the changes required. Educators are
faced with an ever-changing landscape that demands they remain knowledgeable,
update their pedagogy to take advantage of new characteristics, and collaborate for
improved student outcomes (Ainsa, 2013; Eyyam & Yaratan, 2014; Karchmer,
2001). Fullan and Langworthy (2014) suggest these “new pedagogies... require
students not only to create new knowledge, but also to connect it to the world, using
the power of digital tools to do things that value in our knowledge-based, technology-
driven societies” (p. 1). New conceptions of formal and informal learning, espe-
cially in the maker movement (Martin, Bowden, & Merrill, 2014; Martinez &
Stager, 2013; Peppler & Bender, 2013), require continuous professional develop-
ment and revisions of teacher candidate preparation; school leaders must encourage
and support these activities. Professional development now takes many forms from
traditional workshops to online collaboration (Cifuentes, Maxwell, & Bulu, 2011;
Ertmer et al., 2002; Hartsell, Herron, Fang, & Rathod, 2010). In addition, several
studies have suggested that administrative support is an important factor in technol-
ogy implementation and that without it other variables will be negatively affected
(Ertmer et al., 2002; Gerard et al., 2008; Hilliard & Jackson, 2011). In the case of
ICTs in education, most change efforts have overly emphasized affordances of hard-
ware and software, supported by generic technology training, at the expense of
actual implementation in the schools.

As Vanderlinde and van Braak (2013) noted, “Technology planning in schools is
a complex and nuanced phenomenon” (p. 17), and it must involve all stakeholders
“in the process of technology planning: the schools’ technology coordinator, teach-
ers as leaders, the school team, the school leader and the school community. These
actors interact formally and informally and, therefore, influence the process of tech-
nology planning” (p. 16).

Levin and Schrum studied several award-winning leaders of schools and districts
in California, Maryland, Michigan, Minnesota, North Carolina, Virginia, and
Washington who successfully used technology as part of their efforts to improve
their schools (Levin & Schrum, 2012; Schrum & Levin, 2012). Their research
applied theoretical notions of distributed leadership to analyze school leaders, the
context of the schools, and myriad groups and individuals within each school and
district in an effort to understand ways exemplary leaders organized, implemented,
and promoted student achievement, school improvement, technology implementa-
tion, and teacher involvement (Mayrowetz, 2008). Distributed leadership assumes “a
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set of direction-setting and influence practices potentially enacted by people at all
levels rather than a set of personal characteristics and attributes located in people at
the top” (Leithwood, Jantzi, & McElheron-Hopkins, 2006, p. 20), which is what they
found happening in all the award-winning, exemplary schools and districts studied.

Spillane, Halverson, and Diamond (2001) suggested that to understand leadership,
it is important to look beyond what one person can do, or knows how to do, but look
instead at what each person brings to the task, build on strengths, and collaboratively
tackle issues. Their central premise is that school leadership is “understood as a dis-
tributed practice, stretched over the school’s social and situational contexts” (p. 23).
This lens proved to be exceptionally useful in examining ways teachers and other
educators can and do contribute to the success of students and schools.

Levin and Schrum also located their work in a systems approach to change, and
elucidating how change occurs in an educational organization made up of interact-
ing, interrelated, and interdependent components (Levin & Schrum, 2012; Schrum
& Levin, 2012). Their research supports the literature that suggests all components
must work together when making changes, if they are to be sustained and embraced
by all (Adamy & Heinecke, 2005; Kopcha, 2010; Senge et al., 2000). Further, their
research showed that all parts of a system have to be addressed in concert, and add-
ing one component (e.g., technology), or changing one part (such as the curricu-
lum), is not enough to make a difference in the system. Thus, school leaders need to
keep in mind vision, curriculum, professional development, resources, technologi-
cal infrastructure, as well as communicating with the larger community.

Overbay, Mollette, and Vasu (2011) also suggest that school leaders keep several
things in mind as they move through the process of a technology planning experi-
ence. First, they remind all of us that it is “not about the technology” (p. 56). They
state, “The most important lesson we’ve learned is that technology initiatives are
about people” (p. 57). Second, the plan must fit the school or district, not the “ideal”
plan someone else may have adopted. Next, they remind us that professional
development must be entwined throughout the entire plan. Fourth, they suggest “col-
laboration has a very real place in schools implementing a technology initiative”
(p. 58). Effective school leaders were adept at reconfiguring time to allow educators
to spend quality time talking and planning together (Schrum & Levin, 2012). They
developed job-embedded Professional Growth Period in which teachers were given
two or three periods during the week to follow their personal professional develop-
ment plan. This is typically accomplished by removing some noninstructional duties
from teachers’ assignments. Finally, it was noted that leaders found ways to become
turnover proof because if they have only focused on a few key individuals, the school
may end up without teacher leaders if there is a rapid change in staff.

It seems clear that it is not enough to provide preservice and inservice educators
with opportunities to learn with and use technology for teaching and learning; it is
essential that the entire system of an educational enterprise be engaged, involved,
and supported to truly prepare our learners for their future. Ertmer, Ottenbreit-
Leftwich, Sadik, Sendurur, and Sendurur (2012) stated that to make a difference in
learning, “...technology [must] be placed in the hands of students, who are encour-
aged and enabled to utilize it in the same ways, and for the same purposes, that
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professionals do—that is, to communicate, collaborate, and solve problems” (p. 24).
Furthermore, these authors found that increasing access was not enough “if this
increased access was not accompanied by a corresponding shift in teachers’ peda-
gogical beliefs” (Ertmer et al., 2012, p. 24). Also, it is important to remember that
teachers’ beliefs and knowledge can be impacted by other factors including “culture,
socioeconomic status, and school organizational structures” (Harris & Hofer, 2011,
p. 213). For example, if there is not strong support for technology integration by the
administration or among the teachers in a school, those wanting to integrate technol-
ogy may be negatively impacted. Ertmer and Ottenbreit-Leftwich (2010) suggested
that encouraging small changes based on the teachers’ comfort levels may lead to
larger overall changes in the way they approach technology integration.

4 Conclusion

This chapter has highlighted the need for and challenge of preparing our learners for
their future; this challenge must be met by preparing current and future teachers and
leaders to consider all available resources, pedagogies, and authentic activities in
reaching this goal. Institutions that prepare teachers and leaders are obliged to
ensure their graduates have knowledge and experience in accomplishing this goal,
and further, that professors have the professional development they require to main-
tain currency. It may no longer be acceptable for primary and secondary schools to
be better equipped than colleges of education (Schrum & Levin, 2015).

What will it take for our educational system to move forward? Infrastructure is
essential but not sufficient. Regardless of the improvement in the technological
infrastructure, it is important to remember regarding the use of ICT that

While the availability of computers and Internet connections at schools is clearly a prereq-
uisite for ICT use, it is a necessary but not a sufficient condition. The availability of educa-
tional software and other digital learning resources and the ICT competences of teachers are
equally important in ensuring broader and more efficient use of ICT in the teaching and
learning processes in school and at home. (OECD, 2010, p. 171)

Policies and practices must support risk taking, innovation, creativity, and ques-
tioning by students as well as by teachers. Professional development must be con-
tinuous and relevant to reimagining the educational system as we know it. Student
outcomes must be broadened beyond one high stakes test at the conclusion of a
year; systematic assessment is necessary to promote learning rather than just rate
learning. The global educational community has begun to work together to help
identify common needs and challenges; more importantly, it is starting to share
research and best practices. Together we can create strong research agenda to
improve educational opportunities and outcomes for all our learners.
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Chapter 3
Initiation and Implementation: Changes
to Teacher Education in Ireland

Rose Dolan

Abstract Fullan (1991) described the process of change as having four broad
phases: initiation, implementation, continuation and outcome. The education sys-
tem in Ireland has undergone unprecedented change since the Education Act of
1998 and most particularly with the formation of the Teaching Council in 2006.
Since 2011, the Council has produced four policy documents, a revised code of
conduct and at least three documents relating to procedures and requirements for
admission to ITE and registration upon completion of ITE, all relating to the profes-
sion of teaching in Ireland. This has resulted in a period of immense change for
University education departments and for colleges of education. Much of the change
is still situated in the initiation and early implementation phases. This chapter pro-
vides a context for those changes, outlines how they came to pass and considers the
implications of so much change within a system in a short period of time. It looks at
the effects of these changes on those who aspire to be teachers in Ireland in the
second decade of the twenty-first century.

Keywords Initial Teacher Education (ITE) ¢ Induction ¢ Policy development ¢
Change

1 Introduction

In 1998, the Education Act passed into Irish law. This was a significant moment in
the Irish education system as it was the first education act to be passed since the for-
mation of the Irish Republic. It arose from significant public consultation through the
National Education Convention of 1993, following the publication of a Green Paper
in 1992, and has provided, for the first time, a statutory framework for the Irish
Education system that clarifies the roles and responsibilities of the various
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stakeholders in the system. The consultations also paved the way for the establishment
of the Teaching Council in 2006, following the Teaching Council Act of 2001. This
is the statutory body responsible for the regulation of the teaching profession and the
promotion of professional standards in teaching. Although there have been other
pieces of education-related legislation that were enacted around the same time and in
the intervening period, I contend that the implementation of these two acts has had
the most significant impact on the system, on the lives of principals, teachers and
pupils and on those responsible for the education of teachers, namely the colleges of
education and the universities. The changes brought about by the two acts, which
were implemented initially during the country’s economic boom, known as the
“Celtic tiger era”, and then during a period of extreme austerity within the country,
have challenged societal, economic and educational systems within Ireland. They
have also brought into question the understanding of the role of education in society
and of the competences needed by practitioners within the system.

1.1 Introduction to the Irish Education System

The Irish education system, like many other countries, comprises primary, second-
ary and tertiary education. The country has a population of approximately 4,609,600
of which 23 % are currently attending some form of educational institution (Central
Statistics Office, 2014). There are 3286 primary schools, catering for 536,317 pupils
and 723 secondary schools, with a student population of 333,175 (Department of
Education and Skills, 2014a, 2014b). As can be seen from these figures, there is a
population bulge moving through the system at the moment, resulting in a need for
increasing provision of formal education at primary and secondary levels, in the
immediate and in the future.

The vast majority of primary and secondary schools are state funded, but many
are privately owned. 96 % of primary schools are owned by religious patrons
(Coolahan, Hussey, & Kilfeather, 2012) with 52 % as the corresponding percentage
for the secondary sector (ESRI, 2013).

Children must attend school between the ages of 6 and 16 but in reality, most
children begin school between the ages of four and five. While there is no national
provision for pre-schooling in Ireland, the Irish government has invested in some
provision outside of the formal education system, through private, voluntary and
community interests. In 2011/2012, 97 % of 4-year-olds were enrolled in school,
of which 58 % were enrolled in pre-primary education (Department of Education
and Skills, 2015).

The majority of teenagers continue to the end of the secondary cycle, which
equates to ages 17—18. Latest figures from the Department of Education and Skills
(Department of Education and Skills, 2015) show that 90.6 % of the cohort that
entered second-level education in 2008 completed the Leaving Certificate exami-
nation, a public examination held at the end of the senior cycle of secondary
education in Ireland.
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The third-level sector has traditionally comprised Ireland’s 7 universities, 14 insti-
tutes of technology and 7 colleges of education, all substantially funded by the state.
There are also a number of independent private colleges in the system and a number
of other third-level institutions, providing specialist education in professions such as
medicine and law (Department of Education and Science, 2004). In addition, the
further education sector offers programmes that are not part of the third-level system
but occur after second-level schooling, including programmes such as Post Leaving
Certificate courses, second chance education opportunities, adult literacy and eve-
ning adult programmes (Department of Education and Science, 2004).

Ireland has participated in the Programme for International Student Assessment
(PISA) since its inception in 2000. The most recent PISA results show that Ireland
is above the OECD average performance in each of the three domains, with a rank
of 7/64 in reading, 20/64 in mathematics and 15/64 in science (Perkins, Shiel,
Merriman, Cosgrove, & Moran, 2013). Statistics from the OECD (OECD, 2015)
also show that in 2011, Ireland devoted 6.2 % of GDP to public expenditure on edu-
cation. This spending appears to be mainly in the area of teacher salary. After 15
years of experience, teachers in both primary and secondary sectors can expect to
have one of the highest salaries among OECD and partner countries.

The ratio of students to teachers in secondary and tertiary institutions is one of
the largest among the OECD and partner countries, with a 19/1 ratio at tertiary and
15/1 at secondary level. Time spent teaching is comparatively large, with primary
teachers teaching 915 h per year and 735 h per year for the secondary teacher
(OECD, 2015). These figures represent class contact time and do not include the
non-instruction time spent by teachers.

1.2 Changes to the System Since 1998: The Establishment
of a Teaching Council

In 1998, the Education Act was passed into Irish law, paving the way for a number of
changes to the Irish education landscape. Among other things, it clarified the roles and
responsibilities of principals, teachers, boards of management, the school inspectorate
and the Minister in relation to primary, secondary, adult and continuing education and
vocational education and training. Most significantly, it provided a statutory frame-
work for education in Ireland for the first time since the foundation of the state. This
act arose from the publication of Green and White Papers and a consultative forum
that gave interested citizens the opportunity to contribute to the design of the act.
The publication of the 1992 Green Paper on Education, Education for a Changing
World, was a significant moment in Irish education. As the public responded to the
invitation to comment on the paper, the significance of education in the lives of Irish
citizens became apparent. According to Coolahan, “almost 1,000 written submissions
were lodged with the Department of Education in response to the Paper” (Coolahan,
2007, p. 11). The government responded to this interest by setting up a National
Education Convention, held in Dublin Castle in the autumn of 1993. Stakeholders
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in education made submissions to the convention and the subsequent report in
January 1994 was highly influential in the construction of the White Paper, Charting
our Education Future, published in 1995. One of the most significant actions result-
ing from the Convention and the White Paper was the decision to set up a Teaching
Council, which would “give the teaching profession a degree of control over and
responsibility for its own profession” (Coolahan, 1994, p. 90). This Council would
replace the Secondary Teachers’ Registration Council and would act as the “compe-
tent national authority for the implementation of the relevant European Union direc-
tive in relation to the mutual recognition of teacher training qualifications”
(Department of Education, 1995, p. 135). The Teaching Council Act was signed into
law in 2001, and the first Council was established in 2006.

Among the first actions undertaken by the newly established Teaching Council was
the publication of a Code of Professional Conduct for Teachers in 2007 and a revised
version in 2012. Both included standards relating to Teaching, Knowledge, Skill,
Competence and Conduct. The consultation process that accompanied the drawing up
of the initial Code took place in a climate where debates about competences and learn-
ing outcomes were taking place at both national and international levels.

1.3 Competences and the Role of Learning OQutcomes

In 2003, EU member states drew up the “Common European Principles for Teacher
Competences and Qualifications”. This document highlighted three broad areas of
commonality for teachers, namely working with others, with knowledge, technol-
ogy and information and with and in society (European Commission, 2003, p. 5).
An OECD study in 2005 found that there was a general trend “towards changing
requirements for teacher certification from input measures (such as number of
courses taken or credit points) to output criteria, namely knowledge, skills and com-
petences measured in multiple ways, including portfolios” (OECD, 2005, p. 115).

Although there was a move away from a more behaviourist approach to education
internationally, the same could not be said of Irish education, particularly Irish higher
education, at the time. As higher education in Ireland worked towards the implemen-
tation of the Bologna process at European level and the national qualifications author-
ity (NQAI) framework within the country, this conflict became evident within the
system. The ECTS users guide indicated that learning outcomes would be described
“in terms of what a student is expected to know, understand and/or be able to demon-
strate after completion of a process of learning’, the recommended approach in higher
education in the Republic is to adopt a behaviourist approach based on Bloom” (Dolan
& Gleeson, 2007, pp. 4-5). It is interesting to note that the Code of Professional
Conduct (2007; Teaching Council, 2012) have more in common with the OECD and
ECTS understanding of learning outcomes than with a more behaviourist approach.

In addition to the Code of Professional Conduct, the first Teaching Council
published a number of other policy documents during its term of office. Among
these documents were:
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* Teaching Council [Registration] Regulations 2009;

e Policy on the Continuum of Teacher Education June 2011;

* Initial Teacher Education: Criteria and Guidelines for Programme Providers
August 2011; and

* Initial Teacher Education: Strategy for the Review and Professional Accreditation
of Existing Programmes September 2011.

The document relating to Initial Teacher Education criteria contains a number of
learning outcome statements for graduates of the programme. These are also in keep-
ing with a more holistic understanding of learning outcomes and are appropriate to
induction into the thought process of a discipline, as described by Stenhouse (1975).

1.4 The PISA Effect

As mentioned earlier, Ireland’s results in PISA have usually been above the
OECD average. In 2009, the PISA results differed from the relatively consistent
results of the three previous assessments. The first results from PISA 2009 were
published in December 2010 and showed declines in rankings in two of the three
domains. While the scores were still above the OECD average in both reading
and science, they were below the OECD average in mathematics. Furthermore,
the rankings in the three subject domains were as follows: reading 21/65, show-
ing a drop from 5/56 in 2006, mathematics 32/65, a drop from 22/57 with science
showing an increase to 20/65 from 20/57 (Perkins, Moran, Cosgrove, & Shiel,
2010; Eivers, Shiel, & Cunningham, 2008). The Department of Education and
Skills response to the PISA results clearly indicated that changes were forthcom-
ing, or already in train, to address the decline, particularly in literacy and numer-
acy. The report states:

The OECD has noted that ‘performance changes [in PISA] are associated with a fairly large
standard error’. Irrespective of whether or not the decline in the scores on the PISA test
represent a real decline in standards, the Minister for Education and Skills takes these find-
ings seriously and is taking a proactive approach to improving literacy and numeracy stan-
dards (Department of Education and Skills, 2010a, 2010b, p. 1).

The report also indicated that a national plan had been launched in November
2010 to address issues of literacy and numeracy and that this plan included radi-
cal changes for teacher education. These radical changes included, among other
things, an extension to the duration of Initial Teacher Education programmes to
4 years at undergraduate level and 2 years at post-graduate level, effective from
2013 to 2014 for the Primary Teaching qualification and from 2014 to 2015 for
the secondary qualification (Department of Education and Skills, 2010a, 2010b).
By June 2011, the Teaching Council had published the Criteria and Guidelines
for the new ITE programmes (Teaching Council, 2012), and those responsible
for the design and delivery of such programmes began the task of programme
reconceptualisation and redesign.
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1.5 Reconfiguration of Initial Teacher Education

It is worth noting at this point that the announcement of the extension of initial
teacher education programmes was made in a highly unusual manner. In 2010, a
draft strategy for literacy and numeracy called “Better Literacy and Numeracy for
Children and Young People” was published by the Department of Education and
Skills (2010a, 2010b). It contained an invitation to engage the Irish public to engage
with the strategy and to respond to it. Some of the proposed actions included:

1. Setting new, higher standards for entry into initial teacher education;

2. Review the content and duration of Initial Teacher Education programmes at
both primary and secondary levels;

3. Provide support to newly qualified teachers in the areas of literacy and
numeracy;

4. Provide continuing professional development opportunities for teachers in liter-
acy, numeracy and assessment.

Responsibility for actions 1 and 2 rested with the Department of Education and
Skills, the Teaching Council and the Higher Education Authority in conjunction
with the providers of Initial Teacher Education. Target dates of 2012-2013 for the
extension of primary ITE and 2013-2014 for secondary ITE were proposed.

In common with the production of the Green Paper on Education in 1992, the
invitation to respond was welcomed and 380 interested individuals and organisations
responded (see http://www.education.ie/en/Schools-Colleges/Information/Literacy-
and-Numeracy/Literacy-and-Numeracy-Submissions/). Organisations such as the
teacher unions, Barnardos, library associations and others published their responses,
as did statutory bodies such as the National Council for Curriculum and Assessment
(NCCA) and the National Council for Special Education (NCSE). Submissions were
also received from the providers of Initial Teacher Education within the state.

While all respondents addressed the literacy and numeracy issues, it is unsurpris-
ing that the providers of ITE programmes responded most strongly to the proposals
about the extension of the ITE programmes. In general, these responses welcome
the extension of the ITE programmes. This is also unsurprising as ITE providers had
advocated such a change for many years.

The extension to the duration of ITE programmes at primary level had been rec-
ommended in the report from the Primary Working Group (Report of the Working
Group, 2002a, 2002b) but not in the report on secondary ITE, completed in the same
year (Report of the Working Group, 2002a, 2002b). That report, in common with
reports from the OECD (OECD, 1991, 2005), opted for developing the induction of
newly qualified teachers rather than extending the programmes. Interestingly, the
country background report that was prepared for the OECD (Coolahan, 2003) rec-
ommended an extension of the ITE programmes coupled with a structured pro-
gramme of induction for new teachers on entry to the profession.

In its submission about the Literacy and Numeracy strategy, the Forum for Heads of
Teacher Education in Ireland (FHTT) noted that the “proposal to increase the duration
of concurrent initial primary teacher education programmes to four years, and of
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consecutive ITE programmes to two years is strongly welcomed. This policy change
has been advocated by teacher educators for many years” (Forum for Heads of Teacher
Education in Ireland, 2011, p. 1). The unusual manner of the announcement was also
noted at a consultation with the ITE post-primary providers in March 2011, where the
point was made that it was “strange to find major structural changes in a document on
literacy and numeracy, yet there is a welcome for the structural changes proposed”
(Department of Education and Skills, 2011a, 2011b, p. 1). Whatever the vehicle for
extension of ITE, the programme providers in general welcomed it.

The literacy and numeracy strategy also indicated that changes would be made
to the standards for entry into ITE programmes, and this has also commenced. Entry
into consecutive secondary teacher education programmes for the academic year
2015 now requires specific modular requirements as part of the undergraduate
degrees while work continues on the entry requirements for concurrent degrees.

As ITE providers commenced the work of redesigning their programmes to meet
both the requirements of the Teaching Council and the relevant Higher Education
Institution (HEI), the Department of Education and Skills commissioned a report on
the structure and provision of ITE in Ireland. The impetus for this came from a rec-
ognition that there were 19 state funded, and 3 private, providers of ITE offering in
excess of 40 ITE programmes. The review comprised an international panel led by
Pasi Sahlberg, the Finnish educationalist. The panel met with ITE providers and
with relevant personnel from the HEIs and published the results of their review in
the summer of 2012. Key recommendations included the reduction of the number of
programmes, strategic restructuring of programme providers into six configurations
encompassing the full range of sectoral teacher education from early childhood
through to adult education (Department of Education and Skills, 2012a, 2012b). In
most instances, this required ITE programme providers to plan not only for the
design of a new ITE programme but for restructuring of the Department/School of
Education. The ambition of the review was that “by 2030 Ireland will have a net-
work of teacher education institutions based on a small number of internationally
comparable institutes for teacher education” (Department of Education and Skills,
2012a, 2012b, p. 24) and will offer programmes in both ITE and CPD. At the time
of writing, much work has been done to bring together the component parts for
these institutes but it is an additional institutional change at a time of already signifi-
cant change to ITE in Ireland.

1.6 Induction in Ireland: Phase Two of the Continuum

As mentioned earlier, the Teaching Council published a Policy on the Continuum
of Teacher Education in June 2011. It outlined the significance of the three Is,
namely initial, induction and in-career development, in the working life of the
teacher. In addition, the Council adopted another three I's to underpin all stages of
the continuum: innovation, integration and improvement (Teaching Council,
2011a, 2011b). The section of the Teaching Council Act relating to induction was
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commenced on September Ist 2012, and the delivery of the induction programme
was undertaken by the National Induction Programme for Teachers (NIPT).
Induction programmes for newly qualified teachers had been running in the coun-
try since the introduction of a pilot programme in 2002. This programme, the
National Induction Pilot Programme for Teachers (NIPPT), had begun in 2002 as
a result of a partnership initiative between the Department of Education and
Science, the three teacher unions and the ITE providers. At primary level, the pro-
gramme was housed in St. Patrick’s College, Drumcondra, Dublin, one of the pri-
mary ITE colleges, while the secondary programme operated from the School of
Education in University College Dublin, which was one of the providers of ITE for
the secondary system. Both programmes operated independently on the ground
within their sectors but had a common national steering committee and common
underlying principles. There was a commitment to a whole school approach, to
working with School Principals and to training mentors to work with the newly
qualified teachers (NQTSs). It appears that the initial intention was to complete the
pilot programme after 3 years, as evidenced by a comment in 2005 from the then
Minister for Education, Mary Hanafin, who commented that she looked forward to
considering the final Report of the recently completed National Pilot Project on
Induction (Hanafin, 2005); however, the pilot project continued for a further 5
years with funding confirmed on a year-by-year basis.

By September 2010, NIPT was established and responsibility for the delivery of
induction workshops was delegated to them. NIPT worked with the Teaching
Council in the development of induction in the country, both prior to and subsequent
to the commencement of Section 7 (2) (f) and (g) in September 2012.

In January 2012, the Teaching Council consulted stakeholders on its proposed
Career Entry Professional Programme (CEPP), but this proposal caused much concern
within the education community and was significantly amended as a result of the con-
sultations. A new model was drawn up and in September 2013, after further consulta-
tion with stakeholders, the Teaching Council introduced a new model of induction and
probation as a pilot programme to run from September 2013 to 2016 (Teaching Council,
2012). This model contains the workshops developed by the NIPT but increases sig-
nificantly the role of the school in the induction and probation of new members into the
profession. The secondary schools became involved but initially the Irish National
Teachers Organisation (INTO), the union for primary teachers, instructed its member-
ship not to be involved in the pilot programme. In December 2014, the pilot project has
150 schools and 190 NQTs involved in the project (Teaching Council, 2012).

1.7 In Career Development: The Third Phase
of the Continuum

The third component of the continuum, continuous professional development for
teachers, has now come to the fore. The Teaching Council recently issued an invita-
tion for suggestions about the development of a national framework for CPD in
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Ireland (Teaching Council, 2014). This invitation was issued in the first instance to
the registered teachers only and took the form of (a) consultation workshops, (b) an
online questionnaire for individual teachers and (c) school-based meetings.

This first phase of the consultation was completed on January 16th, 2015. The next
phase of the process involves the collation of the feedback with a view to designing
the first draft of the framework. This will then go to teachers and to the stakeholders
for further consultation before the publication of a CPD framework in March 2016.

The amount of change within the education sphere has been significant since the
commencement of the Education Act in 1998. But the changes to the profession of
teaching have been even more significant since the first.

Teaching Council came into being in 2006. In the 8 years since its inception,
there have been significant changes made in relation to teaching in Ireland. All ITE
programmes have now been reviewed, accredited and extended. Induction work-
shops are now mandatory for all NQTs and, with the commencement of Section 30
of the Teaching Council Act in September 2014, all teachers at primary and second-
ary levels within the state who are paid from state funds are registered with the
Teaching Council. The vast majority of the changes have been brought about
through consultation with stakeholders, and the effect of these consultations can be
seen in the differences between draft and final versions of many of their policies.

1.8 Curricular Changes and the New Junior Cycle Programme

Concurrent to the implementation of changes to the structure of the teaching profes-
sion in Ireland was another change, namely a change to the Junior Cycle Programme
in secondary schools. In November 2011, the National Council for Curriculum and
Assessment (NCCA), a statutory body responsible for advising the Minister, pub-
lished a framework for Junior Cycle, including a change to the assessment processes
currently used as part of the Junior Cycle. The document, “Towards a Framework
for Junior Cycle—Innovation and Identity”, was developed in consultation with
stakeholders in the system and clearly indicated that changes to all other parts of the
programme was dependent on a change to the mode of assessment, particularly the
reliance on a state-administered terminal examination (NCCA, 2011). In 2012, the
Minister for Education and Skills, Ruairi Quinn, announced the radical reform of
the Junior Cycle with the changes to be introduced to students on an incremental
basis from September 2014 (Department of Education and Skills, 2012a, 2012b).
Although this chapter has not taken curricular change within the schools as a
focus, this change is particularly significant in Irish education. It occurs in a climate
of austerity, where posts of responsibility were cut within schools and teacher sala-
ries were reduced as part of a national plan. Not only does it affect the tradition of a
state examination at the end of the Junior Cycle of education, its introduction coin-
cided with the introduction of the extended ITE programmes at second level and
with the development of the pilot programme for induction. The Junior Cycle
changes were, and still are, highly contested. To date, two strike days have been
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called by the teacher unions and attempts at mediation between the Department of
Education and Skills and the teacher unions are at a standstill. In the current climate
of austerity within Ireland, the number of changes appears to have been too much
for the teaching population to contend with. Yet the irony is that in many schools,
the developmental work continues. Pilot schools for the Induction programme con-
tinue their work, experienced teachers engage in the development of student teach-
ers, work goes on in relation to developing assessment for and of learning within
schools and classrooms. While the national picture is one of unrest, not just in the
education sphere but in other areas of life as well, there also appears to be a sense of
“getting on with it” in many aspects of working life.

2 Challenges and Opportunities for Educationalists

Fullan (1991) described the change process as having four broad phases: initiation,
implementation, continuation and outcome. While changes do not occur in a linear
fashion, with one change completed and institutionalised before the next change is
initiated, it is worth considering the changes within Irish education at the moment
and the phase within which each finds itself at this moment in time.

Changes to ITE programmes and to the institutional structures supporting them
lie somewhere between initiation and implementation as does the new process of
induction of newly qualified teachers. CPD is at a pre-initiation stage, with consul-
tation as part of the initiation process. Junior cycle changes are stalled somewhere
between initiation and implementation. This points to a system that is heavily
loaded at the initiation and implementation stages, where a number of the changes
are both strongly interlinked and dependent on the same group of educators to
implement the changes. Yet it is natural that these changes, particularly to the pro-
fession, would occur synchronously. As the requirements for entry to programmes
change, the programmes are longer and more costly, and the exit award is at the
master’s level for consecutive programmes, it is understandable that the induction
into the profession is also experienced in a structured and professional manner.
Teachers who now take a role in induction into the profession also need opportuni-
ties to upskill and to have their professional development recognised in a formal
manner. It gives a real opportunity for the profession to take upon itself a responsi-
bility for who enters the profession and to have a clear part to play in that decision.
As student teachers spend more time in schools, it gives experienced teachers a real
opportunity to involve themselves in educating the profession and to become teacher
educators in the first-order setting of the school.

With every opportunity comes a challenge or a constraint. In this instance, the
biggest concern with the change to ITE lies in the areas of equality and diversity.
While the Finnish model of extended ITE programmes at the master’s level is lauded,
one must also look at the ways in which this model is funded. Those who choose to
become teachers will have fees paid and will receive a stipend while they study. For
me, this is an important part of the pre-service induction into the profession as it
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allows those who will enter the profession to do so in a focused manner from the very
beginning. In Ireland, the concurrent programmes currently have total fees of
€10,800—€12,000 across the 2 years. Due to public funding of the fees for under-
graduate programmes, students on concurrent programmes incur much smaller costs.
The change in policy could potentially result in concurrent programme teacher edu-
cation becoming the programme of choice for the potential teacher. This financial
burden will also affect those who decide to enter teaching as a second career as they
typically have other financial commitments, such as mortgages and families, at that
stage of their lives. When the Education Department of NUI Maynooth responded to
the Literacy and Numeracy Strategy, one of the points made concerned the potential
reduction in diversity within the teaching population.

As teacher education courses are extended to 2 years duration, the cost to student
teachers, in terms of fees, and in lost earnings, are increased. It would be regrettable
if, as a consequence, teaching became less accessible to those from less wealthy
families. Care should be taken to ensure that the extended duration of the pro-
grammes is matched by the availability of grants and other supports to ensure equi-
table access to the profession from a diversity of backgrounds (Education Department
NUI Maynooth, 2011, p. 4).

Although grants such as the Back to Education grant and Student Universal
Support Ireland are available, early indications from the first student cohort on the
2-year programmes points to the awarding of very small grants that in most instances
cover only 30 % of fees. Graduates face the prospect of beginning their work as
teachers with substantial debt accrued, a reduced starting salary and a lack of full
time teaching jobs available.

Another area of concern lies with the current induction model involving atten-
dance at a prescribed number of workshops over the course of the year. In the
absence of employment opportunities for NQTs, some find themselves attending
the workshops while unemployed, others while teaching on temporary/part-time
contracts with little consistency and a third group who have emigrated but return to
attend these workshops as part of their requirement for registration. Some induction
models, such as that used in the Scottish system, offer an induction year where the
NQT is placed with a particular school, is given a timetable amounting to 70 % of a
full teaching timetable and is offered support both at school and at national level.
The introduction of such a strategy would serve two purposes; it would allow the
NQT to consolidate what he or she has learned in ITE, and it would ensure that there
is an income for the first year which could be used to alleviate some of the debt
accrued during the ITE programme.

3 Thinking About the Future

As mentioned earlier, we are at initiation and implementation stages of the change
process in many structures within the education system in Ireland. Where will these
changes be in 5 years or in 10 years time? Will we be at the continuation stage,
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where the changes have become institutionalised and the twin processes of initiation
and implementation are distant memories? What needs to happen over the next 5
years in order for the changes to become institutionalised?

Some of the factors have already been mentioned in the previous section. There
is a need to think systematically about the impact of the changes on the system and
the individuals therein. Structured funding opportunities are necessary, as are struc-
tures that support the NQT in finding teaching work in the years post-qualification.

As the economic future begins to brighten, the lessons we learned in the after-
math of the Celtic tiger need to be taken on board. A significant percentage of GDP
needs to be earmarked for education. Meaningful career development prospects
need to be developed for the teaching profession. We need to find ways to learn
from our returning emigrants and the things that they have learned while teaching in
other countries and other systems. Above all, we need to remember that the use of
consultative processes in the design of policy is critical to the continued democratic
development of education in Ireland.
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Chapter 4
Digital Learners and Digital Teachers:
Challenges, Changes, and Competencies

Ronghuai Huang and Junfeng Yang

Abstract Technology has changed almost every sector of society, but there are
little changes in education compared with changes in the other sectors. In the past,
research mainly focused on using technology to improve learning performance or
teaching efficiency. However, little attention has been paid to the influence of tech-
nology on the characters of students and teachers themselves. Students and teachers
are the two most important factors in any educational system. In this age of trans-
formations, attention should be paid to the changes in students and the knowledge
of teachers. In this chapter, we first discuss the character of students who have
grown up with digital technologies and the Internet. Then, we analyze the changes
in teachers’ knowledge, and what knowledge needs to be developed. Finally, we
analyze the challenges, changes, and the competences for students and teachers in
this digital age from the perspective of an educational ecosystem.

Keywords Digital learners * Digital natives ¢ Digital teachers ¢ Net generation ®
PCK « TPCK

1 Introduction

With the rapid development of information and communications technologies
(ICT), technology has gradually seeped into all sectors of society, and all walks of
life have experienced changes due to technology. The introduction of multimedia
technology in education has the potential to change the process of learning and
teaching. Current research has focused mainly on the impact of technology on
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learning performances or teaching efficiency. Little attention has been paid to the
deep changes in students and teachers as a result of new technologies. From an
educational ecological standpoint, these changes may be an important barrier to
educational reform. With the application and popularization of technology in all
walks of life, learning environments have changed, the characteristics of the stu-
dents have changed, and the abilities of teachers have also changed. It is generally
believed that students, teachers, and content are the three basic elements of an
educational system, with students and teachers being the most dynamic and impor-
tant factors. Today, the three elements themselves have undergone significant
changes, and reexamining the special characteristics of these three elements in the
digital age have, and will enable us to more clearly understand the educational
process to promote educational reform.

2 Digital Generation of Learners

Because students’ lives today are saturated with digital media at a time when their
brains are still developing, several popular press authors have suggested that
media use has profoundly affected students’ abilities, preferences, and attitudes
about learning (Thompson, 2013). Tapscott (1998), Howe and Strauss (2000),
Prensky (2001) and Gasser and Palfrey (2009) have argued that today’s genera-
tion of learners behave differently than the previous generation because they have
been immersed in a world infused with digital technologies. It is claimed that they
learn differently, they exhibit different social characteristics and have different
expectations about life and learning. These researchers believe that this digital
generation of learners prefers active rather than passive learning, using digital
technologies and collaborating to finish work. However, researchers like Bennett,
Maton, and Kervin (2008), Selwyn (2009), Chris Jones, Ramanau, Cross, and
Healing (2010) and Romero, Guitert, Sangra, and Bullen (2013) have argued that
although digital technologies are associated with significant changes in the lives
of young people, there is no evidence of a serious break between young people
and the rest of society with regard to learning.

The debate started by Bennett et al. (2008) continues drawing attention from
many researchers even now (Bennett & Maton, 2010; Demirbilek, 2014; Jones &
Czerniewicz, 2010). The current debate about digital natives could be interpreted
in two ways. The first way concerns whether to admit there is a generation of
digital learners entering schools, with different behavioral characteristics and
learning preferences from the previous generation of learners; authors such as
Prensky (2008) and Wilson (2010) believe that digital natives have been entering
school, and their behavior and thinking habits are quite different from their par-
ents who might be considered digital immigrants. Researchers such as Bennett
et al. (2008) and Chris Jones (2013) believe that students vary widely in gender,
socioeconomic backgrounds, countries, and regions considering technology use
and learning preferences.
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The second way to think about this concerns whether taking age as the main
mechanism to divide digital natives from digital immigrants is meaningful.
Tapscott (1998) argued that the net generation was born between January 1977 and
December 1997. On the other hand, Prensky (2001) took the 1980s as a dividing
line; people born before 1980 are regarded as digital immigrants and after as digi-
tal natives. Authors such as Bennett and Maton (2010) believe that taking age as a
division mark is too arbitrary and prone to cause confusion and misunderstanding,
in part because digital immigrants can never become digital natives with the impli-
cation that a teacher born before 1980 might never be able to meet the needs of
digital native students.

The debate sketched above with seemingly contradictory views is in fact only
two perspectives of many to describe the situation. These two include a macro-
perspective focused on a general tendency, and a micro-perspective focused on spe-
cific characteristics and learners. Both the macro- and micro-perspective are critical
for understanding the new generation of learners. Q. Wang, Myers, and Sundaram
(2013) suggest that there is a continuum rather than a rigid dichotomy between digi-
tal natives and digital immigrants, which can be conceptualized in terms of digital
fluency. Accordingly, we propose the neutral term “digital learner” to reconcile the
above debate. Age is not the definitive division marker of a digital learner; the time
spent using digital technologies and the technologies used are better indicators of a
digital learner, which we hope to establish in this chapter.

Some researchers argue based on empirical research about the impact of tech-
nology on today’s learners (Bennett & Maton, 2010; Gros, Garcia, & Escofet,
2012; Thomas, 2011). A growing body of theoretical and empirical research aims
to identify characteristics of young people’s experiences with technology and the
factors influenced their habits in using ICT (Corrin, Bennett, & Lockyer, 2013;
Demirbilek, 2014; Romero et al., 2013; Varela-Candamio, Novo-Corti, & Barreiro-
Gen, 2014). Howe and Strauss (2000) identify these basic characteristics of millen-
nials (born between 1980 and 2000): (a) feeling special, (b) having been sheltered,
(c) being confident, (d) being team-oriented, (e) being achievement-oriented, (f)
feeling pressured, and (g) being conventional. Prensky (2001) argues that twitch-
speed, multitasking, random-access, graphics-first, active, connected, fun, fantasy,
and such are the major characteristics of digital natives. Oblinger (2003) believes
that high digital aptitude, a preference for multitasking, literacy across multiple
media, a culture for sharing information, a need for speed of information delivery,
and a desire to be constantly connected were the characters of the new students
entering into university. Teo (2013) developed a digital natives assessment scale
with the four characteristics: (a) grew up with technology, (b) is comfortable with
multitasking, (c) is reliant on graphics for communication, and (d) thrives on
instant gratification and rewards. Teamwork or collaboration is another unique and
important character (Tapscott, 2008).

As a consequence of this review of the literature, the following characteristics
are those that should be empirically tested in further research: (a) grew up with
technology, (b) likes to multitask, (c) enjoys teamwork, and (d) is reliant on
graphics (see Table 4.1).
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Table 4.1 Characteristics of digital learners

Dimensions Details
Grew up with technology — How many years he/she has used the Internet
— Time spent on the Internet every day
— Self-confidence in using the Internet
— Using digital devices
Likes multitasking — Prefers to listen to music while doing homework,
etc.

— Is able to chat with classmates while doing
homework, etc.

— Always uses more than one computer application

— Uses multiple resources for acquiring knowledge
after class

Enjoys teamwork — Collaboration online/Collaborative learning in
classroom

— Curiosity about new events online
— Chatting and meeting online
— Sharing with others online

Is reliant on graphics — Watches video online/offline
—  Prefers to read graphics than texts
— Prefers to use pictures to express

3 Teachers’ Knowledge: From PCK to TPCK

With the times changing and technologies utilization in education expanding, the
scope and the nature of teachers’ professional knowledge has changed. In order to
promote teachers’ professional development, it is particularly urgent to sort out
teachers’ professional knowledge and to understand the characteristics of the con-
temporary teachers’ knowledge from an historical perspective. Pedagogy Content
Knowledge (PCK; Shulman, 1986) as a framework for teachers’ knowledge has
been taken as an important reference for teachers’ professional development and
pre-service teachers’ training from the 1980s to the present. In today’s informa-
tion society, digital technologies have swept through every corner of life, and it
also has increasingly affected what teachers should know and be able to do.
Technology Pedagogy Content Knowledge (TPCK; Mishra & Koehler, 2006)
emphasizes the interaction of technology in every element of PCK, along with the
integration of technology into the entire process of teachers’ professional knowl-
edge, which is now generally taken as a framework for teachers’ knowledge in the
information age. Understanding the changes from PCK to TPCK is at the core of
promoting education reform.
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3.1 PCK and Teachers’ Knowledge

In the early 1960s and 1970s, with the influence of behaviorism theory, the study of
teachers’ knowledge mainly focused on the effectiveness of teaching by investigating
teaching behaviors associated with student achievement, demonstrating that some of
teaching behaviors could promote student achievement (e.g., providing timely and
informative feedback after each student performance). With the rise of cognitive psy-
chology, educational studies began to shift to the cognitive processes behind teaching
and learning behaviors, with a focus on instructional design and the selection of teach-
ing strategies in the classroom. Teaching knowledge was mainly referred to as peda-
gogy, and a sharp separation between content knowledge and pedagogy developed. In
order to resolve this sharp separation, Shulman (1986) proposed a new perspective on
teachers’ knowledge, which is the PCK framework. He argued that teachers’ knowl-
edge should include subject matter content knowledge, pedagogical content knowl-
edge, and curricular knowledge. PCK not only emphasized the subject matter content
knowledge and pedagogical knowledge, but it also emphasized how to integrate the
two knowledge areas effectively in different educational contexts.

PCK was a major development in teachers’ knowledge, which showed the ele-
ments of teachers’ knowledge and the dynamic link of the knowledge. PCK pro-
vided a theoretical guidance for pre-service teachers’ training and teachers’
development, emphasizing the integration of subject knowledge and pedagogy,
which has boosted the practice of effective teaching.

3.2 TPCK and Teachers’ Knowledge

PCK was proposed based on fragmented view of subject knowledge and pedagogical
knowledge for teachers’ knowledge in the 1980s; it aroused heated debates but was
gradually recognized and has been widely used. In the beginning of the twenty-first
century, with information technology becoming popular in education, it was urgent
for school teachers to improve their ability of integrating technology into education.
Many countries carried out countrywide large-scale training to improve teachers’
knowledge in using technology. However, the results of the training did not bring the
expected improvements in teaching, and many teachers could not well integrate tech-
nology into the curriculum to promote effective teaching. Considering the problem,
Mishra and Koehler (2006) proposed a conceptual framework by building on
Shulman’s formulation of pedagogical content knowledge and extended it to include
integrating technology into learning and instruction, which they named TPCK. TPCK
highlights the connections and interactions among content, pedagogy, and technol-
ogy. Furthermore, the complex interactions among the three kinds of knowledge was
reframed as Technological Pedagogical And Content Knowledge (TPACK)
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describing it as the total package required for integrating technology, pedagogy, and
content knowledge in the design of curriculum and instruction (Jang & Chen, 2010).
TPCK enriched and developed the structure of teachers’ knowledge in the
information age. TPCK is highly scenario dependent, which could not be isolated
from the specific teaching scenarios. Therefore, teachers’ TPCK could only be
developed in specific teaching scenarios rather than technology training courses.

3.3 TPCK for Chinese Teachers

Teachers’ knowledge has changed from PCK to TPCK, and it is easy to see the
importance of interactions between technology and other elements of teachers’
knowledge in the TPCK. The Chinese government has recognized that teachers’
ICT ability is an essential professional factor in the information society. In order to
improve their ICT ability, the Chinese Ministry of Education (MOE) has imple-
mented large-scale primary and secondary teacher training regularly, which aims at
helping teachers use ICT effectively and updating their teaching philosophies.

The MOE issued the Educational Technology Competency Standards for
Teachers (Trial) in 2004, which defines the educational technology competency
standards of teaching, management, and technical staff. The MOE launched the
National Primary and Secondary Teachers Educational Technology Capacity
Building program in 2005. More than six million teachers were trained. In October
2013, the MOE launched the National Primary and Secondary School Teachers ICT
Application Capacity Improvement project, combining training, assessment, and
application that focus on teachers’ active usage of ICT in daily teaching activities.
The project stipulated the standards of teachers’ ICT capacities, the standards of
training courses, and the guidelines for capacity evaluation; the mechanism for this
project was based on training by demand, credit management, and self-regulated
learning; the training model was blended, situational experiencing and real-time
monitoring. The aim of the project was to train more than ten million primary and
secondary teachers by 2017. The National Teacher Education Alliance (NTEA,
http://www.tuchina.cn) is an innovation project on teachers’ education, supported
by MOE and jointly sponsored by more than 10 well-known domestic normal uni-
versities and research institutions. It is conducted to integrate quality-learning
resources depending on online support platform for the change of teachers’ educa-
tion pattern and for the cultivation of qualified teachers in this information age.

4 Challenges, Changes, and Competences

The use of ICT in education is an important element in many countries’ educational
development strategy because ICT is often anecdotally associated with improve-
ments in quality of classroom instruction, provision of innovative instructional
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opportunities by teachers for students, and improvements of the capacity at the
administrative or policy level (Tolani-Brown, McCormac, & Zimmermann, 2011).
Many countries have initiated policies and strategies for the infusion of ICT into
their schools, and they share the belief that a critical factor in the nation’s economic
success is how well their citizens can adapt and thrive in a global ICT environment
(Looi & Hung, 2005). Therefore, scaling up the ICT-driven innovation is commonly
believed to be a key factor in the further development of education; however, it is
also a big challenge for every country.

In this chapter, we held the idea that students and teachers has changed, and
educational transformation through using ICT should understand the characters of
digital learners and improve teachers’ TPCK knowledge.

In order to understand digital learners, research could be carried out in a num-
ber of ways:

1. From the perspective of learning psychology to explore whether the students’
cognitive style has changed. Cognitive style is the demonstrated habituation
behavior patterns of any individual in the cognitive process, which often refers to
the consistent individual different preferences of organizing and processing
information and experiences. Whether digital learner’s information processing
model has uniform characteristics by long-term use of digital technology, needs
research and confirmation from experimental studies.

2. From the perspective of the neurobiology to explore whether digital learner’s
brain structure and ways of thinking has changed. Neurological studies have
shown that brain structure is evolving constantly, and the brain networks of dif-
ferent learning styles are often different. Whether digital learners have formed
unique neural network structure because of the impact of digital technology,
requires further study.

3. From the perspective of social psychology to explore whether digital learners
have developed a hypermedia thinking because of growing up in the digital envi-
ronments. In film editing, nonlinear editing for digital video signals are the digi-
tal features that make hypermedia possible and widely used. Whether the
thinking patterns have changed because of long-term immersion in the digital
and network environment, needs to be studied and confirmed from the perspec-
tive of experimental psychology.

4. From the perspective of Internet addiction to explore whether the use of technol-
ogy has generated excessive reliance on technology and what are the undesirable
results. All parents have the same confusion of how to guide their children’s use
of computers and the Internet to avoid excessive use of the Internet. How to con-
firm the technological dependence and their consequences, so as to clarify the
use of technology to provide a reference for parents and educators, will be
another important research direction.

In order to improve teachers’ TPCK knowledge, research or practice should be
carried out in the following aspects.
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1. Promote teachers’ knowledge transiting from PCK to TPCK. Due to technology
integration into teaching, the content of learning has changed, the ways of teach-
ing and learning has changed and the framework of teachers’ professional
knowledge has changed. Research or practice should be implemented to let
teachers realize the change and find ways to develop skills of integrating ICT in
teaching. However, when emphasizing the importance of technology, we should
avoid the errors of techno-centrism, but to pay attention to the integration of
technical and professional knowledge.

2. Development of teachers’ TPCK knowledge could not just rely on training, and
more authentic training scenarios could happen in real classroom. Classroom teach-
ing is a complex field full of ill-structured problems, where teachers always need to
think about a series of problems, like “what to teach,” “for whom,” “how to teach,”
“why teach,” and so on. The situation in ICT supported classroom teaching will face
more ill-structured problems, where training will have the best results.

3. Leveraging technology to boost teachers’ professional development.
Technologies have enabled innovative patterns of teaching and learning models,
such as flipped classroom, micro-course, and MOOCs. The teachers who are
confident with using technology always adopt these new emerging teaching and
learning patterns to make their classroom success.

Students and teachers are the two most important factors in any educational sys-
tem. In this information age, digital learners and digital teachers have new charac-
teristics involving the use and integration of technology into learning and instruction.
This chapter only raises issues related to these changing characteristics; specifically,
the argument is that teacher training and professional development should embrace
TPACK. More research is needed to fully understand how best to support the devel-
opment of teachers’ TPACK and what the consequences of doing so will be.
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Chapter 5
Pre-Service Teachers’ Perceptions of School
Development

Nicole Bellin-Mularski, Dana-Kristin Mah, and Dirk Ifenthaler

Abstract An in-depth understanding of the complexity of factors influencing
school organization and development is a prerequisite for successfully responding
to constant change within schools, where teachers are expected to play an integral
part. This study investigates pre-service teachers’ understanding of relevant fields of
school development. A sample of 951 pre-service teachers participated in this study.
Findings indicate that pre-service teachers’ understanding is rather low. Even a
6-month school-based training program does not provide a deeper understanding of
factors influencing school development. A competency-based training program
focusing on school development is suggested.

Keywords School development ¢ Pre-service teacher ® Teacher training

1 Introduction

Over the past years, several large-scale innovations have taken place in the German
education system (e.g., the establishment of all-day schools, the restructuring of the
first years of preschool, and the modification of the segmented secondary education
system with a more comprehensive system). These innovations not only aimed to
change the structure of the educational system to ensure more educational justice
but also required new educational curricula and cooperation between different pro-
fessions (Kuhlee, 2015). Researchers have claimed that such organizational change
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is most effective when it is not carried out fop-down, and educational governance
research emphasizes the complex interaction between government, school boards,
and actors at the school level when implementing these reforms (Hallinger & Heck,
2010; Harris, 2004). Therefore, teachers are expected to play an integral part in this
process of organizational change by developing new forms of cooperation, imple-
menting new learning and teaching methods, and participating in continuing educa-
tion. Accordingly, coping professionally with school innovations has become an
ongoing requirement for teachers (Hsiao, Chang, & Chen, 2013).

Consequently, the standards for teacher education in Germany describe the com-
petence for innovation and school development as one of four principles in pre-
service teacher education, complementing teaching, educating, and diagnostics
(KMK, 2004). The standards of the Standing Conference of the Ministers of
Education and Cultural Affairs describe the focus on innovation for pre-service
teacher training as knowledge of the aims and methods of school organization and
development or knowledge about conditions of cooperation (KMK, 2014). For the
present study, we conceptualize school development in a broader perspective as a
systematic and reflective process that aims on improving the educational quality at
the system, school, and teaching levels.

Educational research distinguishes teacher knowledge in terms of three different
fields that have been discussed extensively in the literature. According to Shulman
(1986), these are content knowledge, pedagogical content knowledge, and generic
pedagogical content knowledge. This theoretical construct has been further comple-
mented by the addition of components such as organizational knowledge and coun-
seling knowledge (Baumert & Kunter, 2006). From a theoretical perspective,
knowledge and understanding of school organization and development can be sub-
sumed under generic pedagogical content knowledge. So far, there is relatively little
empirical evidence regarding the effects of these different areas of teacher knowl-
edge on educational quality or on student outcomes (Baumert & Kunter, 2006;
Darling-Hammond, 2000; Shulman, 1986).

Considering the necessity to actively participate in teaching and school develop-
ment processes, this study explores the organizational understanding of pre-service
teachers. It investigates how pre-service teachers assess their understanding of school
development and it explores whether pre-service teachers gain more insight into rel-
evant areas of school development after completing their school-based training.

2 Theoretical Framework

2.1 Teacher Knowledge

Research on teacher competencies identifies a variety of professional competencies
teachers need in order to act in and assess complex pedagogical situations. There are
different classifications that cover subject, methodological, social, and individual
competencies or describe essential competencies and practices that teachers need to
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acquire (KMK, 2004; Terhart, 2002). Since the 1980s, psychological research on
professional competencies and teaching expertise has emphasized the cognitive
facet of teacher knowledge. In Shulman’s (1987) theoretical framework, teacher
knowledge encompasses content knowledge of the subject itself, pedagogical con-
tent knowledge about how to present particular problems and topics to students and
how to adapt them to learners with diverse interests and abilities, and general peda-
gogical knowledge, which includes aspects like classroom management, curriculum
knowledge, and knowledge of educational contexts. Baumert and Kunter (2006)
added organizational knowledge and counseling knowledge to these domains.
Within this research, the difference between declarative and procedural knowledge
is generally accepted and is further differentiated according to types and qualities of
knowledge (de Jong & Ferguson-Hessler, 1996). Declarative knowledge refers to
factual knowledge and is a prerequisite for procedural knowledge. Teachers acquire
procedural knowledge mainly in the professional phase of their education and dur-
ing their whole professional career.

Current research focuses on multidimensional aspects of teaching competence.
Besides general pedagogical knowledge, pedagogical content knowledge, and con-
tent knowledge, it also includes motivational aspects, beliefs, and self-regulation
skills (Baumert et al., 2010) or an examination of what distinguishes experienced
teachers from novice teachers (Bromme & Haag, 2004). Another focus lies on
mathematical content knowledge of teachers and its effects on student outcomes
(Hill, Rowan, & Loewenberg Ball, 2005; Konig & Blomeke, 2009; Krauss, Baumert,
& Blum, 2008). Further research focuses on teachers’ ability to design lessons and
how their cognitive structure (Borko & Putnam, 1996), creativity (Hanke, Ifenthaler,
& Seel, 2011; Sternberg & Lubart, 1999), beliefs (Maggioni & Parkinson, 2008),
and motives (Watt & Richardson, 2007) influence their lesson planning. In contrast,
research on the assessment of general pedagogical knowledge is rare. TEDS-M, a
study that examines general pedagogical content knowledge of pre-service teachers
at the end of their university education, emphasizes teaching, classroom manage-
ment, differentiation, and motivation of students as relevant areas (Konig, 2010).

In a recent research review and conceptual analysis, Cochran-Smith et al. (2012)
identified six distinguishable genres that examine connections between teachers’ edu-
cation and outcomes. As genre four, they identified research on teacher preparation
programs and their graduates. Studies in this genre focus on graduates of particular
teacher preparation programs and outcomes like career paths, beliefs, practices, and
sense of preparedness. For the present study, this genre provides insights into research
conducted in the field of pre-service teachers and curriculum content (Athanases &
Martin, 2006; Fry, 2007; Merino & Holmes, 2006). A majority of the studies examine
aspects related to teaching. However, studies researching educational standards and
knowledge on school development of pre-service teachers are rare (Blomeke, Felbrich,
Miiller, Kaiser, & Lehmann, 2008; Houston, 1990; Schaefers, 2002). For example,
Cobb (2001) investigated graduates from a professional development school pro-
gram, showing that these graduates perceive themselves as change agents in schools.
Although there is evidence that the program relates to teachers’ practices, the sample
size is too small to generalize these findings (Cobb, 2001).
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It is further argued that a conceptual model for research in teacher education
needs to consider a micro-, meso-, and macro-level with corresponding variables
(Blomeke et al., 2008; Diez, 2010). This research model suggests that areas of pro-
fessional competence and individual, institutional, as well as systemic factors influ-
ence the achievement of competence during teacher education. Standards of teacher
education and competence models are fundamental for reforming teacher education
(Cochran-Smith & Zeichner, 2005; Darling-Hammond & Bransford, 2005). For a
German discussion, see, for example, Baumert and Kunter (2006) and Terhart
(2002, 2012). While current empirical research focuses on the relationship of con-
tent knowledge, pedagogical competence, and effects of teacher performance on
learning outcomes of students, there is still very little evidence about the organiza-
tional content knowledge of pre-service teachers (Kennedy, Ahn, & Choi, 2008).
Research indicates that knowledge on school development during pre-service
teacher education needs to be linked to existing school development projects to
become effective. Additionally, Terhart (2012) states that standards for teacher edu-
cation are rarely implemented in German higher education and only a small part of
the teacher education curriculum focuses on general pedagogical content knowl-
edge as well as school development.

2.2 School Development

In the past decades, reforms in the educational system in Germany have aimed at
giving schools more autonomy, for example, decisions regarding the allocation of
budgets within the schools, and at the same time schools have become more
accountable to students and parents for their outcomes. The theoretical discourse
focuses on the school level as the center of school development. This perspective
has recently been expanded and now considers conditions and regulations on all
levels of the educational systems as important factors for assisting and evaluating
school development processes. This complex interaction between the system and
the school may result in different governance models (Rolff, 1998). Therefore,
theoretical assumptions of school development refer to a variety of theories and
emphasize the multilevel character of school development (Maag Merki, 2008).
On the governmental and school board level, the general structure and conditions
for school development are defined by laws and provisions. The second level
encompasses networks of schools and other relevant stakeholders that are involved
in school development within the school. The third level represents the actions of
the involved persons (e.g., teachers, school leaders) when implementing school
developmental processes.

Therefore, school development can be defined as a conscious and systematic
transformation that is carried out by the stakeholders at the school level. These
activities may focus on three dimensions: teaching (e.g., methodical training, stu-
dent learning, differentiation), staff development (e.g., supervision, team
observation, mentoring), and organizational development (e.g., school management,
school concepts, cooperation) (Rolff, 1995). The objective of school development
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processes is linked to dimensions of school effectiveness research (Creemers,
Scheerens, & Reynolds, 2000; Holtappels & Voss, 2008; Scheerens & Bosker,
1997). These models refer to context, input, process, and output dimensions of
effective schools and define school development as an important factor for enhanc-
ing school quality in these areas (Holtappels & Voss, 2008).

It is generally accepted that schools are embedded in a multilayered organiza-
tional system consisting of the general educational context (e.g., a country or state’s
specific administration and curriculum), school-related (internal) organizational
aspects (e.g., school management, innovation), and classroom management. The last
of these aspects is considered the most relevant for pre-service teachers (Latz, 1992;
Slider, Noell, & Williams, 2006; Stephenson & O’Neill, 2012; van Tartwijka, den
Brok, Veldmana, & Wubbels, 2009; Woodcock & Reupert, 2010). However, as men-
tioned above, competencies focusing on school development are becoming more and
more important. For the present study, we conceptualize school development in a
broader perspective as a systematic and reflective process that aims at improving the
educational quality at the system, school, and teaching levels. As an initial means of
accessing the field, we asked pre-service teachers to self-rate their understanding of
school development. Thus, the study’s objective is to investigate the participants’
subjective understanding but not their knowledge or even competencies.

2.3 Research Questions and Hypotheses

This study focuses on the dimension of school development by exploring how pre-
service teachers assess their understanding in relevant fields and whether there are
differences among pre-service teachers who have completed their school-based
training. In particular, it addresses the following research questions and hypotheses:

* How do pre-service teachers assess their understanding of school development?
An in-depth understanding of the complexity and interrelatedness of factors
influencing school development is a prerequisite for successfully adapting and
responding to constant change within schools. Given the inadequately repre-
sented curricular elements focusing on school development (Terhart, 2012), we
assume that pre-service teachers lack substantial understanding of school devel-
opment (Hypothesis 1a). In addition, the higher relevance of curricular elements
focusing on classroom management in pre-service teacher education suggests a
lower understanding of school development (Hypothesis 1b).

* Do pre-service teachers who have completed their school-based training assess
their understanding differently? While participating in school-based training
programs, pre-service teachers are expected to gain professional experience with
regard to school development (Le Cornu & Ewing, 2008). We assume that pre-
service teachers who have completed their school-based training have a higher
understanding of school development than pre-service teachers without profes-
sional experience (Hypothesis 2).
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* Do pre-service teachers have appropriate expertise and understanding of the
complexities of a school? School development takes place at different educa-
tional levels and is a complex interaction between various stakeholders within
the educational system (Maag Merki, 2008). Research shows that school devel-
opment is not fully considered by the curriculum of many universities
(Hohenstein, Zimmermann, Kleickmann, Koéller, & Moller, 2014). Thus, we
assume that pre-service teachers lack expertise and understanding of the inter-
relatedness and conditions of cooperation to classify the levels adequately
(Hypothesis 3).

* Do pre-service teachers with and without school-based training assess the
strength of relationships between educational levels with regard to school devel-
opment differently (Hascher, 2012)? We assume that pre-service teachers who
have completed their school-based training will have gained more insight into
relevant areas of school development than pre-service teachers without profes-
sional experience (Hypothesis 4).

3 Method

3.1 Setting

Teacher education in Germany is divided into teacher education for primary schools
and secondary schools. These types differ between the 16 German states regarding
the content of educational training and duration. Teacher education in Germany
starts with university training of 3-5 years and a practical training phase of between
1 and 2 years and ends with a master’s degree. A master’s exam is required. An
analysis of different curricula of higher teacher education revealed that aspects of
school development (e.g., organizational development, classroom management,
cooperation) are not consistently implemented in all states (see Table 5.1).

This finding corresponds to an analysis of course regulations and module hand-
books for teacher training programs at 16 German universities (Hohenstein et al.,
2014). Although goals of school development are implemented at 14 universities, the
authors state that it is not clear to what extent the content is covered (e.g., obligatory
or not) and that the documents give only a vague description of the content covered.

With the implementation of a new modularized curriculum which also accounts
for school development content for teacher education at a German university, pre-
service teachers were required to study (1) two scientific subjects (e.g., a combina-
tion of biology, chemistry, mathematics, languages, sports) and (2) psychological
and pedagogical subjects related to schooling as well as (3) participate in a 6-month
school-based training program.

As part of the quality assurance cycle of the newly implemented curriculum, we
evaluated pre-service teachers’ beliefs, understanding, and expectations. Pre-service
teachers were randomly asked to participate in the study. They were asked to com-
plete paper-based questionnaires.
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Table 5.1 School development as part of the pre-service teacher curriculum

Bachelor Master Required Course

BWw: - - -

BY* - - -

BE
BB
HB
HH - -
HE* +
MW +
NI +
NW -
RP -
SL® +
SN +
ST +
SH -
TH* + + +
Note: BW Baden-Wiirttemberg (Ruprecht-Karls-Universitit), BY Bavaria (Ludwig-Maximilians-
Universitdt Miinchen), BE Berlin (Freie Universitdt Berlin), BB Brandenburg (Universitét
Potsdam), HB Bremen (Universitidt Bremen), HH Hamburg (Universitit Hamburg), HE Hesse
(Universitdt Kassel), MV Mecklenburg-Western Pomerania (Universitdt Rostock), NI Lower
Saxony (Georg-August-Universitdt Gottingen), NW North Rhine-Westphalia (Universitét
Duisburg-Essen), RP Rhineland-Palatinate (Johannes Gutenberg-Universitidt Mainz), SL Saarland
(Universitét des Saarlandes), SN Saxony (Universitdt Leipzig), ST Saxony-Anhalt (Martin-Luther-
Universitidt Halle-Wittenberg), SH Schleswig-Holstein (Christian-Albrechts-Universitét zu Kiel),
TH Thuringia (Friedrich-Schiller-Universitét Jena)

State examination instead of a consecutive degree program

I+ +
+ |1
I+ + |+

+ [+ |+

+ 4+ o+
+ 0+ + +

3.2 Participants

A total of 1004 students from a southwestern German university took part in the
study. After an initial data check, 53 participants were excluded because they were
not enrolled in the teacher education program. The final set comprised 951 pre-
service teachers (63 % female and 37 % male). Their mean age was 21.98 years
(SD=2.63), and they had studied for an average of 3.79 semesters (SD=3.38).
Twenty-one percent of the participants had already completed their compulsory
6-month school-based training.

3.3 Instrument

The newly developed instrument consisted of three sections: (1) pre-service teach-
ers’ perception of their understanding of school development (39 items; e.g., school
autonomy, curriculum, management), with the items answered on a 4-point Likert



64 N. Bellin-Mularski et al.

scale (1 =no understanding, 4=very high understanding); (2) strength of relation-
ship between specific items focusing on school development (e.g., curriculum—
school development), with the strengths of relationship answered on an 11-point
scale (1=minimal relation, 11=maximal relation); and (3) socio-demographic
information such as age, gender, and study-related items, as well as participation in
the 6-month compulsory school-based training program.

3.4 Data Analysis

To analyze the first section of the questionnaire (pre-service teachers’ perception
of their understanding of school development), we conducted an exploratory fac-
tor analysis on the 39 items with orthogonal rotation (varimax) to identify clusters
of variables. The Kaiser—-Meyer—Olkin measure and the Bartlett’s test of spheric-
ity verified the sampling adequacy for the analysis (KMO =.93, »* (666)=11371.75,
p<.001). Seven factors in the data had eigenvalues over Kaiser’s criterion of 1
and in combination explained 53.42 % of the variance. The scree plot showed
inflections, which would justify a four-factor model. The four extracted factors
represent 44.15 % of the variance (see Table 5.2). Two items were removed due to
construct considerations.

The first factor, encompassing 13 items, refers to the understanding of classroom
organization and management and explains 12.93% of variance (Cronbach’s
a=.84). It combines aspects such as classroom climate, lessons, parents, and com-
pulsory control. Factor two represents the understanding of school management and
is determined by 13 items explaining 12.92 % of variance (Cronbach’s a=.87). It
comprises aspects referring to the school level, such as project management, school
assessments, and school board. The third factor refers to the understanding of cur-
riculum and explains 9.78 % of variance (Cronbach’s a=.79). It is composed of
seven items, such as core curriculum, educational plan, and educational policy. The
fourth factor represents the understanding of administration and is determined by
four items, such as school principals and parents’ council. It explains 8.52 % of vari-
ance (Cronbach’s a=.61). The identified subscales were classified according to the
questionnaire’s 4-point Likert scale. Table 5.2 depicts an overview of the factors, the
items loading on them, and the reliabilities.

Regarding the second part of the questionnaire (strength of relationship between
specific items focusing on school development), we conducted another exploratory
factor analysis (varimax rotation) on the 39 items that showed strength of relation-
ship with regard to school development. The Kaiser-Meyer—Olkin measure and the
Bartlett’s test of sphericity verified the sampling adequacy for the analysis
(KMO=.90, y2(666)=11685.55, p<.001). Nine factors in the data had eigenvalues
over Kaiser’s criterion of one and in combination explained 61.07 % of the variance.
A three-factor solution was considered as most appropriate. The three extracted fac-
tors represent 40.13 % of the variance (see Table 5.3). Two items were removed due
to construct considerations.
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Table 5.2 Overview of the four factors, reliabilities, factor loading, and items (first section of the

questionnaire)

Factor

1. Classroom
organization and
management

(13 items, a=.84)

2. School management
(13 items, a=.87)

3. Curriculum
(7 items, a=.79)

4. Administration
(4 items, a=.61)

Loading
.699

.684
.624
587
.561
.550
531
.520
488
471
461
.395
351
715
.688
.594
.535
.535
.526
474
468
466
460
446
423
376
712
.699
.680
.550
482
480
408
.633
.632
.619
.326

Items

Classroom climate

Class representative
Class

School climate
Parents’ evening
Working group
Compulsory control
Lessons

Class conference
Parents

Equal opportunities
School profile
Guiding model
Organizational development
Project management
School administration
Cooperation

School autonomy
Staff council

School organization
School board
Education authority
School supervising
School assessment
School law

Further education
Core curriculum
School curriculum
Educational plan
Syllabus

Specialist subject teacher conference
School staff meeting
Educational policy
Parents’ council
School principals
Upper level’s school office
Compulsory education



66

N. Bellin-Mularski et al.

Table 5.3 Overview of the three factors, reliabilities, factor loading, and items (second section of

the questionnaire)

Factor
1. Class level
(15 items, a=.86)

2. School level
(12 items, a=.85)

3. Educational policy level
(10 items, @=.83)

Loading
.688
.641
.639
.628
.584
.568
525
516
512
490
466
448
426
.395
.393
.681
.675
.631
.613
.604
591
.580
557
524
.520
485
314
151
705
.686
.663
.658
571
531
404
.394
.359

Items

Class conference—school development
Parents’ evening—school development
Class—school development

Classroom climate—school development
Class representative—school development
Working group—school development
Lessons—school development
Parents—school development

Compulsory control-school development
School climate—school development
Further education—school development
Equal opportunity—school development
Teacher—school development

School supervising—school development
Parents’ council-school development
School administration—school development
Organizational development—school development
Project management—school development
Cooperation—school development

Staff council-school development

School profile—school development

School board—school development
Guiding model—-school development
School autonomy-school development
School assessment—school development
School curriculum-school development
School principals—school development
Education authority—school development
Educational plan—school development
Syllabus—school development

School law—school development
Educational policy—school development
Upper level’s school office—school development
Compulsory schooling—school development
School staff meeting—school development
Core curriculum—school development

Specialist subject teacher conference—school
development
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Factor one represents the class level and is determined by 15 items, such as relation
between classroom climate and school development, relation between class confer-
ence and school development, or relation between parents and school development. It
explains 8.25 % of variance (Cronbach’s a=.86). The second factor is named school
level and comprises 12 items. It shows strength of relationship with regard to school
development for items such as school administration—school development, organiza-
tional development—school development, and school assessment—school develop-
ment. It explains 25.65 % of variance (Cronbach’s a=.85). Factor three represents the
educational policy level. It encompasses ten items, such as educational plan—school
development, compulsory education—school development, and school law—school
development. It explains 6.23 % of variance (Cronbach’s a=.83).

The identified subscales were classified according to the questionnaire’s 11-point
Likert scale. For an overview of the factors, the items loading on them, and the reli-
abilities, see Table 5.3.

Descriptive statistics were applied to test Hypothesis 1a and Hypothesis 3. We
conducted a Kruskal-Wallis H-test to test Hypothesis 1b and independent-sam-
ples t-tests to test Hypothesis 2 and Hypothesis 4. Initial data checks showed that
the distributions of ratings and scores satisfied the assumptions underlying the
analysis procedures. All effects were assessed at the .05 level, and effect sizes
were reported where appropriate.

4 Results

4.1 Pre-Service teachers’ Perception of Their Understanding
of School Development

Table 5.4 provides mean scores and standard deviations for the four subscales
(classroom organization and management, school management, curriculum, admin-
istration). The subscale classroom organization and management shows the highest
score (M=2.19, SD=.52) and the subscale school management the lowest score
(M=1.58, SD=.57).

In general, the participants rated their understanding of school development
rather low. The highest ranked subscale was classroom organization and manage-
ment (i.e., classroom climate, lessons), even though the mean score reflects little
understanding with regard to the 4-point Likert scale. The participants’ understand-
ing of school management (e.g., project management, school assessments, school
board) is even lower. These findings reinforce our assumption that pre-service
teachers lack substantial understanding of school development (Hypothesis 1a).

Regarding Hypothesis 1b, we computed a Kruskal-Wallis H-test to determine
whether the participants’ understanding of school management varied as a function
of whether they had understanding in classroom organization and management, cur-
riculum, or administration. Results of the analysis revealed significant differences
for classroom organization and management, y*(2)=134.663, p<.001, w=.40
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Table 5.4 Means and standard deviations for the subscales classroom organization and
management, school management, curriculum, and administration (N=_844)

Subscale M SD
Classroom Organization and 2.19 52
Management

School Management 1.58 .57
Curriculum 1.81 .61
Administration 1.85 .57

Note. Scale ranges from 1=no understanding to 4= very high understanding

Table 5.5 Results of independent-samples -test for differences in understanding between school-
based training and no school-based training (N=799)

School-based training

Yes No

M SD |n M SD |n 95% CI 1(797)

Classroom Organization |2.20 | .58 | 165 2.18 |.51 634 |-.062,.093 |-.373
and Management

School Management 1.61 |.61 165 |1.57 56 1634 | —-.102;.063 -.676
Curriculum 2.08 .67 165 |1.73 |.67 634 |-.446;-270 |—6.670%**
Administration 1.87 .63 165 [1.85 |.63 |634 | -.102;.065 |-.391

Note. Scale ranges from 1=no understanding to 4 =very high understanding; ***p <.001

(moderate effect), curriculum, y?(2)=224.054, p<.001, w=.51 (strong effect), and
administration, ¥?(2)=174.824, p<.001, w=.46 (moderate effect). Mann—Whitney
post hoc comparisons indicated that the participants had significantly higher under-
standing in classroom organization and management, curriculum, and administra-
tion than in school management (see Table 5.4 for descriptive statistics). Accordingly,
the findings support Hypothesis 1b, indicating that the pre-service teachers have a
lower understanding of school development in the area of school management when
compared to their understanding in classroom organization and management, cur-
riculum, or administration.

Regarding Hypothesis 2, we conducted four independent-samples t-tests to
compare the perceived understanding of pre-service teachers who had already
completed their school-based training and those who had not (see Table 5.5). For
the subscale curriculum, there was a significant difference in perceived under-
standing between pre-service teachers with professional experience (M=2.08,
SD=.67) and those without (M =1.73 SD=.58), 1(797)=-6.670, p<.001, d=.59
(medium effect). No significant differences were found for the subscales class-
room organization and management, school management, and administration.
Accordingly, the results support Hypothesis 2 with regard to the subscale
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curriculum. Overall, the low mean scores of all subscales indicate that even after
the initial school-based training, pre-service teachers do not have a deep under-
standing in the areas of classroom organization and management, school manage-
ment, curriculum, and administration.

4.2 Strength of Relationship Between Educational Levels
with Regard to School Development

Table 5.6 summarizes the mean scores and standard deviations for the three educa-
tional levels (classroom level, school level, educational policy level) with regard to
school development. The school level ranks highest (M=7.0, SD=1.42), closely
followed by the educational policy level (M =6.66, SD=1.57) and the classroom
level (M=5.85, SD=1.41). Thus, the results suggest that pre-service teachers
assume the school level to be the most relevant educational level for school devel-
opment. However, all three educational levels show similar mean scores (M=5.85
to M=7.0). This could indicate either that pre-service teachers suppose that all lev-
els are approximately equally relevant for school development or that they scored
towards the midpoint of the 11-point Likert scale because they lack a deep under-
standing of school development.

Hence, the results support our assumption that pre-service teachers fail to dif-
ferentiate sufficiently between educational levels with regard to school develop-
ment. The central tendency error reinforces Hypothesis 3.

We computed three independent-samples t-tests in order to test the fourth
Hypothesis (different assessment of educational levels with regard to school devel-
opment for pre-service teachers with and without school-based training) (see
Table 5.7). A significant difference was found for the school level between pre-
service teachers who had completed their school-based training (M =7.27,SD=1.59)
and those who had not (M=6.94, SD=1.38), #(-2.50)=-246.26, p<.001, d=.23
(small effect). There were significant differences neither for the classroom level nor
for the educational policy level regarding school development.

According to Hypothesis 4, we expected significantly different rankings for all
three educational levels. However, the results show only one significant difference
for the strengths of relationship with regard to school development. Pre-service

Table 5.6 Megns and Subscale M SD

standard deviations for the Classroom level 585 141

subscales classroom level,

school level, and educational School level 7.00 1.42

policy level (N=809) Educational policy 6.66 1.57
level

Note. Scale ranges from 1=minimal
relation to 11 =maximal relation
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Table 5.7 Results of independent-samples #-test for different assessment of educational levels
with regard to school development between school-based training and no school-based training
(N=767)

School-based training

Yes No
M SD n M SD n 95% CI1 1765)
Classroom level 5.99 1.42 170 15.83 |1.41 597 | -.399; -1.276
.085
School level 7.27 1.59 |170 694 138 |597 | -.599, —2.697***
.070
Educational policy 646 |1.69 |170 |6.71 |1.55 597 |-.024; —-1.788
level 516

Note. Scale ranges from 1=minimal relation to 11 =maximum relation; ***p<.001

teachers who had completed their school-based training assessed the school level as
significantly more important than did pre-service teachers with primarily theoretical
understanding based on their university education. However, the small effect size
indicates that even 6 months of professional experience in school does not contrib-
ute to an in-depth understanding of the complexity and interrelatedness of all edu-
cational levels influencing school development. Apparently, the inadequate
implementation of theoretical frameworks focusing on school development at
German universities (Terhart, 2012) might be confirmed for school-based training
courses at German schools too.

5 Discussion

Research on the effects of pre-service teachers’ education covers a wide range of
topics, for example, the effectiveness of pre-service education, what pre-service
teachers learn during their internship at schools, or what kind of problems pre-service
teachers have to cope with at various stages of their education (Bravo, Mosqueda,
Solis, & Stoddart, 2014; Hascher, 2006, 2012; Jones, 1982; Zeichner, 1986; Zeichner
& Tabachnik, 1985). However, there has been little empirical research focusing on
pre-service teachers’ understanding of school development. Therefore, this study
examined pre-service teachers’ subjective understanding of school development.

First, we analyzed pre-service teachers’ perception of their understanding of
school development. The exploratory factor analysis identified a four-factor model
(classroom organization and management, school management, curriculum, and
administration). We determined that the pre-service teachers’ self-estimated under-
standing of these constructs is rather low (Hypothesis 1 and 2).

Second, we wanted to examine how pre-service teachers assess different educational
levels of school development and whether there are differences among pre-service teach-
ers who have completed their school-based training. The exploratory factor analysis
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showed three educational levels (classroom level, school level, educational policy level).
Findings show that pre-service teachers tend to assess all levels towards the middle of the
Likert scale. They hesitated to classify them at either end of the scale (minimal relation or
maximal relation with regard to school development) (Hypothesis 3). Further, not even a
6-month school-based training program provides deeper understanding of the complexity
and interrelatedness of factors influencing school development (Hypothesis 4).

5.1 Practical Implications

Our observations have several practical implications for pre-service teachers’ edu-
cation. We suggest a competency-based training program focusing on school devel-
opment. This training program should include a game-based learning environment
for facilitating a deeper understanding of school development and further develop-
ing necessary competencies. The underlying game engine should be designed as a
computer-based modeling tool in order to facilitate deep understanding (Jonassen,
1999). The goal of the game is to improve the efficiency of a school by investing
time, effort, and money in different areas of the school and, as a result, reducing its
dropout rate as well as increasing its efficiency (Ifenthaler, 2009). Attewell and Seel
(2003) emphasize the problem of school dropout as an important issue in modern
society. Accordingly, as the target group of the game are pre-service teachers, the
chosen scenario provides a direct link to their professional life. Learning goals
include mental simulations, refinement of the learner’s model of school develop-
ment, the realization of the school dropout problem, and the accretion, tuning, and
restructuring of underlying knowledge structures. The implementation of the above-
described game in the teacher education curriculum may be expected to advance the
pre-service teachers’ overall understanding of school development prior to their
school-based internship.

Further, the pre-service teacher education curriculum should be advanced
through the implementation of stronger collaboration between pre-service and in-
service teachers using social media platforms (Chen, 2012). This vertical profes-
sional collaboration (pre-service teachers and in-service teachers) focusing on
school development is expected to facilitate a deeper understanding of school devel-
opment through mentoring and modeling (Lambson, 2010).

5.2 Limitations and Suggestions for Future Research

This study has obvious limitations that require consideration, primarily with regard
to sample characteristics and methodological issues. First, the sample included a
select group of participants from one university, thus prohibiting a generalization of
results. Future studies across institutions are required, so that more general conclu-
sions can be drawn. Second, the perception of understanding is biased and does not
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reflect the competencies of pre-service teachers. As an initial investigation of the
field, we analyzed pre-service teachers’ self-rated understanding of different aspects
of school development. Future research should include in-depth analysis of pre-
service teachers’ knowledge and competencies in the area of school development.
Third, we conducted two exploratory factor analyses to investigate the variable
structures of the questionnaire. The first section (pre-service teachers’ perception)
showed a four-factor solution as most appropriate, the second section (strengths of
relationships) a three-factor extraction. Sample sizes of 500 are seen as very good
and 1000 or more as excellent (Comrey & Lee, 1992). The sample size of the study
(N=951) is acceptable, but there is no evidence that both factor structures can be
replicated and therefore generalized. We suggest directly estimating the replicabil-
ity (Osborne, 2014).

5.3 Conclusion

As research in teacher education suggests (Ertmer, 2005; Kim, Kim, Lee, Spector,
& DeMeester, 2013), providing pre-service teachers with practice opportunities and
offering competency-based support and demonstrations of example cases, both
through face-to-face and virtual means, can enable them to better understand the
complexity of school development and become more successful educators. However,
an in-depth understanding of the complexity and interrelationships of factors influ-
encing school organization and development is a prerequisite for successfully
responding to constant change within schools, where teachers are expected to play
an integral part. In order to prepare teachers for constant innovation in twenty-first
century schools, curricula for teacher education must be tailored to reflect the mul-
tifaceted competencies teachers should possess on the system, school, classroom,
and individual levels.
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Chapter 6
School Analytics: A Framework
for Supporting School Complexity Leadership

Stylianos Sergis and Demetrios G. Sampson

Abstract Data-driven decision-making in education has received an increasing
level of attention on a global scale, especially with the raising interest on big data.
This trend has led to the development of two core analytics strands, namely Academic
Analytics and Learning Analytics. The former focuses mainly on the macro layer of
the organization and is addressed to higher education, while the latter focuses mainly
on the micro/meso layers of the organization. Considering the diverse focal points
and contexts of application of the two existing analytics strands, the ecosystemic
nature of K-12 schools as social complex adaptive systems, as well as, the need for
data-based evidence-driven school complexity leadership, we claim that a holistic
decision support approach for addressing the full spectrum of school leaders’ tasks is
required, beyond the existing analytics strands. Therefore, in this book chapter, we
introduce the concept of School Analytics as a holistic, multilevel analytics frame-
work aiming to integrate data collected from all micro-, meso- and macro- organiza-
tional layers. We analyze them in an intertwining manner towards providing
continuous feedback loops and systemic decision support to K-12 school leaders.
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1 Introduction

Data-driven decision making (DDDM) in Education has received an increasing
level of attention, on a global scale (Lai & Schildkamp, 2013). As a process, it refers
to the collection, analysis, and interpretation of institution-wide data towards gener-
ating insights and knowledge for informing practice and leadership in educational
settings (Mandinach, 2012). More specifically, within social complex adaptive sys-
tems such as educational institutions (Snyder, 2013), these data are generated by a
multitude of interrelated agents (e.g., teachers, leaders, students, parents, official
policies, infrastructural aspects) and are harvested mainly from three institution lay-
ers, as follows:

* Micro layer, which refers to the learning and assessment practices occurring
either within the physical educational organization premises or beyond them
(Kaufman, Graham, Picciano, Popham, & Wiley, 2014; Mandinach, 2012; Van
der Kleij, Vermeulen, Schildkamp, & Eggen, 2015). At the micro layer, DDDM
is primarily targeted at harvesting student educational data towards facilitating
the teacher (or faculty) to provide better learning experiences to students and,
eventually, support them in achieving better performance, interactions, progress,
and outcomes (Schildkamp, Karbautzki, & Vanhoof, 2014).

* Meso layer, which refers to the monitoring and evaluation of the teaching prac-
tices and curriculum planning of the school (Ifenthaler & Widanapathirana, 2014).
At the meso layer, DDDM is primarily targeted at facilitating the school leadership
team to analyze and assess the teaching practices (e.g., educational designs and
overall curriculum) that are employed in the educational organization.

* Macro layer, which refers to the organizational development processes of the
educational organization (Kaufman et al., 2014). At the macro layer, DDDM is
primarily targeted at facilitating the school leadership team to strategically delin-
eate the organizational business intelligence, e.g., staff professional development
(Schildkamp & Kuiper, 2010) or infrastructural resource planning (Breiter &
Light, 2006; Lai & Schildkamp, 2013).

Employing data-driven decision making processes, or Analytics as it is usually
referred to (Ravishanker, 2011; van Barneveld, Arnold, & Campbell, 2012), is consid-
ered to be instrumental towards effective organizational complexity leadership, since
it can provide a solid basis for formulating and sustaining essential interaction and
communication channels within the school system agents (Lai & Schildkamp, 2013;
Pistilli, Willis, & Campbell, 2014; Uhl-Bien, Marion, & McKelvey, 2007). These
channels provide continuous feedback loops to these agents (and the leadership team
in particular) and are at the core of sustainable School Complexity Leadership by
enabling and monitoring the emergence of the system—that is to say, the current
status of the system, which is not a linear sum of its constituent parts but has been
forged in a networked and unpredictable manner by the characteristics and interac-
tions of its agents (Uhl-Bien & Marion, 2009). As a result, the research community
has been striving towards identifying effective analytics methods for supporting
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leadership decision-making through the collection and exploitation of institution-
wide data (e.g., Cosic, Shanks, & Maynard, 2012).

Towards addressing the aforementioned goal in an educational context, the con-
cept of analytics has spawned two core strands, namely Learning Analytics (LA) and
Academic Analytics (AA) (Ferreira & Andrade, 2014; Long & Siemens, 2011;
Norris & Baer, 2013). Learning Analytics are addressed to all types of educational
institutions (e.g., K-12 schools and Higher Education Institutions—HEI), as well as
online education (e.g., Massive Open Online Courses—MOOCs), and mainly aim at
providing data-driven decision support for the micro/meso layers (Long & Siemens,
2011). Academic Analytics, on the other hand, are specifically addressed to HEI and
mainly aim at providing data-driven decision support on a macro layer related to the
Business Intelligence of the organization (Daniel, 2015; Siemens, 2013).

However, when the focus of study is narrowed down to K-12 schools, the afore-
mentioned analytics strands do not appear to be able to adequately support K-12
school complexity leadership. This hypothesis is based on the fact that K-12 school
leaders require holistic data-driven decision support in order to effectively engage
with their complex tasks, given the ecosystemic nature of schools as social complex
adaptive systems (Huang & Kapur, 2012; Sergis & Sampson, 2014a; Trombly,
2014). More specifically, these tasks require highly granulated data collection and
processing from all institutional layers towards generating continuous feedback
loops and communication channels. The latter two, that can be exploited by school
leaders for driving systemic school development and monitoring the state of the
schools’ emergence towards strategic insights (McQuillan, 2008; Miller & Page,
2007). In addition to this, school autonomy and accountability are being globally
pursued and promoted, thus assigning school leaders with higher levels of responsi-
bility than before (Hooge, Burns, & Wilkoszewski, 2012). Lastly, school leaders’
decision-making capabilities are hindered by the fact that existing decision support
systems have not yet reached their full potential to support the full spectrum of
school leaders’ tasks (Kaufman et al., 2014; Sergis & Sampson, 2016a).

Under the light of the above, it becomes evident that the two existing analytics
strands do not offer the capacity for the holistic decision support required by K-12
school complexity leadership, given their isolated focal points and leadership
objectives. Therefore, the contribution of this book chapter is the proposal for a
new educational analytics framework, namely School Analytics which aims at tack-
ling this shortcoming and, thus, facilitate K-12 school complexity leadership.
School Analytics are presented as a holistic multilevel analytics framework aiming
to integrate and analyze “Business” Intelligence (macro layer) data and Educational/
Learning (micro/meso layers) data in an intertwining manner towards the provision
of more granulated feedback loops to the school leadership. These feedback loops,
which require highly granulated and continuous mechanisms for capturing, analyz-
ing, and exploiting institution-wide educational data, can allow for the school lead-
ers to monitor and (partially) influence the emergence states of their school towards
meeting the needs of the school system agents (e.g., students, teachers, parents,
external policy mandates).
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The remainder of the book chapter is as follows. Section 2 defines the back-
ground of this work, namely the definitions and main objectives and methods of
analysis of Academic Analytics and Learning Analytics. Additionally, for each ana-
Iytics strand, a review of indicative existing systems is performed towards identify-
ing the level of accommodation provided for their respective objectives. Section 3
presents the background of school complexity leadership and the proposed School
Analytics concept in terms of focal points and objectives towards facilitating K-12
school complexity leadership data-driven decision making. Moreover, potential
implications of the School Analytics are discussed in towards the design of systems
offering systemic school leadership support affordances. Finally, Sect. 4 presents
the conclusions drawn and suggests future work in this agenda.

2 Background: Analytics in Education

The following subsections describe the two core educational analytics strands,
namely Academic Analytics (AA) and Learning Analytics (LA). Each of the two
strands are analyzed in terms of focal points and key leadership objectives they aim
at supporting, through the provision and exploitation of data generated in all layers
of educational institutions.

2.1 Academic Analytics
2.1.1 Academic Analytics Definition

Academic Analytics refer to data-driven decision-making practices for informing
operational purposes at the Higher Education level (Baepler & Murdoch, 2010).
Academic Analytics are addressed at providing HEI leaders with support for man-
aging the processes of the macro institutional layer, namely the “Business
Intelligence” (Chatti, Dyckhoff, Schroeder, & Thiis, 2012; Elias, 2011; Goldstein &
Katz, 2005; Siemens, 2013). These processes primarily refer to operational and
financial decision-making (Ferreira & Andrade, 2014; van Barneveld et al., 2012).
A similar term used in the literature is that of Action Analytics which considers
similar data and decisions at a macro layer towards the generation of informed
insights (Norris, Baer, & Offerman, 2009). For the context of this book chapter, the
term Academic Analytics will also incorporate Action Analytics.

Therefore, existing Academic Analytics approaches are directly linked to
orchestrating organizational processes such as student admission and management,
finance and fundraising, faculty management and infrastructure procurement
(Chatti et al., 2012; Daniel, 2015; Goldstein & Katz, 2005; Macfadyen & Dawson,
2012; Siemens et al., 2011).
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2.1.2 Academic Analytics methods and objectives

Academic Analytics approaches have largely relied on specific data analysis methods,
namely data mining, statistical analysis and predictive modeling (Baepler & Murdoch,
2010; Campbell, DeBlois, & Oblinger, 2007; Daniel, 2015). These analysis methods
have been primarily exploited in order to address a set of core objectives of Academic
Analytics, focusing on the macro layer tasks of the HEI. This set of core Academic
Analytics objectives is presented below, in terms of general description, required data
types, as well as the purpose for which they are being pursued:

* AA-Ol. Student Management: This objective relates to the facilitation of HEI
leadership to manage the diverse set of student data.

*  Common data types utilized are

— Demographic data (Campbell et al., 2007),

— Admission and past academic records (Antons & Maltz, 2006; Bohannon,
2007; Goldstein & Katz, 2005),

— Course enrollment status (bin Mat, Buniyamin, Arsad, & Kassim, 2013;
Pirani & Albrecht, 2005; Ravishanker, 2011) and

— Grants administered (Antons & Maltz, 2006; Norris, Baer, Leonard, Pugliese,
& Lefrere, 2008).

Main Purpose: Apart from the evident need of HEI leadership to keep track of their
student’s data, Academic Analytics have moved beyond mere capturing of these
data towards providing insights. Regarding student admissions in particular,
Academic Analytics can offer informed predictive recommendations on the best
student candidates, based on their previous academic performance and standardized
test results (Bichsel, 2012; Campbell & Oblinger, 2007; Vialardi et al., 2011).
Additionally, Academic Analytics have utilized predictive modeling techniques in
order to predict future admission and enrollment rates, towards strategically allocat-
ing available resources (Campbell et al., 2007; Norris et al., 2008).

*  AA-0O2. Infrastructure management: This objective refers to the management
of the available infrastructure and the provision of insights for targeted mainte-
nance and/or update (Goldstein & Katz, 2005).

e Common data types utilized are:

— The quantity and quality of physical and digital resources, such as IT equip-
ment (Campbell & Oblinger, 2007) and library resources (Bichsel, 2012).

— The aggregated level of usage of these resources (Bichsel, 2012; Campbell &
Oblinger, 2007).

Main Purpose: An evident purpose to oversee the quality of the HEI infrastructure
relates to the need to replace or update potentially “out-of-order” resources, either
physical (e.g., computers) or digital (e.g., the HEI Learning Management System).
Apart from this, these data can also be utilized in conjunction with other HEI func-
tion areas and provide insights, such as delineating more efficient admission and
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enrollment plans in order to optimize resource allocations (Campbell et al., 2007;
Long & Siemens, 2011).

* AA-0O3. Faculty management: This objective primarily relates to facilitating
HEI leadership to oversee and potentially support faculty in terms of perfor-
mance, i.e., research and teaching (Bichsel, 2012).

e Common data types utilized are

— Faculty demographic data (Dziuban, Moskal, Cavanagh, & Watts, 2012)

— Quality and quantity of research conducted (Campbell & Oblinger, 2007;
Long & Siemens, 2011), and

— Student academic performance and course enrollment as an indicator for eval-
uating teaching performance (Dziuban et al., 2012; Howlin & Lynch, 2014;
Pirani & Albrecht, 2005).

Main Purpose: Apart from the evident rationale of internal HEI management and
improvement (including faculty professional development and hiring), exploitation
of the aforementioned data can be crucial for the HEI in terms of meeting external
accountability goals (Ferreira & Andrade, 2014; Gasevi¢, Dawson, & Siemens,
2015). Therefore, HEI leadership can utilize the insights generated towards remedy-
ing actions, such as targeted curriculum (or course) improvement (Bichsel, 2012).

* AA-04. Financial management: This objective mainly aims to provide deci-
sion support for orchestrating the financial action plan (Bichsel, 2012; Long &
Siemens, 2011; Pirani & Albrecht, 2005).

e Common data types utilized are

— Students’ tuition fees and grants (Barber & Sharkey, 2012; bin Mat et al.,
2013; Forsythe, Chacon, Spicer, & Valbuena, 2012),

— Faculty-related costs, such as salary, professional development costs and
research funds (Campbell & Oblinger, 2007)

— Infrastructure maintenance and procurement costs (Campbell & Oblinger,
2007) and

— External alumni or sponsor fundraising (Bichsel, 2012; Bohannon, 2007).

Main Purpose: The main purposes driving the harvesting and exploitation of the
abovementioned data types include:

— The provision of alerts when the financial plan of the organization sidetracks
(Goldstein & Katz, 2005),

— Utilization of these data in conjunction with other HEI function areas, such as
enrollment prediction and optimal resource allocation (Bichsel, 2012; Bohannon,
2007; Forsythe et al., 2012; Norris et al., 2008)

— Facilitation of HEI leadership to identify sources of external sponsorship with a
higher possibility to donate funds to the organization using predictive modeling
techniques (Campbell et al., 2007).

* AA-OS5. Student retention: One of the most common objectives of Academic
Analytics is the monitoring of the student retention rates and the provision of
decision support to HEI leadership towards remedying actions, in case of low
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such levels (Campbell & Oblinger, 2007; Lauria, Baron, Devireddy, Sundararaju,
& Jayaprakash, 2012; Taylor & McAleese, 2012). More specifically, by utilizing
data mining and predictive modeling techniques, Academic Analytics can process
a wide range of student data towards predicting the possibility of each student to
drop out from a course (Arnold, 2010; bin Mat et al., 2013; Macfadyen & Dawson,
2010; Smith, Lange, & Huston, 2012).

* Common data types utilized are

— Student demographics (Jayaprakash, Moody, Laurfa, Regan, & Baron, 2014),

— Student financial data, including grants provided and prior financial capacity
(Barber & Sharkey, 2012),

— Assessment results (Baepler & Murdoch, 2010; Jayaprakash et al., 2014),

— Level of engagement in learning activities (Arnold, 2010; Graf, Ives, Rahman,
& Ferri, 2011; Phillips et al., 2010)

— Prior academic performance (Ice et al., 2012)

Main Purpose: Mining, analyzing, and visualizing the abovementioned data types
can facilitate HEI leadership by:

— Generating “early alerts” for students that appear to be lagging in terms of their
academic performance and to provide warnings that will potentially lead to rem-
edying actions (Arnold & Pistilli, 2012; Baepler & Murdoch, 2010; Frankfort,
Salim, Carmean, & Haynie, 2012; Howlin & Lynch, 2014; Norris et al., 2008)

— Providing correlations between individual students’ performance to peers’ can
also highlight potential shortcomings (Baepler & Murdoch, 2010; Jayaprakash
etal., 2014)

— Generating recommendations of more appropriate educational pathways can
also be provided to the students and student tutors (Bramucci & Gaston, 2012;
Vialardi et al., 2011)

— Facilitating the process of curriculum re-structuring to address common student
performance problems (Bichsel, 2012; Daniel, 2015; Howlin & Lynch, 2014).

Finally, the above data analyses can assist HEI leadership to meet the institu-
tion’s internal improvement plan (Campbell & Oblinger, 2007), as well as its exter-
nal accountability goals (Bahr, 2012; Ice et al., 2012; Norris & Baer, 2013).

The analysis of key objectives of Academic Analytics supports the initial state-
ment that, apart from its explicit focus on HEI, existing Academic Analytics
approaches have focused on orchestrating the Business Intelligence of the macro
organizational layer. This can be (at least partly) attributed to the common mandates
regarding external accountability, which mainly include (a) reporting the level of
quality of operations to policy makers and funders (Ferreira & Andrade, 2014;
Gasevic¢ et al., 2015; Norris et al., 2009) and (b) achieving high rankings in inter-
HEI benchmarks which are largely based on a diverse set of data (e.g., staff-to-
student ratio, research quality/quantity, resource allocation per student, alumni
professional success) (Daniel, 2015; Siemens, 2013). On the other hand, explicit
orchestration of the teaching and learning processes of the micro/meso layers of the
HETI is not robustly addressed and supported by Academic Analytics approaches.
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Table 6.1 provides a consolidated overview of the above analysis of Academic
Analytics objectives, towards:

* Supporting Sect. 2.1.3, which presents an analysis of an indicative examples of
existing Academic Analytics systems. The purpose of this analysis is to identify
the level of accommodation that these systems’ functionalities provide in terms of
each Academic Analytics objective and identify potential shortcomings,

* Providing a basis for formulating the proposed School Analytics framework
(Sect. 3) by highlighting the objectives of Academic Analytics which could be
useful for supporting the macro layer K-12 school leadership tasks.

2.1.3 Academic Analytics systems

Table 6.2 presents the analysis of an indicative sample of 7 AA systems and/or ini-
tiatives, in terms of the level of accommodation that the functionalities offered for
each AA objective.

As Table 6.2 depicts, the indicative sample of Academic Analytics systems/ini-
tiatives robustly supports only a fraction of Academic Analytics objectives, i.e., the
HETI leadership tasks related to student management and retention. The tasks related
to faculty management and financial orchestration have received less attention,
although they are however, significantly supported.

Two identified shortcomings include:

* The limited level of accommodation for the tasks related to the orchestration of the
HEI infrastructure. This is deemed significant since this macro layer aspect can have
a significant impact of the overall organizational performance (Pelgrum, 2008).

* The limited level of holistic approaches for exploiting the macro layer data in
combination, i.e., moving beyond harvesting and exploiting each data type in
isolation (or with a restricted set of other data) towards facilitating systemic lead-
ership decision support.

2.2 Learning Analytics
2.2.1 Learning Analytics Definition

Learning Analytics refer to the measurement, collection, analysis, and reporting of
data about learners and their contexts of learning, for purposes of understanding and
optimizing learning as well as the environment in which it occurs (Long & Siemens,
2011). As the above definition suggests, LA have a different core focal point com-
pared to Academic Analytics, namely they are targeted at the micro layer and meso
layer of an educational institution (Daniel, 2015; Long & Siemens, 2011). Therefore,
LA takes a standpoint primarily aimed at exploiting student-generated data towards
monitoring and scaffolding students’ progress, as well as improving the overall
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teaching practice (Bach, 2010; Chatti et al., 2012; Clow, 2013a; Diaz & Brown, 2012;
Duval & Verbert, 2012; Gibson & de Freitas, 2015; Ifenthaler, 2015). Moreover,
unlike Academic Analytics, the contribution of LA on a macro layer is limited.

Learning Analytics do not take a specific educational level standpoint, i.e., it is
applied to educational institutions at various levels, such as K-12 schools or HEIs
(Davenport, Harris, & Morison, 2010; Elias, 2011; Johnson, Adams Becker, Estrada,
& Freeman, 2014; van Barneveld et al., 2012), as well as, in the context of Massive
Open Online Courses (MOOCs) towards addressing their “massive” nature and the
resulting barriers in terms of learning process orchestration (Clow, 2013b; Coffrin,
Corrin, de Barba, & Kennedy, 2014).

2.2.2 Learning Analytics methods and objectives

As aforementioned, Learning Analytics are focused at monitoring and improving
the microlayer processes of the educational institutions.! In order to address this
goal, a significant range of analytical methods has been employed, since the spec-
trum of educational data that can be extracted and processed is very wide (Ifenthaler
& Widanapathirana, 2014). More specifically, the main analytical methods include
data mining, statistical methods (e.g., regression and correlation analysis), classifi-
cation rules, clustering, social network analysis, and visualization methods (Chatti
et al., 2012; Clow, 2013a; Papamitsiou & Economides, 2014).

Each of the above methods is utilized towards addressing specific Learning
Analytics objectives. Despite the fact that these objectives can vary, depending on
the needs of the relevant stakeholders and context of application, a set of common
LA objectives consist of (Almosallam & Ouertani, 2014; Chatti et al., 2014; Verbert,
Manouselis, Drachsler, & Duval, 2012):

* LA-OLl. Student modeling: This objective is considered vital for effective deci-
sion support at the micro/meso layer. This objective is important both indepen-
dently (e.g., for student data management) as well as a baseline for achieving the
rest of the Learning Analytics objectives (Baker & Inventado, 2014; Clow,
2013a; Dawson & Siemens, 2014; Pefia-Ayala, 2014; Siemens & Baker, 2012).

* Common data types utilized are

— Students’ personal inherent traits, e.g., demographics and learning style
(Chrysafiadi & Virvou, 2013)

— Students’ competence traits, e.g., level of knowledge and skills (Pefia-Ayala,
2014)

— Students’ motivation traits (Chrysafiadi & Virvou, 2013)

— Students’ behavioral and emotional patterns (Moridis & Economides, 2009;
Pardos, Baker, San Pedro, Gowda, & Gowda, 2013; Verbert, Manouselis,
Drachsler, et al., 2012)

'In terms of improving teaching practices, an emerging field that has been proposed is Teaching
and Learning Analytics (Sergis & Sampson, 2016¢), which refers to the process of data-driven
reflective teaching practice, based on evidence collected from students’ performance indicators
using learning analytics methods and tools.
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— A combination of the above (Giesbers, Rienties, Tempelaar, & Gijselaers,
2013; Lykourentzou, Giannoukos, Nikolopoulos, Mpardis, & Loumos, 2009).

Given the extensive range of data types that have been reported as potentially useful
for addressing this Learning Analytics objective, the set of analysis methods that
has been deployed to exploit them is also significant. More specifically, common
methods include social network analysis (Buckingham Shum & Ferguson, 2012),
predictive modeling (Clow, 2013a), as well as visualization tools for meaningfully
depicting the above data and facilitating decision-making (Ali, Hatala, Gasevi¢, &
Jovanovi¢, 2012; Gasevi¢ et al., 2015).

* Main Purpose: The key purposes of this LA objective includes the capacity to create
student grouping based on customizable criteria e.g., demographics or level of partici-
pation (Dyckhoff, Lukarov, Muslim, Chatti, & Schroeder, 2013). Additionally, profil-
ing students can assist in an overarching manner in order to feed the rest of Learning
Analytics objectives e.g., personalized educational resource recommendations based
on students’ learning styles (Drachsler, Verbert, Santos, & Manouselis, 2015).

* LA-O2. Educational resources recommendation: This objective aims to iden-
tify and recommend appropriate educational resources to both students and
teachers (Bienkowski, Feng, & Means, 2012; Chatti et al., 2014; Papamitsiou &
Economides, 2014; Siemens, 2013).

e Common data types utilized are

* Regarding students, LA approaches can utilize:

— Students’ models, mentioned in LA-O1 (Drachsler et al., 2015)

— Students’ quantity and type of interaction with educational resources (Drachsler
et al., 2015; Dyckhoff, Zielke, Biiltmann, Chatti, & Schroeder, 2012)

— Assessment results (Huang & Fang, 2013; Smith et al., 2012).

Regarding teachers, LA approaches can utilize:

— Teachers’ demographics (Bozo, Alarcén, & Iribarra, 2010; Verbert et al., 2012),

— Teachers’ competence profile (Sergis, Zervas, & Sampson, 2014c),

— Teachers’ social connections to peers (in digital repositories) (Fazeli, Drachsler,
Brouns, & Sloep, 2014),

— Teachers’ level and type of interaction with educational resources (in digital reposi-
tories) (Sergis & Sampson, 2016b; Zapata, Menéndez, Prieto, & Romero, 2013).

Towards harvesting and exploiting these data types, extensive analysis methods have been

employed, usually in combination with each other, including user and task classification,

user clustering, user modeling, and profiling and rule-based recommendations (Drachsler

etal., 2015).

* Main Purpose: Regarding students, this Learning Analytics objective commonly
focuses on:

— Identifying appropriate educational resources to support and scaffold learning
in a personalized manner, e.g., by adhering to the learning style of the student
(Manouselis, Drachsler, Vuorikari, Hummel, & Koper, 2011; Verbert,
Manouselis, Drachsler, et al., 2012) and

— Identifying specific competence gaps through personalized recommendation
of assessment resources (Barla et al., 2010; Drachsler et al., 2015).
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— Recommending educational pathways based on their prior performance and
course selections (Almosallam & Ouertani, 2014; Bienkowski et al., 2012).

Regarding teachers, this Learning Analytics objective commonly focuses on:

Recommendation of educational resources for educational scenario design and
delivery (Manouselis, Drachsler, Verbert, & Duval, 2013; Sergis et al., 2014c;
Sergis & Sampson, 2014b; Sergis, Zervas, & Sampson, 2014a) and
Recommendation of peers in communities of practice in order to promote pro-
fessional development (Rafaeli, Barak, Dan-Gur, & Toch, 2004).

LA-O3. Student assessment and performance feedback provision: This
objective relates to (a) the facilitation of the student in gaining a high level of
self-awareness on their performance and progress, (b) the facilitation of the
teacher to deploy effective assessment activities and feedback on demand, and
(c) the identification of students “at-risk” in terms of low performance
(Macfadyen, Dawson, Pardo, & Gasevic, 2014; Papamitsiou & Economides,
2014; Tempelaar, Heck, Cuypers, van der Kooij, & van de Vrie, 2013).
Common data types utilized are

— Students’ level of engagement and performance in the learning process
(Arnold & Pistilli, 2012; Giesbers et al., 2013),

— Students’ quantity and type of interaction with educational resources (Ali
et al., 2012; Dietz-Uhler & Hurn, 2013),

— Behavioral and emotional patterns (Pardos et al., 2013; Verbert, Manouselis,
Drachsler, et al., 2012)

— Students’ assessment results (Bienkowski et al., 2012)

— Analysis of students’ social contributions and collaborations (Baker &
Siemens, 2015; Buckingham Shum & Ferguson, 2012; Dawson, Bakharia, &
Heathcote, 2010; Fessakis, Dimitracopoulou, & Palaiodimos, 2013), as well as

— A combination of the above (Dimopoulos, Petropoulou, & Retalis, 2013).

The analysis methods employed for this objective are very similar to those exploited
for the LA-O1 objective, i.e., student assessment and feedback provision is strongly
based on student profiles.

Main Purpose: Providing timely and detailed feedback and facilitating assessment
activities is considered a significant factor for enhanced personalized learning expe-
riences (Papamitsiou & Economides, 2014). More specifically, it can aid in the:

— Assessment of students based on a variant set of performance criteria
(Tempelaar et al., 2013),

— Identification of students’ performance trends (Greller & Drachsler, 2012),

— Provision of insights to the teacher for personalized tutoring/scaffolds to stu-
dents towards enhanced academic performance, motivation, and engagement
(Ali et al., 2012; Arnold & Pistilli, 2012; Chatti et al., 2014; Clow, 2013a;
Greller & Drachsler, 2012),

— Stimulation of students’ sense of self-regulated progress via direct feedback
using visualizations and alerts (Clow, 2013a, 2013b; Verbert, Duval, Klerkx,
Govaerts, & Santos, 2013; Verbert, Manouselis, Drachsler, et al., 2012),
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— Monitoring of students’ competence development in relation to the curricu-
lum objectives (Howlin & Lynch, 2014; Larusson & White, 2012).

These insights can facilitate leaders and teachers to increase the level of students’

retention and performance through early warning alerts (Almosallam & Ouertani,

2014; Baker & Siemens, 2015; de Freitas et al., 2014; Dyckhoff et al., 2012; GaSevi¢

et al., 2015; Romero-Zaldivar, Pardo, Burgos, & Kloos, 2012). The latter, apart

from the evident benefit of improving the students’ outcomes, has also great poten-
tial for facilitating the leadership to meet internal and external accountability man-
dates related to student success (Dietz-Uhler & Hurn, 2013; Macfadyen et al.,

2014). Moreover, a significant benefit that Learning Analytics can deliver in terms

of assessing and providing feedback to students is their capacity to be deployed in

large scale, by automating (partly or fully) the related tasks (Buckingham Shum,

2012; Coffrin et al., 2014). The latter is becoming increasingly important consider-

ing the rise of Massive Open Online Courses and the resulting need for providing

efficient assessment methods for massively evaluating student performance and

engagement (Clow, 2013b; GaSevi¢, Kovanovi¢, Joksimovi¢, & Siemens, 2014;

Kizilcec, Piech, & Schneider, 2013).

* LA-0O4. Teacher feedback provision: This objective primarily relates to the
provision of actionable insights to teachers towards performing evaluations and
adaptations to the teaching strategies they have utilized (Gunn, 2014). The reflec-
tive adaptations could be provided and utilized either on-the-fly or in a summa-
tive manner. On-the-fly adaptations are commonly performed during the delivery
of the teaching practice, whereas summative adaptations are commonly per-
formed after the finalization of the delivery phase of the teaching practice, in
subsequent runs.

* Common data types utilized are

— Students’ level of engagement and/or performance in learning activities (Ali
etal., 2012)

— Analysis of students’ social contributions and collaborations (Buckingham
Shum & Ferguson, 2012; Dawson et al., 2010),

— Students’ quantity and type of interaction with educational resources
(Dyckhoff et al., 2012)

— Consolidated resource usage level from all and/or groups of students (Zhang,
Almeroth, Knight, Bulger, & Mayer, 2007)

— Results from different types of formative and summative assessment activities
(Almosallam & Ouertani, 2014; Bach, 2010; Chatti et al., 2012)

— Teachers’ level and type of interaction and communication with students
(Dawson et al., 2010)

Harvesting these data requires analysis methods including social network analysis,
e.g., for overseeing the students’ level of participation and engagement (Buckingham
Shum & Ferguson, 2012; Dawson et al., 2010), clustering methods, e.g., for formulat-
ing groups of students based on their level of academic performance and participation
(Scheuer & Zinn, 2007), as well as visualization methods for making sense of the data
types and highlighting important issues (Verbert et al., 2013).
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* Main Purpose: The analysis of the above data can lead to insights related to:

— Facilitation of teachers to critically analyze their educational design (and/or,
the overall curriculum) and to identify specific aspects which proved problem-
atic (Bach, 2010). Examples of such insights include identification of educa-
tional resources receiving a low level of interaction by the students (Dyckhoff
et al., 2012), learning activities which did not sufficiently engage students
(Monroy, Rangel, & Whitaker, 2014) and areas of the educational design
which proved difficult to the students (Howlin & Lynch, 2014).

— Performance benchmarking between peer teachers (Dyckhoff et al., 2013).

Table 6.3 provides a consolidated overview of the above analysis of LA objec-
tives, towards:

* Supporting Sect. 2.1.3, which presents an analysis of an indicative examples of
existing Learning Analytics systems. The purpose of this analysis is to identify
the level of accommodation that these systems’ functionalities provide in terms
of each Learning Analytics objective and identify potential shortcomings,

* Providing a basis for formulating the proposed School Analytics framework
(Sect. 3) by highlighting the objectives of Learning Analytics which could be
useful for supporting the micro/meso layer K-12 school leadership tasks.

2.2.3 Learning Analytics systems

Table 6.4 presents the analysis of an indicative sample of nine existing Learning
Analytics systems, in terms of the level of accommodation that these systems’ func-
tionalities offer for each Learning Analytics objective’s purposes. These Learning
Analytics systems were selected due to the fact that they have been reported as signifi-
cant milestones in the Learning Analytics research agenda (Dyckhoff et al., 2013).

As Table 6.4 depicts, all of the LA objectives are being accommodated by the
indicative sample of LA systems. The core focus appears to be placed on the
objectives “LA-O1. Student modeling”, “LA-O3. Student assessment and perfor-
mance feedback provision” and “LA—0O4. Teacher feedback provision”. However,
the objective “LA-O2. Educational resources recommendation” has also
received a significant level of research attention, but it has been performed
mainly in an isolated research area, which is increasingly being fused to
Learning Analytics (Chatti et al., 2012; Greller & Drachsler, 2012; Verbert,
Manouselis, Drachsler, et al., 2012).

Two significant insights can be drawn based on the above analysis:

* Alimited level of accommodation was identified in terms of supporting profiling
and activity logging for the feachers. Teachers have received much less attention
towards effective profiling and activity tracking compared to students (Dyckhoff
etal., 2013; Sergis et al., 2014a; Sergis & Sampson, 2014b). This general lack of
efficient teacher data harvesting and exploiting (e.g., competences) is a signifi-
cant shortcoming which limits the leadership capacity to have a transparent view
of the micro layer, and especially the meso layer.



96

S. Sergis and D.G. Sampson

Table 6.3 Overview of Learning Analytics objectives and related elements

LA objective

Ol. Student
modeling

02. Educational
resources
recommen
dation

Common data types utilized

LA-O1-DT1. Students’
demographics/inherent traits
LA-O1-DT2. Students’ competence
traits

LA-O1-DT3. Students’ motivation
traits

LA-0O1-DT4. Students’ behavioral/
emotional patterns

LA-02-DT1. Students’
demographics/inherent traits

LA-02-DT2. Students’ competence
traits

LA-02-DT3. Students’ motivation
traits

LA-02-DT4. Students’ behavioral/
emotional patterns

LA-02-DTS. Students’ quantity and
type of interaction with educational
resources

LA-02-DT6. Students’ assessment
results

LA-02-DT7. Teachers’
demographics

LA-02-DTS8. Teachers’ competence
profile

LA-02-DT9. Teachers’ social
connection with peers.

LA-02-DT10. Teachers’ quantity and
type of interaction with educational
resources

Main purposes

LA -O1-P1.
Student
grouping based
on
customizable
criteria

LA-O2-P1.
Recommend
personalized
scaffolding
educational
resources
LA-02-P2.
Recommend
personalized
assessment
educational
resources
LA-0O2-P3.
Recommend
personalized
educational
pathways

LA-O2-P4.
Recommend
personalized
educational
resources for
educational
scenario design
and delivery
LA-O2-PS.
Recommend
peers for
community of
practice
formulation

Role
involved
Leader

Teacher

Student

Student
Teacher

(continued)
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Table 6.3 (continued)

LA objective
03. Student
assessment and
performance
feedback
provision

O4. Teacher
feedback
provision

Common data types utilized

LA-O3-DT1. Students’ level of
engagement/performance in learning
activities

LA-03-DT2. Students’ quantity and
type of interaction with educational
resources

LA-0O3-DT3. Students’ behavioral/
emotional patterns

LA-03-DT4. Students’ assessment
results

LA-O3-DTS5. Analysis of students’
social contributions and
collaborations

LA-04-DT1. Students’ level of
engagement/performance in learning
activities

LA-04-DT2. Analysis of students’
social contributions and
collaborations

LA-04-DT3. Students’ quantity and
type of interaction with educational
resources

LA-04-DT4. Consolidated resource
usage level

LA-04-DT5. Student assessment
results

LA-04-DT6. Teachers’ quantity and
type of interaction and
communication with students

Main purposes

¢ LA-O3-P1.
Assess students
based on
variant set of
performance
criteria

e LA-O3-P2.
Identification
of students’
performance
trends

¢ LA-0O3-P3.
Recommend
personalized
tutoring/
scaffolds to
students

¢ LA-03-P4.
Promote
students’
self-regulation
through direct
feedback

¢ LA-O3-P5.
Monitor
students’
competence
development

¢ LA-0O4-P1.
Targeted
reflection and
adaptations on
learning design

¢ LA-0O4-P2.
Performance
benchmarking
with peer
teachers

97

Role
involved

Teacher
Student

Teacher
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* Extending the above, a limited level of accommodation for capturing data related to
micro layer factors, beyond the students, is observed. More specifically, the latter
should include a holistic method of capturing and exploiting other micro/meso layer
data (such as teaching practices utilized, physical context affordances, teacher com-
petences, etc.) towards meaningfully informing the processes of educational design,
delivery, and reflection (Greller & Drachsler, 2012).

2.3 Reflections on Academic Analytics and Learning Analytics

The analyses performed in Sects. 2.1 and 2.2 on Academic Analytics and Learning
Analytics respectively have resulted in a set of reflections related to their focal
points and objectives. More specifically:

* Academic Analytics take a strong standpoint in terms of (a) organizational pro-
cesses, by explicitly addressing the macro layer of an educational institution
functions and (b) educational level, by focusing on HEI. Moreover, despite their
highly granulated coverage of the Business Intelligence of the educational insti-
tution, there is a lack of adequate overview of the micro/meso layer processes,
which is viewed as a “black box” to a large degree (Macfadyen & Dawson,
2010). This fact can hinder the leadership’s capacity to take institutional-wide
decisions towards improving the educational outcomes of the institution, consid-
ering that there is limited consideration to the teaching practices being under-
taken and how these are affected by (or affect) the processes of the meso layer.

In terms of applicability to the K-12 school context, Academic Analytics are
not directly applicable (given their explicit HEI focus), however, their data types
could provide a basis for informing relevant analytics approaches for addressing
the macro layer school leadership tasks.

* Learning Analytics, on the other hand, are primarily concerned with the micro
and meso layers, towards assisting teachers and students in enhancing the effec-
tiveness of the teaching and learning process (Arnold et al., 2014). However, exist-
ing Learning Analytics approaches cannot adequately support the macro layer
decision-making processes, since they do not incorporate Business Intelligence.

In terms of applicability to the K-12 school context, Learning Analytics are
directly applicable (Piety, Hickey, & Bishop, 2014), but, as aforementioned,
have a limited institutional layer coverage.

The above reflections suggest that there is no existing unifying approach
towards providing support for holistic and complexity leadership in educational
institutions, even more so when the context of study is narrowed down to K-12
schools. This conclusion is based on the fact that K-12 school leaders have been
assigned with a complex set of tasks spanning from the highly granulated over-
view of the micro layer processes, the orchestration of the meso layer, to the
engagement in the operational tasks of the macro layer (Bush & Glover, 2014;



6 School Analytics: A Framework for Supporting School Complexity Leadership 103

OECD, 2013). Moreover, school leaders require systemic decision-making sup-
port, which will not only harvest the aforementioned data, but will also analyze
them in an intertwining manner towards providing feedback loops on the perfor-
mance of the diverse agents of the school system and will, therefore, generate
insights for school-wide action planning based on the current level of the system
emergence (Coburn & Turner, 2011). However, the required systemic decision-
making support and data collection channels are not provided by either the exist-
ing AA or LA approaches, in isolation.

Under the light of the above, a need is identified for an analytics framework that
will be targeted specifically at accommodating the needs of Complexity Leadership
of K-12 school leaders, in terms of the required institution-wide data collection
and exploitation for providing detailed feedback loops. The concept of School
Analytics (SA) is, therefore, proposed and presented in the following section, along
with the key principles of School Complexity Leadership. The focal points and
objectives of School Analytics are based on (a) the core tasks of school leaders as
they have been described in previous work in the form of a core School Leadership
Tasks framework (SLT) (Sergis & Sampson, 2016a) and (b) the analysis of existing
Academic Analytics and Learning Analytics objectives and their capacity to sup-
port the complexity K-12 school leadership by providing granulated feedback
loops which can allow the leaders to influence the state of their school’s emergence
towards meeting their strategic plans.

3 School Analytics: Supporting School Complexity
Leadership

3.1 School Complexity Leadership: Concept and Core Tasks

Complex Adaptive Systems (CAS) within the context of complexity theory are
systems comprising a wide range of agents which co-exist, interplay, and con-
stantly evolve at different layers of the System, influenced by the actions of other
agents towards achieving optimal fitness within the System as a whole (Hmelo-
Silver & Azevedo, 2006; Huang & Kapur, 2012; Wallis, 2008). This vast web of
interconnections and interactions between the involved agents produce data that
can affect the actions of the agents by generating constant feedback loops to these
agents (Holland, 1998; Trombly, 2014). Furthermore, these feedback loops and the
collective behaviors of the agents result in the formulation of the System status in
a process known as emergence (Holland, 1998; Lichtenstein et al., 2006; Miller &
Page, 2007). The basic notion behind emergence is that each current status of the
system is not a linear sum of its constituent parts but has been forged in a net-
worked and unpredictable manner by the characteristics and interactions of its
agents (Uhl-Bien & Marion, 2009).

In this context, Complexity Leadership (CL) is primarily addressed at orchestrat-
ing such complex adaptive systems (Schneider & Somers, 2006; Uhl-Bien & Marion,
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2009). This approach allows for a different standpoint for leadership, where strategic
planning and outcomes are not solely devised by a single agent (administrative lead-
ership), but are also the result of an unpredictable range of actions and interactions
(adaptive leadership) (Lichtenstein et al., 2006; Uhl-Bien et al., 2007). The notion of
adaptive leadership is related to the concept of distributed leadership and posits the
notion that leadership should not be entirely “top—down” or “bottom—up” oriented,
since both these approaches present issues related to the adoption and exploitation of
the leadership decisions (Huang & Kapur, 2007; Uhl-Bien et al., 2007).

Furthermore, a key aspect of CL is related to enabling and sustaining a constant
flow of data and inter-agent interactions, which are required for generating feedback
loops and, ultimately, system emergence (Uhl-Bien et al., 2007; Uhl-Bien & Marion,
2009). Thus, it is commonly acknowledged that leadership efforts should be placed on
mechanisms for capturing, collecting, modeling, and analyzing these interactions and
their related, institution-wide data (Lichtenstein et al., 2006)

Schools have been repeatedly regarded as (social) CAS, due to the fact that they
comprise the aforementioned core characteristics of CAS (Keshavarz, Nutbeam,
Rowling, & Khavarpour, 2010; Snyder, 2013; Trombly, 2014). More specifically,
they comprise a wide ecosystem of interrelated agents (e.g., teachers, leaders, stu-
dents, parents, official accountability, infrastructural aspects), whose interactions
and characteristics are combined into collective organizational system outcomes
(Mital, Moore, & Llewellyn, 2014).

In this context, Complexity Leadership could also be applied for studying School
Leadership in particular (Axelrod & Cohen, 2000; Morrison, 2010). School
Complexity Leadership (following the principles of general CL) mainly comprises
the administrative and the adaptive strands. The former is related to the strictly
“top—down” leadership processes, focusing on the managerial aspects of leading an
organization (Uhl-Bien et al., 2007). Examples of administrative school leadership,
which is usually performed by the principal leader, are strategic planning for the
organization, allocation of resources, and coordinating activities (OECD, 2013).
The adaptive school complexity leadership strand, which is closely related to the
distributed leadership standpoint, posits that leadership needs to be shared within a
“top—down” and a “bottom—up” approach, in order to be effective (OECD, 2013).
More specifically, it refers to the adaptive and fluid interactions of the system agents
(a key strand of which are the teacher leaders) that emerge from practice and not
strictly as a result of authority.

It is becoming increasingly evident that effective and holistic school organiza-
tional development views both these leadership strands (administrative and adap-
tive) as complementary (Bush & Glover, 2014; OECD, 2008, 2013). In order to
allow for this complementarity, school complexity leadership is heavily reliant on
formulating, sustaining, and exploiting institution-wide mechanisms for collecting
educational data among the agents of each organizational layer (Morrison, 2010).
More specifically, collection of such data and agent interactions from an institution-
wide perspective accommodates the need for and generates feedback loops for the
current state of the school (e.g., student outcomes, teacher actions, parents’ require-
ments, official accountability reports and policies). These feedback loops, as
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aforementioned, directly impact the actions of the system agents (which respond
and adapt to this information) and re-shape the School System to new states of
emergence (Hmelo-Silver & Azevedo, 2006). Thus, they should be captured and
exploited towards (partly) “influencing” these states of emergence (mainly by the
principal and teacher leaders) and aligning them to the intended school organiza-
tional strategic plans (McQuillan, 2008).

Based on the above, this book chapter adopts the complexity strand of school
leadership and will focus on two core leadership agents, i.e., the principal leader
strand and the teacher leader strand, in terms of their actions within the school
social CAS towards “influencing” the states of school emergence (Crowther,
Ferguson, & Hann, 2009; Leithwood et al., 2007; OECD, 2008, 2013). In our
previous work, a core School Leadership Task Framework (SLT) was proposed
towards providing a means of modeling the core school leadership tasks (Sergis &
Sampson, 2016a). Within the context of complexity leadership, the proposed SLT
attempts to capture the core aspects of school functions which are affected by
administrative leadership, but also nurture the emergent adaptive leadership.
More specifically, the formulated SLT Framework describes commonly recog-
nized aspects of school function that are orchestrated by the school leadership
team and include a wider range of school system agents (e.g., parents, teachers,
external accountability bodies and the students). The identified school leadership
tasks are mainly related to capturing and monitoring these aspects towards receiv-
ing constant flow of feedback loops and evaluating the states of emergence of the
school organization. The proposed SLT highlighted a set of eleven such tasks,
which are depicted in Table 6.5.

The above SLT is utilized in this book chapter as a backbone for driving the
formulation of the proposed School Analytics framework, namely by providing a
means to map the objectives of existing Academic Analytics and Learning Analytics
approaches, towards supporting the provision of more granulated feedback loops
that will inform the identified core school complexity leadership tasks. This process
is described in the following section, following an introduction to the concept of
School Analytics.

3.2 School Analytics
3.2.1 School Analytics Definition

As aforementioned, school complexity leadership is a process that requires decision-
making at all institutional layers of the schools, based on a diverse set of data
towards gaining insights on the diverse interactions of the interrelated agents of the
schools. Moreover, as the analyses presented in Sects. 2.1 and 2.2 highlighted, exist-
ing LA and AA approaches provide limited decision support capacity for these
school leadership tasks, given their individual focal points and objectives. School
Analytics (SA) aim to address this shortcoming, by directly supporting the
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identified tasks of school leaders, as well as providing the means for cultivating and
exploiting intra-layer communication and information channels of the school, nec-
essary for nurturing both administrative as well as adaptive leadership.

Moreover, the proposed School Analytics should aim to move beyond harvesting
these institutional-wide data, towards a more systemic standpoint. This should include
data collection at all layers and, furthermore, identification of co-relations and interde-
pendencies between them, again on all institutional layers, for the generation of feed-
back loops that could inform the strategic plans of the leadership team towards aligning
the emergence state of the institution to the aforementioned strategic plans.

Overall, the SA framework is built in a bottom—up approach, sprouting from the
SLT and by mapping and extending existing analytics standpoints, utilizing the SLT as
a foundational basis and benchmark. The following section presents the SA framework
and highlights two core implications it can deliver to systemic school leadership.

3.2.2 School Analytics Objectives and Data Types

Table 6.6 presents the mapping between the SLT framework and the existing LA
and AA objectives. This process aims to provide the basis of the proposed SA
approach, by highlighting (a) the data types and purposes to be utilized, as well as
(b) the manner in which these are connected at all organizational layers.

The first implication of the proposed SA framework is directly observable from
Table 6.6 and relates to the re-distribution of existing data types and purposes of LA
and AA approaches, over the diverse SLT element grid. More specifically, this re-
distribution highlights the need to utilize institutional data types to achieve purposes
beyond their initial harvesting layer. For example, curriculum planning (currently at
the meso layer) should be informed by a highly detailed depiction of the processes
occurring at the micro layer. This depiction should not only span the final student
learning outcomes, but also incorporate elements such as the student and teacher
level of engagement, the quantity and type of interactions with educational resources,
the students’ parents (e.g., their level of involvement) as well as the detailed compe-
tence building progress of students. This could allow for more targeted reflections
(feedback loops) for the leadership team and remedying actions to improve specific
aspects of the curriculum, based on data-driven insights.

The second implication of the proposed SA framework aims to propose exten-
sions of the existing analytics approaches. These extensions, which are also
informed by the shortcomings of existing LA and/or AA systems highlighted in
Sects. 2.1.3 and 2.2.3, mainly relate to advancing the SA purposes for facilitating
school complexity leadership by enhancing the communication and information
channels of the school, necessary for nurturing both administrative as well as adap-
tive leadership.

* Transparent learning process monitoring/Learning process evaluation/
Curriculum planning: School Analytics posits the standpoint that there is need
for holistic exploitation of institutional data towards effective monitoring and
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evaluation of the learning (and teaching) processes of the micro layer, as well as
the curriculum planning processes of the meso layer.

This standpoint, however, requires solid foundations in terms of the involved
factors’ data. As aforementioned in Sect. 2.2.3, however, not all of these factors
are adequately being profiled. For example, teachers have received very little
research attention in terms of profiling, in contrast to students (Dyckhoff et al.,
2013; Sergis et al., 2014a). This is a significant shortcoming, since the profile of
the teacher (e.g., in terms of competences) can greatly affect the organizational
development of the school especially in terms of the use of ICT in the teaching
process (European Commission, 2013). Therefore, SA opts to incorporate
detailed profiling mechanisms for teachers (e.g., Bozo et al., 2010; Fazeli et al.,
2014; Sergis & Sampson, 2014b; Zapata et al., 2013), and utilize these data
towards providing a more transparent view of the micro/meso layer processes.
Moreover, explicit profiling of other factors involved in the micro/meso layer
processes is also required e.g., the specific teaching method utilized, as well as
the full range of the school’s physical and digital infrastructure being exploited.

SA, therefore, argues that having these detailed data on the micro/meso layer
processes can unlock the potential for highly granulated evaluations, by correlat-
ing the students’ level of engagement and final outcomes to the factors that
directly affect it. These data-driven monitoring and evaluation processes could
enable targeted reflections and adaptations, both on-the-fly, as well as in a sum-
mative manner.

* Redefining “best’ teaching practice: Additionally to the above SA implication,
these highly profiled and robustly evaluated teaching practices could be shared
amongst web-based teaching communities, towards the formulation of “condi-
tional best teaching practice” pools. These pools of teaching practices will be
available to be selected as “best” for re-use by other interested teachers in a
conditional manner, i.e., by considering not only the final student outcomes, but
also the context in which these student outcomes were achieved. Therefore, each
teacher will be able to receive recommendations based on the compatibility of
each “best” practice in terms of their own school context, and make more
informed selections.

* Recommendations for targeted teacher professional development: Another
implication of SA building on the need for refining teacher competence profiling
mechanisms, relates to the provision of recommendations for targeted profes-
sional development opportunities addressed to individual teachers. More specifi-
cally, teachers highlighted with a low level of certain competences should be
facilitated in identifying specific professional development opportunities tack-
ling their individual shortcomings (Sergis, Zervas, & Sampson, 2014b).

* Targeted recruitment of teachers: School principal leaders could also utilize SA
in order to receive recommendations on teacher candidates whose competence pro-
file matches their school’s related needs. This process could utilize the detailed
profiles of the existing teachers and, therefore, the competence-related needs of the
school, as well as existing frameworks for targeted teacher recruitment (e.g., Bowles,
Hattie, Dinham, Scull, & Clinton, 2014; Sergis et al., 2014b).
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* Usage-informed infrastructural resource management: SA argues that the
capacity of school leaders to perform this task can be significantly supported
beyond the existing approaches, by also considering the micro and meso layer
data related to student and teacher exploitation of existing infrastructure. The
latter can drive the leader to orchestrate more effectively both available infra-
structural resource allocations as well as procurements, given that usage data
will be available to highlight needs, trends, as well as the outcomes of each stra-
tegic plan.

* Overarching financial resource management: Finally, all the above SA impli-
cations can have a direct impact on facilitating the school leader to delineate a
more focused and accurate financial plan, given that the processes of the school
which directly or indirectly affect the financial plan will be more strategically
organized and implemented towards “optimal” resource allocation, especially
considering the increasingly reduced available financial resources.

As a result of all the above, SA aims to facilitate school leaders to not only drive
their school development in a more transparent data-driven manner through the
continuous institution-wide feedback loops, but also such data-driven school com-
plexity leadership has the capacity to allow for driving internal school improvement
strategic planning as well as for meeting emerging external accountability trends,
which posit for qualitative proof of the quality of practices undertaken within
schools (Altrichter & Kemethofer, 2015).

4 Conclusion

This chapter introduced the concept of a School Analytics framework, which aims
to support the complex tasks of K-12 school leaders, as the latter are described in
our previously proposed School Leadership Task framework. The formulation of
the School Analytics framework was based on the foundations of school complexity
leadership and its essential aspects of feedback loops and emergence. In this con-
text, a critical overview of the two main existing educational analytics strands,
namely Learning Analytics and Academic Analytics was performed, focused on the
core focal points and objectives that each analytics strand adopts, both conceptually,
as well as in terms of systems, by focusing on an indicative sample of “milestone”
systems and initiatives. The aim of this overview was to identify whether these
Analytics strands can adequately support crucial aspects of school complexity lead-
ership (i.e., continuous feedback loops) in the holistic manner that is required, and
to identify specific shortcomings.

The aforementioned analyses pinpointed the shortcomings of the existing ana-
lytics strands (individually) to fully accommodate the required holistic needs of
K-12 school complexity leadership. More specifically, these limitations were
related to (a) the isolated focal point of each analytics strand in terms of data col-
lection and educational context of use and (b) the restrictive confinements imposed
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in the manner in which the collected data types were being exploited, i.e., with very
limited systemic exploitation towards overarching organizational improvement.

Taking a step towards addressing these issues, the framework of School Analytics
was introduced. School Analytics was built using a bottom—up approach using the
School Leadership Task framework as a foundational basis to address the shortcom-
ings of the existing analytics strands. The two core implications of the proposed SA
framework relate to (a) meaningfully bridge the existing analytics’ objectives towards
informing school leadership at all institutional layers through the generation of con-
tinuous feedback loops, and (b) extend them in order to eliminate identified shortcom-
ings and enable the provision of decision support recommendations which could
facilitate school leaders to capture the current state of emergence of their school and
to meaningfully align their strategic plans to it.

Overall, the proposed concept of School Analytics is proposed as a backbone
framework for the design of systems which can potentially provide school leaders
with the capacity to (a) robustly scan the current level of performance of their school,
and (b) have access to robust evidence on the outcomes that it delivers and how can
it be adjusted to drive organizational progress. Therefore, future work in this agenda
should be aimed at designing, implementing, and evaluating SA systems with the
goal of supporting school leaders to navigate their institutions in a strategic, data-
driven manner towards meeting the pressing mandates of both official external
accountability as well as internal student-oriented school improvement.
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Chapter 7

Improving Content Area Reading
Comprehension with 4-6th Grade Spanish
ELLSs Using Web-Based Structure Strategy
Instruction

Kausalai (Kay) Wijekumar, Bonnie J.F. Meyer, and Puiwa Lei

Abstract Reading in the content areas of science, social studies, and current events
is a difficult task that is even more elusive to Spanish-speaking English language
learners. There is a huge increase in children transitioning from their L1 (e.g.,
Spanish) to L2 (e.g., English) in classrooms across the USA. These ELs face chal-
lenges due to a lack of fluency in decoding, vocabulary, and word, sentence, and
discourse level complexities in English learning. Structure strategy instruction on
the Web for English Language Learners (SWELL) is a web-based tutoring system
that supports ELs in reading comprehension by teaching them about five text struc-
tures. In addition, SWELL provides two adaptations for ELs— Spanish Scaffolding
(where students were presented materials in both Spanish and English) and English
Hybrid (where students were given the option of seeking assistance in Spanish by
hovering over words, clicking on sentences, or viewing a full page in Spanish). In
this chapter, we report on the design and pilot studies conducted within five class-
rooms at grades 4, 5, and 6. Our results show improvements in reading comprehen-
sion measured by researcher designed measures.
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1 Introduction

Reading in the content areas of science, social studies, and current events requires
excellent decoding, vocabulary, oral language, and comprehension skills.
Unfortunately most high-stakes assessments of reading comprehension show poor
results for over 33 % of children in grades 4 and 8. The numbers are even worse for
Spanish-speaking Latino children who are most at risk for school failure. In 2008,
the US high school dropout rate for Latino adolescents was 22.5 % compared with
all other subgroups combined (Fry & Gonzalez, 2008). English language learners
are at particular high risk for poor educational outcomes due to a myriad of factors
including poorer reading performance (Proctor, Carlo, August, & Snow, 2005).
They are most likely to drop out of school and have a lower high school graduation
rate than any other group. Spanish-speaking ELs also perform poorly on reading
comprehension and mathematics standardized high-stakes assessments like the
National Assessment of Educational Progress (2013).

Researchers have suggested that improving vocabulary skills and knowledge of
comprehension strategies can improve reading comprehension outcomes for ELs
(Baker & Dalton, 2011; Proctor, Dalton, & Grisham, 2007; Jimenez, 1997, Jimenez,
Garcia, & Pearson, 1996; Proctor et al., 2005, 2011).

The SWELL project is an outgrowth of a successful web-based intelligent tutor-
ing for the structure strategy (ITSS) project where we developed and tested the
system to teach fourth through eighth grade children the structure strategy. The
system showed statistically significant differences favoring the ITSS groups in
large-scale randomized controlled trials in grades 4-8 (Wijekumar et al., 2014;
Wijekumar & Meyer, 2012; Wijekumar, Meyer, & Lei, 2012, 2013). The goal of the
SWELL project was to extend the ITSS system by presenting two specific adapta-
tions for Spanish-speaking ELs— Spanish Scaffolding or English Hybrid.

We present our findings from the development and pilot studies here. Our find-
ings support the growing research evidence base in support of the text structure
strategy and web-based delivery of the instructional materials. Finally, this is the
first development where the structure strategy has been used with Spanish-speaking
ELs in grades 4, 5, and 6 and showed promise in improving reading
comprehension.

2 SWELL and ITSS

SWELL has seven unique features noteworthy for all learners but very relevant to
the EL learners who are the focus of this project. These design features are part of
the existing ITSS and are also used within SWELL.

First, SWELL narrates (with a human voice) all procedural information and
instructions to the learner. SWELL also has narrations for the text passages and
feedback given to the learner (see Fig. 7.1).
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Fig. 7.1 The intelligent tutor narrates and provides instructions

Additionally, as the tutor (IT) reads a passage, the words blink on the screen
allowing learners to follow the reading on the screen. This design mimics an adult
reading to the child by pointing their finger on the words on the page as they read
out aloud. This can assist EL learners who have difficulty processing the words.
SWELL also has Spanish Language narrations for each procedure and passage.
Animations are created to match the Spanish narrations. Lesson texts were carefully
reviewed to meet the linguistic needs of ELs. Figure 7.2 presents a sample of the
Spanish language adaptations for a passage comparing two different types of
elephants.

Second, the SWELL system progressively gives more detailed hints to the
learner depending on how many tries they have completed for the practice assign-
ment. For example, if the student is on their third try and they have not mastered
the concept, IT presents a pop-up window on the screen with very detailed helpful
hints and reads the hints to the learner. The number of tries for each lesson and
question vary from two to eight. This is designed to reduce any gaming related to
tries. For example, when students realize that the system will give them more help
after the second try, they tend to wait for the second try to get the correct answer.
By varying the number of tries for each question, students cannot rely on a pattern
to game the system.

Third, SWELL shows children how to use the structure strategy to read and com-
prehend texts in academic domains such as science, social studies, and current events.
For example, in the first and second lesson students read a comparison text passage —
differences between favorite Presidents — Lincoln and Washington. In the third lesson
they read a science text comparing African and Asian Elephants. In the fourth lesson
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Fig. 7.2 Spanish language adaptation comparing two different elephants

they read a passage comparing Olympic athletes, Dara Torres, Michelle Kwan, and
Mary Lou Retton. This approach shows learners how the same text structures are appli-
cable to all expository texts. To support the linguistic needs of ELs SWELL previews
each lesson with vocabulary instruction and paraphrases of complex sentences.

Fourth, SWELL shows children how real-life texts are organized to promote
transfer to environments where explicit signaling may not be readily available. This
approach is part of the scaffolding process that allows gradual fading of supports as
the student moves through the lessons.

Fifth, SWELL has alternative approaches to presenting information to the learn-
ers. For example, in the comparison of Olympic athletes, students click on a matrix
showing how each athlete is compared on the sport they played, the number of gold
medals won, and the year of their first Olympic win. In some cases a hierarchical
diagram is shown to the learner focusing their attention to the logical organization
of the text.

Sixth, SWELL shows learners how to combine text structure. For example, after
completing about ten lessons on the comparison text structure and another ten
lessons on the problem/solution text structure, students are shown how they can
combine comparison and problem/solution in one passage. Many real-life texts
combine text structures and it is important that students learn how to read such texts
for the structure strategy to be effective in improving their comprehension of aca-
demic texts.

Finally, SWELL allows the teacher to access all the students’ responses at any
time through a teacher viewing tool and provides biweekly reports to the teacher
on student performance and gaming. The teacher can also modify the students’
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pathway through the lessons if they see that they are able to understand the con-
tent. For example, the teacher can take place the student in a more advanced les-
son if they believe that the student has the background knowledge to understand
the content.

2.1 SWELL Extension 1: Spanish Scaffolding for Each
Lesson

Students are provided narrated (and on-screen text) procedural information about
each lesson in Spanish. E.g., for the earlier example on finding signaling words,
“Cuando yo leo el pasaje, busco las palabras de sefializacién. ;Puedes ver la palabra
de sefializacion, diferentes en el pasaje?” After these instructions, students will read
the passage in Spanish (with IT narrating the text in Spanish). Then IT gives the
students a preview of what is expected in the English Language version of the les-
sons. The student is finally placed in the English lesson to apply the skills they
learned in their L1.

This adaptation is designed to take advantage of the Spanish literacy skills that
students may have. It has been shown that L1 literacy skills transfer very well to L2
as noted by Cummins’ dual language iceberg theory. It has also been shown that
tapping into their L1 literacy can aid their understanding of L2—hence the Spanish
version of the passage (Slavin & Cheung, 2008).

Two versions of the English language passage are available to the learners. The
first form of the text is at grade level readability. The second is an easier version of
the passage created using features identified by previous research studies (Abedi,
2006; Williams, et al., 2009). Students are initially placed into reading the easier
versions of the English passage and gradually transitioned into the regular grade
level lessons based on their scores in each lesson (e.g., if they are able to score 80 %
or higher on main idea tasks, they may be transitioned into the grade level passage
in the next lesson).

2.2 SWELL Extension 2: English Hybrid for Each Lesson

Each SWELL lesson has an English preview lesson for the EL learners. Examples
of elements covered in this preview are vocabulary enhancements (activities
designed to identify cognates, roots, affixes, and morphological relationships;
using words in context, and learning synonyms) and previewing sentences in eas-
ier versions. In these adaptations students can also click on specific words on the
screen and hear the word meaning in English. Students may highlight a whole
sentence and have IT give them an alternative simplified sentence to help them
understand it. The vocabulary enhancements found to be effective in current
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research include those of August, Branum-Martin, Hagan, and Francis (2009),
Beck, McKeown, and Kucan (2008), Dalton and Grisham (2011), Kamil and
Hiebert (2005), and Proctor et al. (2011).

After completing these previews of the lesson, the student is allowed to complete
the full lesson by clicking on signaling words, writing a main idea, and writing a full
recall of the passage.

This adaptation is designed specifically for learners who do not have the Spanish
literacy or oral language proficiency necessary to first practice in their L1. Instead
we are trying to give them scaffolds to develop their English language vocabulary
and background knowledge necessary to comprehend the grade level texts. Again,
students initially read the easier version of the English passage prepared for the
Spanish Scaffolding enhancement. As they gain confidence and their performance
meets the thresholds set after the iterative studies, they are transitioned into grade
level text passages.

3 Results from Pilot Studies

The research team has recently completed three series of quasi experimental
research studies on the SWELL software with children in grades 4, 5, and 6. Our
findings on a single subject design study showed children using the SWELL soft-
ware made expected progress in the signaling word, text structure classification,
main idea, and recall tasks. Usability tests showed that children using the English
Hybrid version of SWELL were unable to navigate the system without explicit
instructions in Spanish. Finally, the extended study with a matched control group
showed that the SWELL classroom children outperformed the matched sample on
signaling word and main idea tasks. The single subject design study is further
described here.

In order to identify the necessary customizations for the many different profiles of
ELs, we conducted a multiple-baseline single-case design Study 2 with School District
B (Elementary — grades 4 &5 and Middle School —grade 6). In addition to the experi-
mental data, we conducted a survey of the students about their opinion of SWELL.

The research questions were:

1. Does the Spanish Scaffolding Intervention improve performance on comparison
measures (signaling word use and main idea quality)?

2. Does the English Extension Intervention improve performance on comparison
measures (signaling word use and main idea quality)?

We followed the guidelines from the What Works Clearinghouse (Kratochwill
etal., 2010) for designing and implementing a single-case study. We used a multiple
baseline design using the staggered introduction of the independent variable
(Spanish Scaffolding or English Extension) across different points in time. The
study used the repeated and systematic measurement of the dependent variable (sig-
naling word use and main idea quality) before, during, and after the active manipu-
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lation of the intervention (Spanish Scaffolding, Delayed Spanish Scaffolding,
English Extension, and Delayed English Extension). The measurements at baseline
and repeated at the completion of each intervention phase used three equivalent
forms (Kratochwill et al., 2010).

The unit of analysis was the individual student. The school district provided the
research team with measures of student’s English reading comprehension profi-
ciency and teacher ratings of the students’ comprehension proficiency. In this study
61 students in grades 4, 5, and 6 were stratified on grade level and the assessment-
based comprehension level and randomly assigned to one of four research
conditions:

. Spanish Scaffolding Regular start (SR)
. Delayed start Spanish Scaffolding (SD)
. English Extension Regular start (ER)
. Delayed start English Extension (ED)

A~ LW =

The following patterns were used in the design (L1S=Lesson 1 in Spanish;
L1H=Lesson 1 Hybrid; P1 and P2 are pre- and posttest delivered on paper; C1 =first
of computer presented repeated measures with equivalent comparison texts)

SR (Spanish Regular)

P1,C1,C2,C3, L1S,L2S,L3S, C4,C5,C6, L3aS,L4S,L4aS, C7,C8,C9, L4.5S,
......... C10,C11,C12, P2

SDelayed

P1, C1,C2,C3, ......... C4,C5,C6, L1S,L2S,L3S, C7,C8,C9, L3aS, L4S,L4aS,
C10,C11,C12,P2

ER (English Hybrid Regular)

P1,C1,C2,C3, L1H,L2H,L3H, C4,C5,C6, L3aH,L4H,1.4aH,C7,C8,C9, L4.5H,
......... C10,C11,C12,P2

EDelayed

P1,C1,C2,C3, ......... C4,C5,C6, L1H,L2H,L3H, C7,C8,C9, L3aH, L4H, L4aH,
C10,C11,C12, P2

Participants within each research condition used the same lesson topics and prac-
tice tasks with different adaptations. The dependent variables (signaling word use
and main idea quality) were measured using two paper and pencil tests (P1 & P2)
that were used in previous studies and 12 equivalent forms (C1 to C12) developed
by author and administered on the computer. The forms contained comparison pas-
sages each with 128 words and 96 idea units. Signaling word scores were based on
students filling in four blanks to test understanding of signaling words for the com-
parison text structure (a signaling cloze task). The main idea quality was based on
students writing a main idea for the passage (with the passage in view). These forms
were modeled after the paper measures used in previous studies (Wijekumar et al.,
2012, 2013, 2014; Wijekumar & Meyer, 2012).
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Data points graphed below (see Figs. 7.3, 7.4, 7.5, 7.6, 7.7, and 7.8) comparing
the regular and delayed conditions show that some causal conclusions may be drawn
from the results. We present samples from Grade 4 in the Spanish and Delayed
Spanish conditions below. The graphs are grouped based on similar teacher ratings
and ACCESS scores showcasing the differences between the Spanish and Delayed
Spanish participant performance. We begin with students with low ratings followed
by medium and then high ratings.
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4 Conclusions

In this study, we extended the English version of the web-based ITSS to support and
scaffold Spanish-speaking English language learners and gathered evidence on how
children with low English reading comprehension skills performed when interact-
ing with two SWELL adaptations. By using the single subject design were are able
to explore the impact of the intervention components. The theoretical justification
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for the structure strategy instruction was confirmed with the study showing all the
children using the software improved in their main idea and text structure classifica-
tion tasks. Children using both SWELL adaptations (English Hybrid vs. Spanish
Scaffolding) showed similar gains. It was observed and also confirmed with the
teachers that most of children were not fluent in academic Spanish and therefore
were unable to take advantage of the Spanish texts and supports in the Spanish
Scaffolding version of the software. All the children were able to understand the
instructions and interact with both versions of the software to show improvements.
Finally, the textbook used in the participating schools recommended that children
use the first and last sentence of the passage to write a main idea. This conflicted
with the SWELL instructions and many children chose to follow the textbook
instruction. For example, one child wrote “I found it in the first sentence” on the
main idea question on the posttest.

The findings from this study show that SWELL adaptations can be useful to
Spanish-speaking English language learners and teaching the text structure strategy
can improve reading comprehension. It is also important to note that children need
consistent and high quality instruction and practice for reading comprehension and
changing practice within the classrooms is an important challenge for researchers
and developers of curricula.
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Chapter 8

Teachers’ Readiness, Understanding,
and Workload in Implementing School
Based Assessment

Norsamsinar Samsudin, Premila Rengasamy, Jessnor Elmy Mat Jizat,
Norasibah Abdul Jalil, and Hariyaty Ab Wahid

Abstract Education is a major catalyst in the development of the country. School
Based Assessment (SBA) is a new transformation in Malaysian education that
required subject teachers to conduct formative assessment during teaching and
learning process according to the procedures by Malaysian Examination Syndicate
(MES). Thus, teachers play an important role in the implementation of the national
education policy in order to develop students’ potential and achievement in physi-
cal, emotional, spiritual, and intellectual. This requires teachers’ contributions of
effort, involvement, and overall professionalization. This study aims to investigate
teachers’ readiness, understanding, and workload in implementing SBA. Further,
this study also seeks to determine the relationship between teachers’ understanding
and workload, as well as between teachers’ readiness and workload. Participants
comprised 260 teachers from primary schools in the district of Kerian. The results
showed that the level of teachers’ understanding and readiness towards implement-
ing SBA is high. However, the workload level among teachers was also high.
Correlation analysis indicated that there is a significant negative relationship
between teachers’ understanding and readiness with the level of workload.

Keywords ¢ Readiness ® School Based Assessment (SBA) ¢ Understanding
Workload

1 Introduction

The success of an education system is determined by students’ learning and
performance. Ministry of Education (MOE) in Malaysia realized that the education
system needs to go through a comprehensive and systematic transformation if
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Malaysia aspires to produce quality individuals who can compete in a global market
(Preliminary Report of Malaysian Education Development Plan 2013-2025,
September 2013). In line with the National Education Philosophy, MOE focuses on
the holistic development of students that emphasizes the development of intellectual,
spiritual, emotional, and physical.

Malaysia has undergone few educational policies to improve students’ develop-
ment and performance. The country implemented New Primary School Curriculum
in 1983. However, the policy name has changed to Primary School Integrated
Curriculum (KBSR) in 1993 (KPM, 2014). The assessment in KBSR was more on
examination oriented instead of holistic education (Lembaga Peperiksaan Malaysia,
2012). Therefore, the policy has been reviewed, and new educational policy,
National Education Philosophy and Curriculum Standard for Primary Schools
(KSSR), was introduced in 2012. KSSR emphasized in holistic education, including
reading, writing, counting, reasoning, ICT, development of social-emotional, spiri-
tual, physical, cognitive, behavior, and value (KPM, 2014). In line with KSSR, the
government announced National Education Assessment System (SPPK) and under
this system, School Based Assessment (SBA) was introduced (JPN Perak, 2013).
The main objectives of SPPK are to reduce the focus on examination, strengthen
SBA, improve students’ learning, continuous holistic assessment, and develop bet-
ter human capital (Lembaga Peperiksaan Malaysia KPM, 2012).

There are five components of SPPK including the assessment of physical activi-
ties (sports and co-curriculum activities), psychometric assessment, school assess-
ment, center assessment, and center examination. School assessment is divided into
two parts: formative and summative (Lembaga Peperiksaan Malaysia KPM, 2012).
For school assessment, each school is responsible for implementing their own
assessment, which requires teachers to design, construct items and instruments,
manage, mark the scores, record and report the assessment for every subject they
teach. The aims of school assessment are to enhance students’ learning and improve
teaching effectiveness (Lembaga Peperiksaan Malaysia KPM, 2012). Furthermore,
a few characteristics of the SBA includes: (a) able to provide a holistic overview of
the knowledge and skills attained by students, (b) continuous assessment of teach-
ing and learning, (c) flexible assessment methods according to students’ ability and
readiness, and (d) view students’ achievement based on performance standards. The
performance standard is a set of statements describing the achievement and mastery
of an individual student within a certain discipline, in a specific period of study
based on an identified benchmark. The performance standard will help inform
teachers the most suitable way to assess individual student fairly in a focused man-
ner based on the predetermined set of standards.

The evolution of national education system requires a paradigm shift among
teachers. Drastic changes need to be made by the teachers to adopt the new educa-
tion system. They must change the way they think and practice (Zaidatun & Lim,
2010). In every education plan, teachers play very important roles and they must
fully understand the implementation of the new system (Nor Hasnida, Baharim, &
Afian, 2012; Yusof & Ibrahim, 2012).
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1.1 Problem Statement

The education sector in Malaysia demands high commitment among teachers to
plan lessons, teach in the classroom, prepare students’ report card, conduct co-
curriculum activities, attending professional development courses, and collaborate
with parents and the community. This is supported by Lemaire (2009) who found
that teachers are burdened with tasks that unrelated to teaching and learning, extra-
curricular activities, attending meetings, conducting student programs, and manage-
rial duties. Furthermore, various reforms of education system contribute to teachers’
stress as they are facing challenges and pressures to fulfill the requirements of the
new system (Tajulashikin, Fazura, & Muhd Burhan, 2013).

In 2011, a survey by the MOE found that teachers work 40—80 h per week, with
an average of 57 h (Preliminary Report of Malaysian Education Development Plan
2013-2025, September 2013). In addition, the National Union of the Teaching
Profession (NUTP) has complained about teachers’ workload to the Education
Minister on 30 March 2010 (Khairul Azran, 2010). As SBA announced in 2012,
teachers’ workload increases as they have to conduct the assessment process from
beginning. They have to key in the marks online in the School Based Assessment
Management System (SPPBS). This means that teachers’ understanding and com-
mitment is crucial as they are empowered to assess their students (Mohd Noor &
Sahip, 2010). Moreover, the large numbers of students in one class contribute to the
difficulty in assessing every student (Harakah, 15 July 2013; Berita Harian, 15
Disember 2010).

According to Maizura (2010), readiness is an important aspect in determining
the success and failure in implementing changes in the curriculum. For instance, the
MOE had implemented PPSMI policy in 2003.

The policy required teachers to conduct Sciences and Mathematics in English
language. This has raised objections from various parties. Finally, PPSMI policy
was announced to be discontinued in 2012 and replaced by the policy of upholding
the Malay language and strengthening the English language (MBMMBI). The
implementation of PPSMI was considered unsuccessful because most of the teach-
ers were not fully equipped with English language skills (Nor Safiza, 2011).
Students also not ready to learn science and mathematics in English. Therefore, the
purpose of this study is to investigate the level of teachers’ understanding, readi-
ness, and workload in implementing the SBA among primary school teachers in one
district. The present study also seeks to determine the relationship between under-
standing, readiness, and workload.

2 School Based Assessment

The Malaysian education system has undergone various revolutions to ensure the
development of intellectual and competencies of the society. Transformation in the
Malaysian education system was seen as a catalyst in producing a competitive
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generation at a global level. National Education Assessment System (SPPK) is an
assessment system that was introduced in the transformation of education. SPPK is
the transformation of a system that focuses on achievement tests and exams (exam
oriented) to a more holistic system. The aim is to provide a set of indicators to assess
the potential of students and the willingness to learn. In addition, the new assess-
ment intends to test students’ mastery and achievement at school.

Assessment is an important component in education because it provides informa-
tion about the progress of students to teachers, parents, and students themselves. The
results of the assessment can help teachers evaluate teaching methods and activities in
the process of teaching and learning in class. Previously, the Ministry of Education
(MOE) is concerned about allegations that the current national education system is
exam oriented based. Thus, in 2010 the MOE agreed that School Based Assessment
(SBA) is implemented as part of the Education Transformation Program (KPM, 2014).

PBS is an effort to develop a holistic human capital through an emphasis on the
mastery of knowledge, intellectual capital, acculturation progressive attitude, and
practice of values, ethics, and high morals as recorded in the Education Development
Master Plan (PIPP) and the National Integrity Plan (PIN) and as envisaged by the
National Mission (KPM, 2014).

SBA is a holistic assessment that is able to assess the cognitive (intellectual),
affective (emotional and spiritual) and psychomotor (physical) in accordance with
the National Education Philosophy and Curriculum Standard for Primary Schools
(KSSR). SBA is optimized for assessing academic and nonacademic of student
achievement as it provides recognition and autonomy for teachers to implement
formative assessment (assessment conducted during the learning process) and sum-
mative assessment (evaluation conducted at the end of a learning unit) in schools.
The SBA component in the national assessment system includes School Assessment,
Center Assessment, Assessment of Physical Activity, Sport and Co-Curricular, and
Psychometric Assessment (KPM, 2014).

The School Assessment is designed, built, managed, checked, recorded, and
reported by school teachers at the school. Sample assessment instruments that
can be used are worksheets, observations, quizzes, checklists, report assign-
ments, homework, and tests. Other than that, Center Assessment was adminis-
tered, checked, recorded, and reported at the school level by teachers based on
assignments and grading schemes issued by the Malaysian Examination Board
within the period prescribed by the subjects. Meanwhile, Assessment of Physical
Activity, Sport and Co-Curricular is implemented at the school level. It is
administered, recorded, and reported through students’ participation, involve-
ment, and achievement in physical activity and health, sports and games, and
other extracurricular activities. Above all, Psychometric Assessment is
implemented at the school level to measure students’ abilities (i.e., innate ability
and acquired ability), thinking skills, problem-solving skills, interests, prefer-
ences, attitudes, and personality.

In order to ensure the effectiveness of the SBA implementation, teachers are
required to comply the Standard Curriculum Document (SCD) and Performance
Standard Document (PSD) (KPM, 2014). SCD contains topics that should be
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learned and delivered in the learning process while the PSD is the main reference
for assessing and measuring students’ mastery. Furthermore, School Based
Assessment Management System (SPPBS) and Assessment of Physical Activity,
Sport and Co-Curricular (JSK) were developed for recording, storing, and reporting
student progress. Teachers are required to key in the students’ data and the stored
data can be printed as a report when required.

In conclusion, the implementation of the SBA can measure and describe the
potential of individual students, monitor growth and help to increase their individual
potential, and make meaningful reporting on individual learning. Therefore, SBA
will ensure that students will achieve international standards in the field of knowl-
edge, skills, and competencies through the education system.

3 Methodology

This study involved 260 teachers from 67 primary schools in Kerian district. A
stratified sampling technique was used, where the researcher divided the schools
into National Primary School (SK) and National-type School (Chinese and Tamil).
Participants were randomly selected from each school. The instrument used in this
study was adapted from previous research conducted by Kalawathi (2013), Nesan
(2012), Fazura (2011) and NUTP Survey. The questionnaire is divided into three
parts: demographic factors, teachers’ understanding and readiness, and teachers’
workload in implementing SBA. The questions are 5-point Likert scales ranging
from disagree very much to agree very much. The reliability of the instrument has
been verified by Cronbach’s Alpha, in which alpha value of understanding is 0.893,
readiness is 0.831, and workload is 0.792.

The data gathered from the participants were analyzed using the Statistical
Package for the Social Sciences (SPSS). Descriptive statistics was used to dis-
cuss the participants’ demographic information and participants’ level of under-
standing, readiness, and workload. The differences between the participants’
level of workload and gender and school category were analyzed using
Independent-samples # test. One-way ANOVA was utilized to determine the dif-
ferences between the participants’ level of workload and school type. The rela-
tionship between participants’ understanding and workload, as well as the
relationship between participants’ readiness and workload, was measured by
correlation analysis.

4 Results

This section will discuss the demographic factors of the participants, the level of
understanding, readiness, and workload in implementing SBA. The result of the
differences between the level of workload and gender, school category and school
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type will be discussed too. Further, this section will reveal the findings on the rela-
tionship between the level of understanding and workload, and the relationship
between the level of readiness and workload among teachers in implementing SBA
at school.

As refer to Table 8.1, the majority of the participants are female (71.2 %). Male
teachers are only 28.8 % of the total participants. According to school category,
most of the participants are working at schools in the rural area (61.2%). Those
working in the urban area are only 38.8 %. There are 63.1 % of the participants
working at SK, 21.5 % at SJKC, and 15.4 % at SIKT.

Table 8.2 describes the level of understanding, readiness, and workload in imple-
menting SBA among primary school teachers. The majority of the participants have
a high understanding about the SBA (70.8 %) and only 5.4 % of them have low
understanding. For readiness aspect, most of the participants have a high level of
readiness (71.2 %). However, 26.5 % of them have a moderate level of readiness.
Most of the participants respond that they have a high level of workload (72.7 %).
This is followed by 27.3 % of them that reported moderate levels of workload.
However, none of the participants rated low level of workload.

Table 8.1 Demographic factors of the participants

Demographic factors of the participant Frequency (n=260) Percentage (%)
Gender

Male 75 28.8
Female 185 71.2
School category

Rural area 159 61.2
Urban area 101 38.8
School type

National (SK) 164 63.1
National type-Chinese (SJKC) 40 21.5
National type-Tamil (SJKT) 56 15.4

Table 8.2 Level of understanding, readiness, and workload

Factors Level Mean Frequency (n=260) Percentage (%)
Understanding Low 1.00-2.33 14 54

Moderate 2.34-3.66 62 23.8

High 3.67-5.00 184 70.8
Readiness Low 1.00-2.33 6 2.3

Moderate 2.34-3.66 69 26.5

High 3.67-5.00 185 71.2
Workload Low 1.00-2.33 0 0

Moderate 2.34-3.66 71 27.3

High 3.67-5.00 189 72.7
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Table 8.3 Differences between participants’ level of workload and gender and school category

N Mean SD t value Df p
Gender
Male 75 3.68 4703
Female 185 3.92 4344 -4.032 258 .000?
School category
Rural area 159 3.90 4479
Urban area 101 3.77 4640 -2.278 258 .024*

Significant at 0.05

One-way ANOVA found that there is a significant difference between the level
of workload and school type, F (2, p=0.000)=40.260. The post hoc test indicated
that significant differences exist between SJKC, SJKT, and SK. Participants at
SJKC reported the highest level of workload (M=4. 3708, SD=0. 3954).

As displays in Table 8.3 above, there is a significant difference between the par-
ticipants’ level of workload and gender, 7 (258, p=0. 000)=-4.032, p<0.05. Both
male and female teachers reported a high level of workload. However, female teach-
ers reported higher workload level (M =3.92, SD=.4344) than their male counter-
part (M =3.68,SD =.4703). The result also shows that there is a significant difference
between the participants’ level of workload and school category, at (258,
p=0.024)=-2.278, p<0.05. Although teachers in rural and urban area reported a
high level of workload, teachers in the rural area rated higher level of workload
(M=3.90, SD=.4479) than those in the urban area (M =3.77, SD=.4640).

Pearson correlation analysis revealed that there is a significant negative relation-
ship between the participants’ level of understanding about the SBA and their work-
load (r=-.216, p<0.01). The result also found that there is a significant negative
relationship between the participants’ level of readiness for implementing SBA and
their workload (r=.266, p<0.01). These indicate that the higher the perceived level
of participants’ understanding and readiness about the SBA, the lower they would
perceive of their workload.

5 Discussion

Overall results indicated that the majority of the teachers in the particular district
understand about the implementation of the SBA. They were also ready in imple-
menting the system. However, as the SBA is a new assessment system introduced
by the Malaysian government, the majority of the teachers reported a high level of
workload in implementing it. Teachers at SJKC perceived the highest level of
workload as compared to teachers in other school types. In addition, teachers in the
rural area experienced a higher level of workload than those in urban areas. This
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may due to the lack of the facilities and internet coverage in the rural area. In terms
of gender, female teachers perceived a higher level of workload in implementing the
SBA as compared to their male counterpart.

Findings showed that teachers in primary schools have a high level of under-
standing in implementing the SBA. Item analysis indicates that most teachers are
benefiting from attending training sessions organized by MOE in which it managed
to increase their understanding about SBA. In addition, support services and online
mentoring by the Malaysian Examination Board is also helpful in improving their
understanding about SBA. Besides, their readiness level is high in implementing
SBA at school. Other research conducted by Ruhila (2012) and Ismadiah (2012)
also found that the level of understanding is high among teachers in Johor. However,
teachers’ readiness in implementing SBA is only at a moderate level (Ismadiah,
2012; Nor Hasnida et al., 2012). Item analysis shows that teachers make a good
preparation before teaching the KSSR subjects and always implement innovations
in teaching and learning. However, teachers are not highly ready to try new strate-
gies for implementing SBA. Furthermore, their level of readiness to go for more
training about SBA was moderate.

This study found that the level of teachers’ workload is high in implementing
SBA. Factors that contribute to their high level of workload are: SPPBS is dif-
ficult to access, delay in databases due to poor internet coverage in rural schools,
and they need to print a lot of instruments for evaluation purposes. In addition,
the evaluation of ICT elements is difficult due to lack of computer facilities in
schools. Furthermore, teachers face difficulties in evaluating weak students and
those who always absent from school. These issues have been brought up by the
National Union of the Teaching Profession (NUTP) complaining too many data
to key in into the system for District Education Office (PPD) and MOE. They
also complain that the SPPBS system always hangs and teachers have to reenter
the data (The Star, 2013). Realizing the problems faced by the teachers, the
government has taken continuous improvement to strengthen the implementa-
tion of the new system.

The results indicated that there is negative relationship between the levels of
understanding and workload, and between the level of readiness and workload.
Teachers who have low understanding and readiness about the SBA tend to have a
higher level of workload. According to Mahamod, Yusoff, and Ibrahim (2009),
teachers are the driving force and the main impetus to the process of teaching and
learning in the classroom. Therefore, a teacher must be equipped with all related
knowledge of the SBA. Implementation of formative assessment in the SBA
requires serious changes among teachers. They need to change the perception of
their role in improving student achievement and classroom practice (Hamzah &
Sinnasamy, 2009; Nesan, 2012).

Evolution in the school assessment system in Malaysia requires a continuous
process with several phases such as readiness, adoption, commitment, and
institutionalization (Armenakis, Harris, & Feild, 1999; Lewin, 1951). SBA as a
new national education policy requires the transformation of thinking and ways
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of working among teachers. The failure of the MOE in ensuring the readiness of
teachers at the early stages of the change process will contribute to overall orga-
nizational failure in effectively managing change (Nor Azni, Fooi, Soaib, &
Aminuddin, 2014). Willingness to change is described by the beliefs, attitudes,
and intentions (Nor Azni et al., 2014). At this stage, organizational members
should recognize the importance of change and switch their old practices to new
ones. Failure to establish the readiness will affect a failure of change (Nor Azni
et al., 2014). Therefore, school leaders are responsible for promoting teachers’
readiness and commitment to change.

SBA as a new reform in the Malaysian education system requires educational
leaders to take proper approaches to managing the changes. Kurt Lewin pro-
posed that successful change should follow three steps: unfreezing the status
quo, the movement to the desired end state, and refreezing the new change to
make it permanent (Robbins & Judge, 2013). According to Osland, Kolb, Rubin,
and Turner (2007), resistance to change is a natural reaction to change and part
of the process of adaptation (p. 643). Hence, unfreezing the status quo refers to
overcoming the pressures of both individual resistance and group conformity
(Robbins & Judge, 2013, p. 619). This could make the transformation process
from status quo to desired aims. The restraining forces that hinder movement
from the existing equilibrium should be decreased. Management should focus
on how to increase driving forces that direct behavior away from the status quo
(Robbins & Judge, 2013). Thus, refreezing step stabilizes a change intervention
by balancing driving and restraining forces (Robbins & Judge, 2013). In imple-
menting the SBA in schools, the educational leaders should understand factors
that affect teacher understanding, readiness, and workload. High understanding
and readiness among teachers will decrease their perceive workload in imple-
menting the new system.

6 Research Limitations

The study was conducted only in one district in Malaysia. Thus, the first limitation
is the generalizability of the results. The findings of the study cannot be generalized
to all teachers in the country. For the purpose of generalizing the results, more stud-
ies that involve larger samples are needed. Another limitation is related to the con-
structs that have been investigated. This current study investigated three constructs
(i.e., teachers’ readiness, understanding, and workload) in implementing the new
school based assessment. However, there are several other factors that contribute to
the effectiveness and efficiency of the new school based assessment implementa-
tion. For instance, the school leaders’ support and leadership behavior, sufficient
information and technology facilities, teachers’ background, and teachers’ experi-
ences in their professionalism.
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7 Conclusion

The SBA was introduced in 2011 to be implemented in all primary schools in
Malaysia. Over the years, it is still early to evaluate the progress and success of the
new system. The attitude of teachers who are not comfortable with the reform needs
to be addressed. Exam-oriented emphasis needs to be changed to the assessment of
individual student’s skills and achievement. Implementation of formative assessment
in SBA requires a serious shift in mind-set among teachers. Furthermore, teachers will
be burdened and distressed in implementing the SBA if they do not understand about
the system and if they are not ready to fulfill it. Teachers need to be more skilled in
time management. Among the challenges in implementing the SBA is the use of
online reporting system, management of document files, assessment of students who
have different competencies in the classroom, teaching and learning strategies, and
allocation of time for the implementation of activities in the classroom. Therefore,
support from principals is crucial in implementing the SBA in schools. According to
Muzammil and Kamariah (2011), good interaction between the school principals and
teachers will contribute to the high level of job satisfaction and better performance
among teachers. In addition, the management of the school should provide great assis-
tance and adequate facilities for teachers in order to implement this new system.

As a conclusion, teachers in primary schools in the district of Kerian have a high
level of understanding and readiness in fulfilling the SBA. However, they are bur-
dened with high workload in implementing it. Since the significant negative rela-
tionship exists between level of understanding, readiness, and workload, possible
way to reduce the workload is to ensure that teachers highly understand the require-
ments of the SBA and are always ready to implement it. Consequently, they will
also change their perception to a more positive view of the SBA.

Findings from this study would be able to provide important information to
MOE, schools, and teachers concerning the implementation of SBA in schools.
Revealed aspects such as the level of teachers’ understanding, readiness, workload,
and the relationship between understanding and readiness to workload, provide bet-
ter insights on how to effectively and efficiently implement this new assessment
system. However, as the findings of this study cannot be generalized, more study is
needed in order to contribute to the existing knowledge relating to SBA implemen-
tation in Malaysia. As the Malaysian government continuously makes an improve-
ment of this new assessment, research on the level of parents’ acceptance and the
effectiveness of the system in students’ performance should be conducted.
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Chapter 9
Digital Storytelling: Emotions in Higher
Education

Sandra P.M. Ribeiro, Anténio A.F.G. Moreira,
and Cristina MLF. Pinto da Silva

Abstract In tandem with the deep structural changes that have taken place in society,
education must also shift towards a teaching approach focused on learning and the
overall development of the student. The integration of technology may be the drive to
foster the needed changes. We draw on the literature of pertaining to the role of emo-
tions and interpersonal relationships in the learning process, the technological evolu-
tion of storytelling towards Digital Storytelling and its connections to education. We
argue Digital Storytelling is capable of challenging HE contexts, namely the emo-
tional realm, where the private vs. public dichotomy is more prominent. Ultimately
we propose Digital Storytelling as the aggregator capable of personalizing Higher
Education while developing essential skills and competences.

Keywords Digital storytelling ® Emotion ¢ Higher education

1 Introduction

In the complex society we live in, with the unforeseen future demands and the need
for competence development, it has become widely acknowledged that approaches
to teaching and learning need to encourage greater student involvement anchored in
constructivist perspectives. As Laurillard (1993), among others, has argued, higher
levels of thinking and cognitive development occur in contexts that stimulate curi-
osity, problem-solving and reflective, critical thinking skills (see also the work of
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Schon, 1983 and others), where students are actively engaged in learning, in the
construction of knowledge (see the work of Dewey, Freire, and Vygosky, for exam-
ple). In the foreword of the book Education for judgment: the artistry of discussion
leadership, Elmore (1991) states:

The aim of teaching is not only to transmit information, but also to transform students from
passive recipients of other people’s knowledge into active constructors of their own and
others’ knowledge. The teacher cannot transform without the student’s active participation,
of course. Teaching is fundamentally about creating the pedagogical, social, and ethical
conditions under which students agree to take charge of their own learning, individually and
collectively. (p. xvi—xvii)

For many teachers in higher educational contexts, the challenge lies in attempt-
ing to understand the emerging educational context and the creation of learning
environments that will make the development of higher-order cognitive abilities
possible while encouraging teachers and students to thrive in what has been said to
be the new technological paradigm: informationalism (Castells, 2000). The integra-
tion of technology in education has been acknowledged to enhance student engage-
ment on all educational levels (Bates & Bates, 2005; Latchman, Salzmann, Gillet,
& Bouzekri, 1999; Laurillard, 1993, 2013). As students become not only consumers
but also active content creators, and literature demonstrates that technological inte-
gration in HE may constitute an interesting strategy to motivate student learning
(see Bates & Poole, 2003; Daniel, 1998; Garrison & Kanuka, 2004; Laurillard,
1993; Rogers, 2000), it invites the question whether digital technology, particularly
Digital Storytelling (DS) can possibly foster a more personalized Higher Education
(HE). However, getting personal in HE, especially through stories seems to give
raise to conflicting views. Based on the literature, we analyze and discuss emotion,
interpersonal relationships, and storytelling in order to seek further understanding
regarding the possible reasons for this contradiction and argue Digital Storytelling
might be a feasible approach to reemerge the emotional and personal in HE.

2 Getting Personal in Higher Education

After thirty years of research, Pascarella and Terenzini (1991, 2005) concluded that
“Modern colleges and especially universities seem far better structured to process
large numbers of students efficiently than to maximize student learning” (p. 646),
given that there are other essential dimensions beyond the cognitive skills and intel-
lectual growth that HEISs that are still lacking. These include consideration of stu-
dents’ psychosocial changes, related to identity and self-concept; those related to
others and the world; those related to values and attitudes; and those related to moral
development. If HE is to be viewed as a facilitator for positive overall student devel-
opment, all stakeholders involved need to rethink learning to include more than
scientific knowledge.

Illeris (2003) conceptualized this interplay of multiple dimensions and processes
into a model of learning. The author (2003, 2003, 2008) claims learning implies a
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series of processes that “lead to relatively lasting changes of capacity, whether they
be of a motor, cognitive, psychodynamic (i.e., emotional, motivational or attitudi-
nal) or social character, and which are not due to genetic-biological maturation”
(2003, p. 397). This definition of learning demonstrates that it cannot be separated
from personal development, socialization, and qualification. The author explains
that learning implies the integration of two processes —an external interaction pro-
cess between the learner and his or her social, cultural, or material environment, and
an internal psychological process of acquisition and elaboration —and three dimen-
sions—the content dimension, usually described as knowledge and skills, but also
many other things such as opinions, insight, meaning, attitudes, values, ways of
behavior, methods, strategies, and so on; the incentive dimension which comprises
elements such as feelings, emotions, motivation, and volition and whose function is
to secure the continuous mental balance of the student; and the interaction dimen-
sion, which serves the personal integration in communities and society and thereby
also builds up the student’s social dimension.

Illeris draws on the work developed by Vygotsky (1978) and Furth (1987), who
acknowledged the connection cognition and the emotion. While cognition is con-
nected to meaning making, the emotional content, Illeris defends, secures mental
balance. The social dimension’s main function is personal integration in communi-
ties and society. Other scholars who recognize this three-dimensional interplay in
learning—meaning, personal (self and identity), and contextual interaction—are
Lave and Wenger (1991) in what they describe as situated learning and Wenger
(1998), on communities of practice, where learning is perceived as “a way of being
in the social world, not a way of coming to know about it” (Hanks, 1991, p. 24).

While cognition is embraced and nurtured in HE, emotion and close interper-
sonal relationships are aspects that, despite the literature advocating their relevance,
still tend to be disregarded in favor of more traditional approaches to teaching and
learning, as these are considered private and beyond the scope of HE (see the work
of Clark, 1983; Clegg & David, 2006; Clegg & Rowland, 2010; Leathwood & Hey,
2009; Morley, 2003). Thus, regardless of the current emphasis on student-centered
learning approaches, considerable effort is made to maintain the firmly established
boundaries and the distance deemed necessary.

2.1 Situating Emotion in Higher Education

Stones (1978) was amongst the first scholars to talk about the convergence of psy-
chology and teaching, in what he termed as psychopedagogy, which means applying
theoretical principles of psychology into teaching, in order to enhance teaching and
its affective context, establishing a link between cognition and emotion. Although
current literature often tends to associate psychopedagogy with learning problems,
Saravali (2005), for example, recognizes the role of psychopedagogy in HE, where
teachers are asked to facilitate meaningful learning at a time when students of all
ages face personal development challenges, as we have seen. Saravali admits
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knowledge on student development and pedagogy is useful to help students, both
socially and affectively. Emotions are essential for human survival and adaptation as
they affect the way we see, interpret, interact, and react to the world that surrounds
us (Horsdal, 2012). Boler (1999) admits emotions are underexplored in education.
We concur with the author that it is not that pedagogy of emotions should prevail,
and that teachers and students should disclose their innermost secrets and feelings
to each other in the classroom. As teachers we do need to be aware of the intrinsic
implicit and explicit relations in higher educational settings and consider the rea-
sons why emotions have systematically been discouraged at this educational level.

Boler (1999) claims emotions are embodied and situated, in part sensational and
physiological, consisting of actual feeling—increased heartbeat, adrenaline—as well
as cognitive and conceptual, shaped by beliefs and perceptions. The author identifies
three deeply embedded conceptions surrounding emotions, which may allow us to
better grasp the reasons behind the apparent duel. Emotions have been conceived as
private experiences people are taught not to express publicly; they are a natural phe-
nomenon people must learn to control, and are an individual (intimate) experience.
Finally, emotion has been excluded from the HE’s pursuit of truth, reason, and knowl-
edge. To address emotion is risky business, especially when, as the author argues,
reason and truth prevail in HE. Emotions still tend to be associated with what the
author describes as “‘soft’ scholarship, pollution of truth and bias” (Boler, 1999,
p. 109), despite the proliferation of findings from the neurosciences advocating emo-
tions as natural and universal and always involved in the learning process (see Scherer
& Ekman, 2009, as well as Damasio, 1994, 2000, and Bartram, 2015 for example).

In his theory of consciousness, neurobiologist Damasio (2000) argues feelings
and high-level cognition are intimately connected. The author claims a person’s
emotions can either inhibit or foment the brain’s rational functioning. Additionally,
consciousness of the world and of the self emerge in the same process. Damasio
(2000) explains: “the presence of you is the feeling of what happens when your being
is modified by the act of apprehending something” (p. 10). Thus, all that occurs to a
person is emotionally laden. Damasio links not only cognition and emotion, but also
the process of meaning making, or learning. Given the significance of this finding,
the last 10 years has seen an increase in the literature on emotions in education.
Schutz and Lanehart (2002) state “emotions are intimately involved in virtually every
aspect of the teaching and learning process and, therefore, an understanding of the
nature of emotions within the school context is essential” (p. 67). Immordino-Yang
and Damasio (2007) emphasize the bound relationship between emotion, learning,
and context in their recent article We feel, therefore we learn, where they discuss the
relevance of emotions and social context on learning. The authors claim:

Modern biology reveals humans to be fundamentally emotional and social creatures. And
yet those of us in the field of education often fail to consider that the high level cognitive
skills taught in schools, including reasoning, decision making and processes related to lan-
guage, reading, and mathematics, do not function as rational, disembodied systems, some-
how influenced but detached from emotion and the body. (p. 3)

These authors, among others, assert context enables social feedback, deploying
emotions, which foster self-regulation, coping and an adequate response. Perry
(20006) eloquently explains this process as such:
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Optimal learning depends on (...) a cycle of curiosity, exploration, discovery, practice, and
mastery, which leads to pleasure, satisfaction, and the confidence to once again set out and
explore. With each success comes more willingness to explore, discover, and learn. The
more the learner experiences this cycle of discovery, the more he or she can create a lifelong
excitement for, and love of, learning. (p. 26)

Zull (2002) claims it is hard to make meaning unless it engages students’ emo-
tions. They are inseparably linked to task motivation and persistence, and, therefore,
to critical inquiry (Garrison, Anderson, & Archer, 1999). Caine and Caine (1991)
argue teachers understanding of the human brain would allow them to take advan-
tage of the natural processes so as to increase the students’ meaning making capa-
bilities. The authors claim the search for meaning is instinctive and occurs through
patterning, a process where emotions are critical. The authors admit negative emo-
tions, such as embarrassment, fear of others’ reactions and threat, inhibit learning
experiences (see also, for example, Ruthig et al., 2008), and affect memory
(Kensinger & Corkin, 2003). Pekrun, Goetz, Titz, and Perry (2002) found that posi-
tive emotions such as enjoyment, hope, and pride were connected to deeper cogni-
tive processing and critical thinking whereas negative emotions, such as boredom,
were associated negatively with such cognitively demanding processing strategies.
Dirkx (2001) and Clark and Dirkx (2008), for example, argue emotion and imagina-
tion are integral to the process of adult learning. Beard, Clegg, and Smith (2007)
found that emotion is rarely acknowledged. However, they demontrate the impor-
tance of the affective, the bodily and sociality in relation to student engagement with
learning in H. Shoffner (2009), when discussing preservice teachers, claims that
reflection and the affective domain are closely entwined, positing that the personal
plays an important, yet often overlooked, role in development.

As empirical studies proliferate and claim positive connections between emotion
and learning in HE, some authors recommend a cautious approach and alert to the
risks involved. Rai (2012) examined the significance of emotion in assessment
through reflective or experiential writing in the context of professional practice-
based learning. The author found that reflective writing raises important issues in
relation to emotion for both students and teachers assessing their texts. While admit-
ting the advantages of personal, emotionally laden reflective writing, Rai adverts to
the full complexity of the impact of emotions. Tobin (2004) also explores some of
the academic literature focusing on writing personal reflective accounts and con-
tends that while teachers should encourage emotion in the classroom, there is a
degree of risk. The author explains:

By asking students to look beneath the surface of things, to explore entrenched opinions and
values, to examine new perspectives, to write what they don’t know about what they know,
we are likely to make our teaching more exciting and more meaningful —for us and for
them. We are also likely to make it more stressful and even a little dangerous. (p. 84-85)

For Tobin (2004) and Rai (2012) personal, reflective writing translates into a
focus on emotions, in line with Schon’s (1983) view of reflection as an emotional
process. On this account, Brantmeier (2013) also claims learning that involves
reflective critical-thinking activities allows students to be flexible and fluid, respon-
sive to future yet unforeseen contextual needs. The author admits emotions invite
vulnerability that, despite the risks discussed previously, is able to deepen learning.
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Brantmeier argues the dialogic learning process should be based on the following
premise: share, co-learn, and admit you do not know. Closer personal relations,
whether between students or between students and teachers, step beyond the con-
fines of what has traditionally been deemed as appropriate for HE. Personal or emo-
tional aspects are met with mental barriers that pose difficulties to overcome but
necessary to manage.

2.2 Interpersonal Relationships in Education

Emotions are not only deeply embedded in learning processes; they are part of the
interpersonal dynamics, which comprise any learning context. Interpersonal rela-
tionships within educational contexts, whether they are teacher—student or student—
student relationships, are complex and deeply rooted in social perceptions of
teaching and learning.

Humans are social beings and therefore learning to be implies the development
of interpersonal competencies. Within this scenario, emotions, interpersonal rela-
tionships, and learning cannot be disassociated, nor can we disregard any one of
these aspects as they are intimately intertwined. Interpersonal relationships in edu-
cation have, in truth, been the subject of numerous theoretical and empirical studies
from multiple scientific perspectives over the last decades.

Given the social changes and the shift toward student-centered approaches in
education, studies have emerged emphasizing the importance of interpersonal rela-
tionships and admitting the value of the teaching and learning process derives from
the type and quality of the established relationships. For example, in his book
Learning to Teach in Higher Education, Ramsden (2010) discusses the relevance of
emotional aspects in interpersonal relationships, namely teacher—student relation-
ships, while relegating teaching and learning approaches. The substantial amount of
literature seems to confirm that positive teacher—student relationships have exten-
sive effects on students.

A review of the literature establishes a connection between positive teacher—stu-
dent relationships and greater student confidence, acceptance, happiness, and stu-
dent commitment to learning (see for example, Abrantes, Seabra, & Lages, 2007,
Cornelius-White, 2007). For Mendler (2001), a teacher—student relationship is
based on a “personal connection” that ultimately seeks to develop student “aca-
demic and social competence” (p. 21). Pascarella and Terenzini’s (1991, 2005)
review on the effect of HE on students also provides incontestable evidence that
interpersonal relationships are vital for student persistence and learning and suggest
they are relevant for student overall success in HE. Similarly, Astin (1993) among
others (see for example Pianta, Hamre, & Allen, 2012; Wubbels, den Brok, Van
Tartwijk, & Levy, 2012; van Uden, Ritzen, & Pieters, 2014) established a direct cor-
relation between student development and overall success and positive teacher—stu-
dent relationships. While addressing student-student relationships, the author
claimed: “The student’s peer group is the single most potent source of influence on
growth and development during the undergraduate years” (p. 398).
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Kuh, Kinzie, Buckley, Bridges, and Hayek (2006) also draw on the work
developed by Astin and report teacher—student interactions that extend beyond the
classroom are positively correlated with personal growth in the areas of leader-
ship, social activism, and intellectual self-esteem, and academic as well as social
self-concept. The authors insist interpersonal relationships have a significant
function in mediating student success in HE. Wentzel (1999), for example, dis-
cusses the connection between motivation and interpersonal relationships and the
repercussions on student academic success. Spencer and Schmelkin (2002) stud-
ied students’ perceptions on teaching and found that teachers’ willingness to
interact with them, to accommodate their special needs, to give feedback, per-
ceive when they were having trouble, and know them by name affected students
positively, as students associated teacher interaction with a positive teaching
experience and with repercussions throughout their lives. Carson (1996) had also
suggested that the impact of teacher—student relationships is long lasting. Student
engagement increases and becomes meaningful when students perceive that
teachers care about them and cater to their individuality (see also Fleming, 2003),
without crossing the socially established boundaries.

Drawing on the field of neurosciences, Cozolino and Sprokay (2006) empha-
size the need for a close link between learning and interpersonal relationships in
educational settings, arguing that human brain needs social interaction to make
meaning, to shape and reshape its connections, to adapt and readapt to an ever-
changing world. The authors see the brain as a social organ, designed to learn
through shared experiences.

Garrison et al. (1999) claim humor and self-disclosure are two examples of emo-
tional expression that bring people together in a community, increasing trust, sup-
port, and the sense of belonging. In turn, the sense of belonging appears to have
multiple and strong effects on emotion and cognition, as interpersonal attachments
are considered essential for human motivation (Baumeister & Leary, 1995).

At a time when roles are shifting in HE, Schwartz (2011) adverts it is important
to, as we have mentioned previously, be aware of the boundaries in these interper-
sonal relationships, that seem to be getting closer, especially between teachers
and students. Schwartz contends that in order to void, what the author calls “the
slippery slope” (p. 364), teachers distance themselves from their students, which
may refrain the relationship from becoming rich, rewarding, and valuable, increas-
ing the teachers’ position of power and failing to foster greater student interper-
sonal competencies. Schwartz argues teachers need to find the balance to
understand when and how the teacher needs to rim the boundaries to serve the
student and the relationship. This study revealed that challenging the established
boundaries enriches the mutual learning relationship and deepens the potential for
the student development.

In HEIs where traditional teaching and learning approaches predominate, inter-
personal relationships may be devalued. However, as we have been postulating, HE
is about learning and student overall development is the work of HE. If science has
proven and validated the connections, establishing the framework for teachers to
work with, the option lies in their hands.
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3 The Act of Telling Stories

The technological evolution has had a significant impact in educational practices all
over the world. Yet, while pedagogical shifts seem slow to process, technological
changes and implementations are fast-paced and widespread, perhaps suggesting
that in the exponential economic and technological development we are witnessing,
human development and other soft elements may have been overlooked.

Stories as a means of making sense of experience have proliferated across many
different subject fields, among them, education. If we perceive the idea behind edu-
cation as the re-contextualization of what has been learned in a continuous process
of meaning making, i.e., to learn how to use the knowledge and skills in different
contexts throughout life, we posit storytelling is, by far, the best tool humans pos-
sess. In this particular field McDrury and Alterio (2003) contend,

Storytelling is uniquely a human experience that enables us to convey, through the language
of words, aspects of ourselves and others, and the worlds, real or imagined, that we inhabit.
Stories enable us to come to know these worlds and our place in them given that we are all,
to some degree, constituted by stories: Stories about ourselves, our families, friends and
colleagues, our communities, our cultures, our place in history. (p. 31)

Indeed the art of telling stories, whether orally or in the form of artwork, is one
of the oldest methods of communicating ideas and learning (see for example,
Bauman, 1986; Koki, 1998; Patterson, 1999). Storytelling persists as an unwavering
tradition throughout the world and across different cultures, used to communicate
and pass down information to younger generations, to encourage questions, stimu-
late discussions, and even to explain how one should live. Stories are a means to
“socialization and enculturation” (Cruz & Snider, 2009, p. 380). Stories allow for
the intersection of perspectives, which, in turn, will foment knowledge negotiation
and construction. As Ricoeur states a narrative “construes significant wholes out of
scattered events” (as cited by Walker, 1994, p. 296). Stories evoke in all engaging
participants unexpected emotions, ideas and ultimately, unexpected selves, shifting
perspectives on experience, constructing and deconstructing knowledge.

Traditional storytelling and educational technology can be said to have travelled
divergent paths in education. While technology has seeped relentlessly into class-
rooms of all grade levels, storytelling seems to be imprisoned in lower grade levels
(K-4), and the remaining grade levels continue to intently pursue Portuguese and
Mathematics with a strict focus on standardized, national assessment. This system
pervades HE. However, research has, time and again, demonstrated the connection
between storytelling and higher-order thinking skills (Bruner, 1990, 2004;
McAdams, 1993, 2001, 2008).

Stories are essential to human communication, learning, and thinking. Sarbin
(1986) proposed the “narratory principle: that human beings think, perceive, imag-
ine, and make moral choices according to narrative structures” (p. 8). This is cor-
roborated by neuroscience and neuroimaging studies, which validate the claims that
stories activate brain activity associated with cognitive processes (see for example,
Fletcher et al., 1995; Gallagher et al., 2000; Mar, 2004). It is through stories that
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experiences gain meaning (Bruner, 1990; Polkinghorne, 1988) and, through
reflection and interpretation, is then transformed into knowledge (Lave & Wenger,
1991; Schon, 1983). Stories enable the audience to learn by analogy, instead of
direct experience (Jonassen & Hernandez-Serrano, 2002; Witherell & Noddings,
1991). Through storytelling, memory structures are construed (Schank, 1990, 1995)
becoming easier to recall than scattered pieces of information.

Schank describes intelligence as the “telling of the right story at the right time in
the right way” (1990, p. 241). Storytelling derives from the recollection and inter-
pretation of an experience that has been significant; otherwise it is not remembered
(Bruner, 1990; Schank, 1995; Thorndyke, 1977, 1990). It is this dialogic activity in
storytelling process that enables learning and thus, human development. Learning
occurs when reflection on experience is then transformed into a logical, meaningful
story that is shared with others (Clark, 2010; Clark & Rossiter, 2008). This frames
learning as a social, experiential, reflective process, integrating the cognitive, emo-
tional, and social dimensions that Illeris (2003, 2008) identifies as essential to learn-
ing. From the author’s perspective, stories, especially personal stories, motivate and
engage the author in the act of creation. To create a coherent and effective story, the
author must carefully reflect, select, prioritize, and organize what he/she wants to
say and how this can be conveyed. As the story is told, the audience interprets,
reflects, and connects to their own personal experience, construing new (mental)
stories or reinterpreting older stories, in order to construe new ones. Furthermore, if
interaction is possible between author and audience, or amongst the audience this
(social) interaction fosters discussion and further reflection. The entire process is
mediated by the intervenients’ prior knowledge, their feelings in addition to the
social and cultural context.

Despite the perceived value in storytelling, Cooney et al. (1998) have argued that
once students reach functional literacy, story is cast aside, and regarded as an infor-
mal and recreational practice, not longer an essential skill for students. Pagnucci
(2004) also posits while scholars promote the value of story writing, the academy
often devalues narrative. This idea expressed by Bendt and Bowe (2000) summa-
rizes what we believe is commonly accepted amongst educators, “Storytelling can
ignite the imagination of children, giving them a taste for where books can take
them. The excitement of storytelling can make reading and learning fun and can
instill a sense of wonder about life and learning” (our emphasis, p. 1). The authors
identify the advantages of storytelling, but associating it to a particular timeframe,
when entertainment in education is socially acceptable. This has repercussions on
higher levels of education.

Stories, especially personal stories, tend to be subjective and emotional. In
fact, what is most significant in storytelling is the premise that most significant
learning takes place during or after powerful emotional events (Witherell &
Noddings, 1991). Whereas some regard the emotion in storytelling as powerful,
others deem emotion as a weakness. Crafting a personal story is a highly com-
plex and engaging activity for meaning making that couples cognition and affec-
tion, and links the self to others. Stories are used to create consistency,
clarification, and coherence of the self, through subjective interpretation. Some
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criticize emotional and personal content in HE. However, research has repeatedly
demonstrated the emotional content at the core of personal storytelling is con-
nected to intelligence and higher cognition. It is a highly reflexive and recursive
process which incorporates the essence of human development, identity, and
education. By adding the digital to personal storytelling, we are able to incorpo-
rate the technical aspects, which drive the information society we live in.

3.1 The Digital Storytelling Process

Digital storytelling is an umbrella to refer to any type of media that assists in the act
of telling stories. Authors use ICT tools, which enable the manipulation of digital
content—audio, text, or images—to tell stories. Digital stories are the result of this
process. Digital storytelling is rapidly proliferating throughout the world perhaps due
to its unique characteristics. Digital stories thrive through the Internet, whether in
personal webpages and blogs, social networks (such as Facebook), or even specific
digital story sites (such as Storify,' StoryBook,?> Cowbird,®> Animoto,* ComicMaster,’
Picture Book Maker,® among others). Thus, there are a wide variety of digital story-
telling forms that range from the personal to educational, professional, and interac-
tive entertainment. While some digital stories are video based, others are based on
photos and others still on animations. Some are longer, other are shorter. Some are
written; others are spoken, while some incorporate multiple media formats. The
emergence of new digital technologies has given rise to what Couldry (2008) defined
as a transition from mass media toward a more “personal media” (p. 32).

Notwithstanding the widespread use of the concept, not all digital storytelling
tells stories based on workshop-format created by the Center for Digital storytelling
(CDS). This Californian model (CDS model) best fits our approach and intentions
as its emphasis is on personal voice, although we recognize it is not the preference
in the field of education. Many of the studies in the field of digital storytelling refer
to its origins and founders (CDS and Joe Lambert and Dana Atchley and Nina
Mullen) but in practice the more personal elements are, very often, overlooked. The
CDS model implies a process that has a set of recommended elements that are con-
sidered essential.

The typical 3-day CDS workshop begins with an introduction to the process, an
overview of DS, a script review and development. The main purpose of the first

! Available at: http:/storify.com/

2 Available at: http://www.kerpoof.com/#/activity/storybook
3 Available at: http://cowbird.com/

*Available at: http://animoto.com/

5 Available at: http://www.comicmaster.org.uk/

¢ Available at:
http://www.artisancam.org.uk/flashapps/picturebookmaker/picturebookmaker.php?PHPSESSI
D=9225166aladleced34b763379f64cdc9
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encounter, which we identify as the Story Circle, is to listen deeply to what each
individual is saying and encourage others to listen. Lambert (2002) acknowledges
the highly emotional and spiritual consequences of this first interaction. When there
is trust, students will take risks and put themselves into the story in ways that are
surprising and highly emotional. It is within this Story Circle that the story begins
to take shape. Lambert claims, “one of the hardest, but most important thing to do,
is getting started. Because many of the stories ask us to reveal things about our-
selves that make us feel vulnerable, putting together a story can be a procrastinator’s
paradise” (2002, p. 31). While for some this first is an easy process, for others it
proves to be a serious problem. Allocating the technological development of the
story to last, DS captures “the human-to-human, face-to-face communication as the
central means (p. 17).”

Each individual Digital Story is rooted in the Story Circle, which Lundby (2008),
Thumin (2008), and Erstad and Wertsch (2008) claim to be a collaborative process
embedded in specific social context, mediated by variety of unstated rules and social
relations that bound the story chosen by the student.

After identifying the story, it is necessary to write a short, concise half-page tel-
lable” script. For Lambert (2002), 200 words are enough to focus on the essence.
The author welcomes metaphors, which translate into economy in terms of time and
words. Each memory needs to be considered, planned, prioritized and then orga-
nized. The conversion into words becomes critical.

DS places the emphasis on the story although it is important that it is digital
given the relevance of technology in today’s society, on self-expression, self-
representation, and communication (Lundby, 2008). A Digital Story implies a 2—3-
min digital film consisting, in its simplest form, of a voice-over and self-sourced
photographs, about a specific moment or event in the person’s life (Lambert, 2002).

Lambert claims Digital Stories should include many, if not all, of the following
seven elements: (1) Point (of View); (2) Dramatic Question; (3) Emotional Content;
(4) Voice; (5) Soundtrack; (6) Economy; (7) Pacing. These are not meant to be strictly
followed, but should be regarded as guides. Although the first three elements should
be taken into account when writing the script, it is during production or the creation
process that these elements are fine-tuned and linked to create the intended story.

Point of view means the point that is being made, what is being communicated,
and the reason behind the story. Additionally, it could refer to the personal interpre-
tation of what was chosen to disclose (directly, in the first person, or through a
frame). The story should be tellable, interesting with a dramatic question, a plot
and not a mere description.

The personal and emotional elements that derive from the very nature of DS are
curiously the most criticized in the literature (Hartley & McWilliam, 2009) and, we

"Herman (2009) defines tellability as “that which makes an event or configuration of events (rel-
evantly) reportable—that is, tellable or narratable—in a given communicative situation” (p.135).
Herman notes that “a given narrative may be a rhetorically effective rendition of reportable events,
or it may be only a teller’s halting attempt to make sense of a situation with low tellability.”
(p. 34-35)
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posit, the key that distinguishes this structured version of Digital Storytelling from
the more generic digital storytelling. Lambert establishes an undeniable connection
between DS and emotion. It is our belief that herein lays the crux of what could be
the rehumanization of the world we live in.

For many, the realm of the digital is the most interesting part of the process. Story
creators are encouraged to record a personal voice-over, given that the process itself
establishes a connection between the storyteller and the story, allowing the memo-
ries of the event to surface as the story is uttered. Furthermore, voice cadence and
style can be used as an additional mean-making element or simply to establish its
rhythm (which Lambert refers to as pacing). This rhythm can also be conveyed
through the sound track. Lambert (2002) states that the correct sound track is
another mean-making element of the story. It is able to convey feelings, determine
the mood of the story, and even change the way the visual components are per-
ceived. It is another layer to the story capable of adding density and intensity and
soaking it in emotion. Hull and Nelson (2005) for example comment that music is a
pivotal means of expression and identification, especially for youth.

The final element economy seems to be the largest problem encountered. Lambert
refers to economy, not only in terms of words, but also in the visual elements. The
visual components of the story need to be thought out and organized in relation to
and interwoven with the other elements and not as an illustration of the other modes
of the story. Metaphors can also be applied to the visual layer of the story.

Technically, recoding the voice-over, the sound track and organizing the visual
components of the story allow for more than the mere manipulation of audio,
image, and video editing tools. With guidance, creators may develop essential
media and ICT literacy skills, namely: how to analyze and create media for effec-
tive communication and understand the ethical/legal issues surrounding the access
and use of Internet content.

The DS process comes to an end when the stories created are shown, which we
identify as Story Show. In Lambert’s perspective, this is the most critical and suc-
cessful part of the workshop. It is during the Story Show that recognition, learning,
and emotional release merge as one. The viewers engage in a meaning-making
process when they interpret the multiple layers of the stories. Lambert recognizes
the dialogic nature of the stories and cites Birch, when she acknowledges:

Akey element of successful storytelling is dialogic. An audience at a storytelling event—as
opposed to listening to a prepared speech or play —justly expect their presence to create a
singular occasion. The story is not the same story it was when the storyteller practiced it
before the concert began. A storyteller needs to acknowledge and adjust to, with some
immediacy, the audience’s responses, which provide a fresh and limitless source of energy,
making each telling of a story a unique event. (as cited in Lambert, 2002, p. 87)

These perspectives corroborate our earlier discussion, contending the specific
context and the each individual member of the audience construes the story uniquely
based on their own individual tacit knowledge and past experiences. Thus, it is not
so much about telling the story, but rather listening to a story at a particular moment,
in a specific context, surrounded by a certain audience that impacts interpretation.
“Digital Stories are simple but disciplined, like a sonnet or a haiku, and anyone can
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learn how to make them” (Hartley, 2008, p. 197), but more important that the actual
digital story are the processual perspectives that, similar to a complex network of
interwoven realities, are laden with advantages for education in general.

4 The Interconnected Threads of Digital Storytelling

We posit DS is the adhesive force capable of aggregating what research has identified
as core. DS is capable of integrating different literacies and language skills, as it com-
bines multimedia researching, production, and presentation skills with more traditional
activities like writing and oral production skills. In practice, DS compels students to
interpret, organize, prioritize, and make meaning of scattered events. Students are
forced to reflect on their relationship with themselves and their relation to others. The
preparation and creation phase requires students to search for and collect audio and
visual materials, such as images, photos, and sound tracks, to support their story and
then combine and organize them in such a way that allows them to create the effect
they want. It obliges students to think critically about the meaning and effectiveness of
multiple modes (elements) and their combination. This also confronts students with
copyright issues on the Web. The narrative function allows students to tell a story with
their own voice. Students need to reflect and decide on what to disclose. They are able
to record and edit their stories as often as they want before finally presenting them to
their teachers and colleagues, thus being able to improve their work until it is to their
liking. DS is a personal self-representation, mediated by its limits. Length restrictions
foster new ways of thinking, creativity, and imagination. DS is also user-generated
media, placing the focus on the student instead of the teacher, giving students leeway
to cater to their own individual interests and learning styles, toward a more personal-
ized learning context. This however changes classroom dynamics and relationships,
putting a spin in traditional lectured-based HE classrooms.

During the final viewing students may be confronted with positive or negative
feedback to their final stories (as for example happens with movies uploaded onto
YouTube). This fosters further reflection, interpretation, and meaning making in the
author and the audience. The story circle and the story show are about listening,
promoting community, trust and closer emotional ties between teacher and student
and amongst the students. The content is personal and emotional, and thus empow-
ering, motivating, and engaging. It seems that Digital Storytelling offers more than
an opportunity to incorporate technology. As a process, Digital Storytelling demon-
strates the capacity to aggregate the essence of HE: human (personal) development,
social relational development, and technology.

DS is not just about creating digital stories; the foundations are embedded in
story telling, in the act of sharing. DS in education can foster closer interpersonal
connections based on trust, affection, and dialogue. The act of sharing begins in
the Story Circle and continues through the Story Show. Significant cognitive
development takes place in the interpersonal interactions prior to and after the act
of creating the final story where self-reflection is the stepping-stone to dialogue,
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as advocated by the literature. This process fosters opportunities to connect and
deepen relationships between students and teachers and amongst students. On the
other hand, for students to talk about what is socially perceived as private is hard
because they are afraid to be criticized. Students, like everybody else, worry about
what impression they make on others and each element of the story is carefully
selected and organized to disclose what they want. The DS process enables stu-
dents to undergo a process of self-reflection on who they are and what they wanted
to show, whether they then disclosed their thought or not.

Additionally, DS is emotional, sometimes upsetting because it focuses on issues
presented from a personal perspective. Emotional and personal content is the precise
focal point for criticism in DS, as society often cultivates the notion that the personal
myth is too selfish, placing the self above society. McAdams (1993) argues, crafting
personal stories is an “ongoing act of psychological and social responsibility” (p. 35)
not selfishness. However, older people in particular have often been discouraged to
talk openly about their personal lives, an idea that is still passed down to other gen-
erations. In today’s society, emotional health cannot be viewed as secondary, but as
essential to the twenty-first century student as the other persistently identified skills.
While research on reflective teaching and emotional intelligence is abundant, the
truth is that it remains a challenge to bring this practice into HE classroom.

The shift to personal perspective from which emotion stems is associated with
higher-order cognition, positive student development and personalized, closer and
less formal learning. Moreover and connected to emotion and self-disclosure, inter-
personal relationships influence have significant impact not only at the personal
level, but also on the academic and the professional realms as well. However, we
would like to assert that while these three perspectives are intertwined and cannot
be dissociated, our practical experience as teachers has demonstrated, the personal
is still seen as unessential and even uncalled for in HE by teachers and students
alike. Students are understandably reluctant to talk about themselves and what they
perceive to be as private, too personal and emotionally laden content and not belong-
ing to the field of academia. Teachers seem to have the same opinion, admitting that
there is an invisible boundary that is not crossed unless students volunteer the more
personal details. This raises the question of what is considered appropriate in HE,
what is perceived as private, and what is considered public.

The largest obstacle in incorporating DS in HE seems to be getting teachers to
recognize its value, to recognize that student reflection and expression of emotion
enriches the learning process. Teachers need to acknowledge the alignment between
DS and the intended learning outcomes in HE: DS encourages student inquiry,
deeper analysis, critical thinking skills, visual literacy skills, visual and oral com-
munication, teamwork, global and civic knowledge, as well as personal develop-
ment—the rooted intentions of HE.
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Assessments and Analytics for
Teachers and Decision Makers



Chapter 10
Addressing Standardized Testing Through
a Novel Assessment Model

Martha H. Carey and Catherine C. Schifter

Abstract The No Child Left Behind legislation of 2001 spawned a plethora of
standardized testing services for the high stakes testing required by the law. We
argue that one-size-fits-all assessments disadvantage a wide range of students in the
United States, including those who are English Language Learners, have limited
economic resources, are designated as special needs, or are not reading on grade
level. The SAVE Science project was developed to explore whether and how con-
textually driven assessments support these students in demonstrating their under-
standing of science content in grades 6-8. Preliminary findings from this 6-year
study (not reported here) suggest that situating assessment in virtual environments
may help students in answering content questions correctly and better understand
their own science knowledge and learning process.

Keywords Critical theory * Standardized testing ¢ Virtual environments

1 Introduction

The ubiquitous standardized tests developed by a small number of educational
services companies and used in American schools contain questions culled from
the cultural experiences of, and based on the language abilities of, the test content
developers. All students are expected to be familiar with this content, but in truth
it is often far removed from the diverse experiences and skills of actual students.
And this expectation automatically disadvantages particular groups of students,
particularly English Language Learners, students with limited economic resources
(which can constrain exposure to varied cultural experiences) and students with
special needs. Students taking such tests experience an existential dislocation:

M.H. Carey, Ph.D. (0<) « C.C. Schifter, Ph.D.

College of Education, Temple University, 1301 Cecil B. Moore Avenue,
Philadelphia, PA 19122, USA

e-mail: Martha@careythinking.org; Catherine.schifter@temple.edu

© Springer International Publishing Switzerland 2016 171
J.M. Spector et al. (eds.), Competencies in Teaching, Learning and Educational
Leadership in the Digital Age, DOI 10.1007/978-3-319-30295-9_10


mailto:Martha@careythinking.org
mailto:Catherine.schifter@temple.edu

172 M.H. Carey and C.C. Schifter

they must answer questions in a formal and rigid way, questions that may call for
cultural acuity or information they may not have, written by unseen experts for
whom this information is often intuitive. This can turn test taking into an Escher-
like endless loop of apparent disconnectedness.

A Principal of a public elementary school in New York penned an editorial in the
New York Times recently which touched on that disconnection, noting that English
Language Arts standardized test content (developed by Pearson Publishing for the
State of New York) presented students with questions that were confusing and inap-
propriate; there was a strong emphasis on questions addressing the structure rather
than the meaning of texts and a lack of passages with an urban setting (Phillips,
2014). Her point is even more arresting when one considers the fact that, according
to the 2010 census data, approximately 80 % of the population of the United States
lives in an urbanized, non-rural area.

The standardized tests she describes carry high stakes for everyone involved,
including students, schools, and teachers. And this pressure does not stop at the
country’s borders. The international PISA (Program for International Student
Assessment) tests are administered in over 60 countries, and the test outcomes are
often touted as key to global competitiveness (Lynch, 2015). For education policy
makers, a poor showing reflects the fear that, as U.S. Secretary of Education said
after release of the 2012 PISA scores that our students are basically losing ground,
we are running in place as other high-performing countries start to lap us
(U.S. Department of Education, 2013). Yet the PISA test questions on science
knowledge (to cite just one example) have included decontextualized references to
birthing calves, calf cloning, cattle breeders, and how a fly infestation on a farm
impacted the health of a herd of cows (OECD, 2012).

The shift to high stakes testing is yet another national educational policy change
in the United States that is an outcome of ongoing cultural and political conflicts at
the macro level (Apple, 2007, p. 165). At the classroom level, in order to make these
tests count, teachers must work within a new and seemingly permanent professional
contradiction: they are trained to differentiate instruction to meet the needs of stu-
dents where they are, but they then must standardize testing. This reflects a broader
socio/political split between the idea of equality of opportunity, which has histori-
cally been a hallmark of American culture, and the idea of equality of condition.
And teachers who embrace the notion that they can and should modify their prac-
tices, assessments, and content to better align with students’ actual abilities and
experiences are concerned with the latter—what Lynch and Baker (2005) have
described as the equal enabling and empowerment of students.

Despite this, standardization has been embraced by school reformers and edu-
cational policy makers as a means of tracking the performance of and calculating
the accountability of American schools. This leaves the ethical educator with few
options. To counter the uniform application of these standards of knowledge to
students who have varying skills, experiences, and language abilities, some refuse
to give such tests, as a cluster of teachers in the city of Seattle, Washington did in
2013. Some have actively protested the test content and the standards aligned
with them, most recently a group of teachers, parents, and administrators in
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New York City. And the opt-out movement (where parents refuse, either formally
or informally, to have their children take standardized tests) is growing, and in the
state of Pennsylvania over the past two years, the percentage of student opt-outs
on science, math, and English has spiked; New York state has experienced a simi-
lar jump (Harris, 2015; McCorry, 2015). But still others have worked within the
standardization framework, to create test environments and test content that mini-
mizes that endless loop.

Situated Assessments Using Virtual Environments (SAVE) Science was a col-
laborative research project between researchers at University of Maryland, College
Park, Temple University, and Arizona State University focused on creating innova-
tive models for assessment of learning in middle grades science. One aim of the
SAVE Science project was to lessen the disconnect between test content and student
experience through the creation of a new kind of assessment tool for middle school
science students, where tests would be taken by navigating virtual game environ-
ments and students could use visual cues and inquiry skills to solve contextual prob-
lems. These assessments were proximal tests, directly linked to curricular concepts
but delivered in a new context, and they also incorporated test content derived from
distal measures—in this case, the statewide Pennsylvania System of School
Assessment (PSSA) tests (Geier et al., 2008). This chapter presents a critical theory
view of the importance of the SAVE Science project and what it brings to the dia-
logue around high stakes testing and differentiated instruction/learning.

2 Save Science

SAVE Science was funded by the National Science Foundation, and a goal of the
project was to create, implement, and evaluate computer-based assessment modules
for science content in grades 6—8. The modules were designed to enable students at
varying skill levels and language abilities to perform a series of problem-solving
tasks in virtual environments. Student activity in these virtual environments pro-
vided data to the researchers and to the participant teachers about how students
applied content knowledge related to classroom curricula. Using a database of stu-
dent interactions in a virtual environment, evolving patterns of scientific under-
standing among students were captured and analyzed. The alternative assessments
developed through SAVE Science addressed several of the conditions needed for
better science assessments, chief among them contextualization.

It has been shown that students have a difficult time applying their understand-
ings of science content and their own experiences to the decontextualized questions
found on multiple choice written tests, and the participant teachers in SAVE Science
had found this as well with many of their own students. One very basic example of
this (Fig. 10.1), taken from a recent PSSA test, was a question about fish and how
they may adapt for weedy areas in freshwater lakes—a question that urban students
may have to answer with no lived experience to draw from.
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Use the picture below to answer question 8.

* 8. How is this fish adapted for weedy areas in freshwater lakes?
A. The upper fin of the fish looks like waves of water.
B. Thelower fins of the fish look like the legs of a turtle.
C. The stripes of the fish look like plants in the water. *

D. The front of the fish looks like the surface of a rock.

Fig. 10.1 Sample PSSA question (Adapted from the PSSA)

SAVE Science test modules provided students with contextualized questions by
offering immersive virtual environments for students to explore. In one module, this
same PSSA question was accompanied by an active rendering of that specific type
of fish, swimming in its native habitat, so that students could observe the fish before
answering the question. Another example: a SAVE Science module aligned with
curricular content on measurements of pressure, temperature, and gas laws provided
students with an virtual environment where basketballs were played with by various
avatars at an indoor basketball gym and then were used on an outdoor basketball
court in cold weather. Students had to determine why the basketballs bounced dif-
ferently when inside or outside by gathering empirical data, analyzing that data, and
reporting back their hypothesis and evidence to the appropriate avatar within the
module. These activities were then followed by three standardized test items that
correlated with the high stakes test questions related to this same content.

Evidence centered design principles, as outlined by Mislevy (2011), were used in
the development of each of the SAVE Science modules. As the author noted, “the
development of a valid simulation-[virtual-] based assessment requires the expertise
from disparate domains come together to serve the assessment’s purpose (typically
including subject matter knowledge, software design, psychometrics, assessment
design, and pedagogical knowledge)” (Mislevy, p.2). In keeping with this perspec-
tive, the SAVE Science team comprised (1) an expert in science content, science
teaching, and assessment design for science content; (2) an expert in designing vir-
tual environments for assessment; and (3) a psychometrician. This team, along with
12 science teachers, four science education doctoral students, one science education
postdoctoral fellow, and one qualitative research specialist, designed assessment
modules for 7th and 8th grade content, plus two introductory modules. The two intro-
ductory modules were developed first: one familiarized students with the layouts and
types of interactions they could have with avatars within the virtual worlds used in
the modules, and the other familiarized students with the process of collecting data
in order to answer the assessment questions in the modules. And all module content
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and assessment questions covered age-appropriate science knowledge, ranging from
adaptation to gas laws to forces and vectors.

Working with two senior science teacher leaders from a large urban school dis-
trict, the team identified specific areas of middle grade science curriculum deter-
mined to be difficult to assess through the high stakes objective assessments (i.e.,
urban students typically answered them incorrectly). Evidence centered design
allowed the designers to create virtual contexts in which students could gather data
on a problem presented as urgent, but within contexts that had been recently taught
in the curriculum. The process of creating non-dislocating visual environments in
which to convey this problem was, however, trial and error.

The first introductory module developed by the design team was created with a
popular computer game in mind; it was set in the medieval era, on a sheep farm, and
the primary avatar was a white farmer (see Fig. 10.2) who was concerned about his
animals’ grazing habits.

After collecting feedback from participant teachers and students about this introduc-
tory module, the next module developed was the basketball module mentioned previ-
ously. This module was not only set in contemporary times, but also located in a city,
and the various avatars in that module were not only engaged in a familiar activity (see
Fig. 10.3) but also visually represented the diversity of an actual urban population.

Using Vygotsky’s (1978) zone of proximal development theory, the content in
each assessment module was designed to be just beyond the capabilities of the stu-
dents but close enough to not be too complex. The data gathered in each module
included a movement trace of every non-player avatar students encountered (e.g.,
bumped into for information), an account of the data gathered by each student’s use
of the science tools built into each module, and a 3-dimensional time-stamped map

Fig. 10.2 Sheep farm (adapted from SAVE)
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Fig. 10.3 Basketball court (Adapted from SAVE)

of each student’s movements within the virtual environment. In the end, students
answered both objective questions (based on original high stakes test items, but
modified for the specific context of the module) and open-ended explanations of the
data they had gathered. Students also had to rank the collected data in order of
importance and give a solution to the original problem/question posed.

The results were a rich set of data that could be used to determine whether the
student understood the question posed and collected data sufficiently to successfully
respond to the assessment questions at the end of the modules (Schifter, Natarajan,
Ketelhut, Carey, & Ryu, 2013 for additional detail). But analyzing these disparate
data was complex, and the entire data analysis itself involved reflection on several
levels. During one professional development session with SAVE Science teachers,
for example, a review of the collected data led directly to questions about exactly
how the researchers, and thus the teachers, should standardize and synthesize such
data. One case discussed related to the Basketball module. The collected data showed
that students who scored well on this module tended to follow a pattern of movement
within the virtual spaces (from inside, to outside, back to inside) while students who
did not score as well tended to move between these spaces more frequently.

What the researchers were looking for in the data analysis were correlations between
random variables in data sets; regarding student performance with these modules, they
were also looking for how patterns of interaction (collisions with others in the virtual
world that led to questions and information exchanges) correlated with correct answers.
In another module, the data showed that students who engaged in a specific set of col-
lisions answered a summary question correctly. And similar correlations were shown
between patterns of interaction and students answering specific questions incorrectly.
From the perspective of the teachers, however, a review of the data and correlations
still left much about these interactions and patterns of activity, and specifically what led
to students’ choices, unknown. The overall aim of the researchers was to develop
usable, flexible automatic techniques specific to the module content that would allow
teachers and researchers both to assess students’ abilities to perform scientific inquiry
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based on freeform answer content as well as their behaviors within each virtual world.
To that end, linear regression was used to analyze data. But student behaviors within
the virtual worlds were often anything but linear, so this was an ongoing aspect of the
data analysis discussions during the life of the project.

The data review by teachers also helped the researchers to hone in on questions
that were “questionable” as well. In one introductory module, an answer offered for
one question was that animals on the farm were “behaving in the way they do
because they are evil.” Several teachers noted that students would choose this
answer simply because it is humorous even though they would know it was incor-
rect. As one teacher said, when they are in the middle of taking a test, it’s hard for
students to “pass up the silly” as a means of easing test stress—which raised the
question of how this type of response plays into our understanding of assessment.
Discussions such as these helped the researchers continually refine the variables in
what Mislevy describes as the Conceptual Assessment Framework, the blueprint
from which all SAVE Science modules were developed (Mislevy, 2011).

Most teachers are also not taught data-driven decision-making using multiple
data points/sets, but typically use teacher-made tests or tests that are provided in a
textbook. Mislevy’s approach to evidence centered design suggests the more evi-
dence the teacher has, the better for understanding student progress toward learning
goals. To that end, the SAVE Science team developed a web-based dashboard which
provided data to teachers on student interactions within the modules (movement/
collision maps), as well as answer summaries. The dashboard provided teachers
with a wealth of data, and that data provided the teachers with insights and informa-
tion about the range and complexity of student inquiry behaviors.

As for the researchers, the data collected and analyzed from SAVE Science does
initially suggest that it is possible to identify those students who clearly understand
the science content in each module from those who clearly do not (Sil et al., 2012).
By using cluster and textual analysis methods, we continue to refine the analysis
toward a prediction model. Beyond the student data, the SAVE Science project
results also add to the growing literature on the efficacy of computer-based assess-
ments and provide a viable model for integrating assessment of content with scien-
tific inquiry, and the contextualization of science knowledge, in virtual environments
(Ketelhut et al., 2013).

3 Discussion

These efforts are one direct attempt to reduce the disconnection traditional stan-
dardized tests can cause among students, which is an issue that permeates education
in the accountability era. Today approximately 21 % of the public school population
in the USA is made up of English Language Learners (ELL) and only 3 % of these
students reached proficiency or above on the 2009 National Assessment of
Educational Progress (NAEP) reading assessment, as compared to 35 % of native
English speaking students (Lara-Alecio et al., 2012). One component of ELL
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students’ lack of proficiency on these tests is the “unnecessary linguistic complex-
ity” of test items they encounter on such tests (Abedi & Gandara, 2006, p. 39).
These students are directly disadvantaged by the test content they are required to
master, test content developed by native English speaking test developers, presented
out of context, and accompanied by minimal (if any) visual cues. Along those same
lines, No Child Left Behind (NCLB) legislation ushered in an era of testing “focus-
ing solely on student outcomes” as a means of improving schooling, but ELL stu-
dents “disproportionately attend high-poverty schools with limited resources, and
fewer schools offer bilingual education programs than did before the passage of
NCLB” (Menken, 2010, p. 127).

Recent research has shown that American urban school districts overall are suf-
fering the consequences of accountability systems based on test scores. It has been
shown that “academically disadvantaged students in large cities are currently being
left behind because the use of proficiency counts in NCLB does not provide strong
incentives for schools to direct more attention to them” and that a school “that views
AYP [the federally mandated Adequate Yearly Progress measure] as a binding con-
straint and also educates a significant number of students who have little hope of
reaching proficiency faces strong incentive to shift attention away from their lowest-
achieving students” (Neal & Schanzenbach, 2010, p. 280). Compounding this issue
is the fact that the AYP measure is intended to reflect a rising minimum threshold
for improvement, so that “schools that begin with low test scores, typically urban
schools with a high percentage of children living in poverty in the USA, can have
improving test score results, but because they do not rise above the minimum thresh-
old, remain classified as failing...[and] because NCLB requires that by 2014 essen-
tially all students need to pass every test, almost all the schools in the USA will be
found to be failing” (Hursh, 2013, p. 577).

This conundrum reveals the limitations of, if not the fallacy of, an uncritical reli-
ance on high stakes testing at the broadest levels. At the student level, research has
shown that learning through a type of digital gaming similar to that developed by
SAVE Science can be directly linked to learning outcomes, and that contextualized
information in game environments allows us to “measure [students’] growth across
time, and track different trajectories to mastery. It’s an incredibly threatening
moment for more traditional forms of assessment” (Herold, 2013, p. 577).

At the parent and teacher level, the movement to push back against overreliance
on standardized testing continues to grow, particularly in urban areas. In Philadelphia
for example, a test-in event was recently sponsored by the teacher’s union. At the
event, parents, teachers, students, and community members discussed the costs of
testing, the impact on the Philadelphia school district of accountability policies that
focus on testing, the impacts of standardized tests on various student populations,
and how communities across the country have resisted high stakes testing. Similar
events are being held in other states, as are student walkouts and test opt-outs (in
Ohio and New Mexico)—and the school district chief of Chicago just publically
explained that though she “personally and professionally believe[s] that to
administer PARCC [the Common Core standardized tests] this year is absolutely
not in the best interest of our students,” she must go ahead with the testing or risk
further funding cuts by the Illinois Board of Education (Strauss, 2015). And at the
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federal level, even though he is a proponent of Common Core standards, in early
2015 President Obama vetoed the initial No Child Left Behind 2015 reauthorization
proposed by the U.S. Senate. He cited the overreliance on testing (as the arbiter of
federal funding) as an undue constraint that prevents needed flexibility in educa-
tional planning at the state and local levels.

The SAVE Science project provided both critical positioning about such stan-
dardized tests, but more importantly, about differentiati