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Preface

The National Institute of Education, Nanyang Technological University of Singapore, is hosting the 12th
International Conference of the Learning Sciences (ICLS), 2016, from 20 to 24 June, 2016. The international and
interdisciplinary field of the Learning Sciences brings together researchers from the fields of cognitive science,
educational research, psychology, computer science, artificial intelligence, information sciences, anthropology,
sociology, neurosciences, and other fields to study learning in a wide variety of formal and informal contexts (see
www.isls.org). The field emerged in the late 1980s and early 1990s, with the first ICLS held in 1991 at
Northwestern University in Evanston, Illinois, USA. Subsequent meetings of ICLS were held again in Evanston,
USA (1996), Atlanta, GA, USA (1998), Ann Arbor, MI, USA (2000), Seattle, WA, USA (2002), Santa Monica,
CA, USA (2004), Bloomington, IN, USA (2006), Utrecht, the Netherlands (2008), Chicago, IL, USA (2010),
Sydney, NSW, Australia (2012), and Boulder, CO, USA (2014). ICLS 2016 is the first time that the conference
is being held in Asia.

Submissions for ICLS 2016 were received in November 2015, and then went through a process of peer review.
An impressive number of submissions were received (571). The paper review process was very competitive.
The overall acceptance rate for submissions was 37%. We accepted 65% of symposium submissions, 31%
of full papers, 34% of short papers, and 43% of posters. The program reflects broad geographic
representation, with contributions from 31 countries and regions. We are especially grateful to those who
performed reviews. 342 experts completed over 1,600 reviews of the submissions. As in recent years, for
each symposium, full paper and short paper, we assigned a senior reviewer who examined all reviews and
made a recommendation regarding acceptance in the category submitted, acceptance in an alternate
category, or rejection. These senior reviewers greatly helped us make the decisions for each submission.

The conference theme of ICLS 2016 is “Transforming Learning, Empowering Learners.” It directs our attention
to a key commitment of the Learning Sciences: providing an insightful understanding of how people learn. As
we trace the genesis of the Learning Sciences, we are reminded of the main goal of this field of research, that is,
to gain a deep understanding of the conditions and processes that lead to effective learning, and to use the
research findings to redesign learning environments to bring about deep learning. Learning Sciences is
concerned with transforming learning and empowering learners.

This long-standing commitment extends our research focus to the design of pedagogical interventions and learning
environments to foster among participants a kind of learning that is transformative and empowering. This requires
challenging established beliefs about learning, teaching, and the design of learning environments. The theme
“Transforming Learning, Empowering Learners” aims at reaffirming the key thrust of Learning Sciences
research, discussing advances in the field, and strategizing future directions to enhance our impact on
educational practice. ICLS 2016 aims to bring together learning scientists to adjudicate various academic
renditions of how people learn, and to institute further inquiry that encourages deep and probing examination of
the nexus of instruction and learning, as well as the roles of technology. To address the conference theme, we
articulated the following strands:

Deep learning in effective learning environments

The field of Learning Sciences is committed to advancing research for explaining how people learn and what
can be done to support deep learning. Towards these goals, different studies have examined learners’ prior
knowledge and preconceptions, knowledge representation, and knowledge construction. Research provides
insights into the underlying cognitive bases of problem-solving, knowledge construction, reasoning, reflection
and deep learning. Such understanding is necessary for designing effective learning environments needed to
transform and enhance learning. In continuing this tradition of the Learning Sciences, perspectives that
demonstrate scholarly depth on cognitive, social, psychological and/or cultural aspects of learning are valued.
Relevant topics include learning theories, pedagogies, individual and group learning, learner agency and
identity in learning, cognition and instruction, learning in all areas of the curriculum, conceptual change, and
scaffolding.

A number of studies in Learning Sciences have paid attention to technology use and its affordances for deep

learning. Computer-mediated learning remains key in Learning Sciences as research on new media, e-learning,
adaptive and intelligent systems continues to proliferate. The conference program includes work that contributes
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to the ongoing dialogues about the use of adaptive systems and intelligent tutoring in innovative learning
situations, computer-supported collaborative learning, use of computers for group and distributed cognition,
computational models of how people learn, use of computers for assessment in virtual classrooms, and scholarly
work on technology use to support learning communities. Sessions on emerging topics like MOOCs, big data, and
the relevance of neuroscience should also stimulate thought and debate about the future of the field.

By emphasizing a strand on deep learning in effective learning environments, we hope the community can assess
the extent to which educational institutions have shifted towards deep learning in their pedagogical approaches.
As a research community, we can question how well the Learning Sciences have contributed to educational
practice, and suggest what else can be done to design our social future of learning as we collectively expand our
vision of transforming learning.

Digital epistemologies and the situated nature of learning

One key research thrust in Learning Sciences is aimed at understanding the situated nature of learning in diverse
sociocultural practices. Empirical accounts of such work serve to extend our knowledge of how people learn by
informing us about how young people learn informally in out-of-school practices. Sociocultural studies on situated
cognition, the roles of context in cognition, collaborative discourse, self-directed learning in the online world, and
participatory culture in cyberspace are topics important to advancing the field of Learning Sciences.

A number of studies have emphasized how young people have challenged our understanding of what is learnt and
not learnt in schools, and how schools can appropriately respond to changing digital epistemologies. By digital
epistemologies, we are referring to ways of knowing embraced by participants in myriad digital literacy practices.
Young people’s digital epistemologies and learning in the new media age open vistas on a whole range of complex
issues. At this conference, we welcome debates on the roles of out-of-school literacies in school literacies and
studies that illuminate how formal and informal learning can be synergized. It is worth rethinking ways of knowing
in young people’s digital literacy practices, and we hope ICLS 2016 can create the opportunities for rich dialogues
that address issues of learner identities, new cultures of learning, and their implications to the design of learning
environments as we seek to understand more of how young people take ownership of their learning in and out of
school in their digital culture.

Teacher knowledge and professional development

To transform learning, we cannot ignore the critical roles played by teachers in enacting and innovating classroom
practices. Traditionally, off-site workshops or courses are linked to programs offered by institutions of higher
learning, often associated with the formal granting of a higher degree. While off-site learning experiences provide
teachers with opportunities to interact with researchers and explore ideas based on research findings, they are
often criticized for being too removed from authentic classroom contexts, thus lacking the transformative power
to change classroom practices. Some studies have been conducted on teachers’ development of pedagogical
content knowledge, and some on meta-strategic knowledge. A number of studies in the Learning Sciences have
focused on strategies for teacher professional development and learning, including the use of blogs, problem-
based learning, animated classroom stories, immersive virtual reality, and small group reflection. The conference
program includes research and discussion on new modes of teacher professional development and learning, and
ways to enhance knowledge sharing among teachers, including the investigation of mechanisms that enable
knowledge codification, validation, and dissemination of expert teacher knowledge. At ICLS 2016, we hope to
engage in dialogues on how Learning Sciences research can further our investigation of ways to bring about
changes in teacher beliefs—about epistemology, ontology, and practice—necessary to change classroom practices
on a sustainable basis.

Reflexive relations between methods and theories

To realize the goals of “Transforming Learning, Empowering Learners,” Learning Sciences researchers have
developed new research methodologies and methods. One distinctive example is the development of the design
experiment (or design research) methodology. At ICLS 2016, we welcome discussion and sharing of
advancements on design research. The design experiment has the distinctive feature of advancing theories that
can guide the design of learning activities. It involves theory-informed pedagogical interventions that are both
reflective and prospective in nature. It has the dual goal of evaluating how well the theory-informed intervention
works and generating ideas for further experiments. Many researchers have also engaged practitioners in the
process of design experiment, for example, by involving teachers in the design of classroom interventions. This
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method is an approach that can potentially lead to empowerment of practitioners while giving them voice and
agency in the research process. From another perspective, it is an approach to develop practitioners’ professional
learning.

We also welcome experimental studies that analyzed the processes and outcomes of learning in detail. We hope
the conference stimulates dialogues on the usefulness of big data and learning analytics. Several studies related to
learning analytics highlight evolving lines of inquiry that are of interest to the Learning Sciences, including use
of learning analytics for blended learning, learner assessment, new models of learning, and the roles of pedagogy
in learning analytics. Our purpose in foregrounding learning analytics in this conference is to instill greater interest
in studying how learning analytics can have a greater impact on educational practice, particularly in the area of
using technology for assessment.

In these proceedings volumes, you will find a wide variety of perspectives and research findings concerning the
above issues and questions, and we hope that you will have insightful and productive conversations during as well
as after the conference.

Finally, we express our deepest gratitude to the many people who made the conference possible: the organizing
committee, the advisory committee, the program committee, the co-chairs of workshops, doctoral student
consortium, early career and mid-career workshops, reviewers, sponsors, volunteers, staff, and all conference
presenters and participants. Your contributions make the learning sciences a thriving field, striving to transform
learning and empowering learners.

Program Committee Chairs
Chee-Kit Looi, Joseph Polman, Ulrike Cress, and Peter Reimann

Conference Chairs
Wenli Chen, Seng-Chee Tan, and Choon Lang Quek
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Abstract: Computation is reshaping modern science and mathematics practices, but relatively
few students have access to, or take, courses that adequately prepare them for the increasingly
technological nature of these fields. Further, students who do study computational topics tend
to not reflect the greater student body, with female and minority students being
disproportionately underrepresented. To address these issues, we investigate the approach of
embedding computational thinking content into required high school mathematics and science
coursework. Using data from a 3-year implementation, we present results showing differences
in attitudes towards computing by gender, while also finding similar gaps do not correlate with
aptitude. Using pre/post measures, we then show female participants expressed improved
confidence with computational thinking and interest in STEM careers. Additionally, we report
a dosage effect, where participating in more activities resulted in greater learning gains,
providing evidence in support of embedding computational thinking enhanced activities across
high school curriculum.

Keywords: computational thinking, high school mathematics and science, broadening participation

Introduction

Computation is changing the landscape of modern scientific and mathematical fields. Computational tools,
practices, and methods are reshaping the way mathematicians and scientists conduct their work. This is true in
research laboratories, in industry, and increasingly, in educational settings as well. Given the growing
computational presence across mathematics and science contexts, the question faced by educational institutions
is how to prepare learners for the increasingly computational nature of these disciplines. Our answer to this
question is to bring computation and computational thinking enhanced activities into existing mathematics and
science classrooms. As such, we have pursued a course of research working to integrate computational thinking
(CT) into high school mathematics and science contexts through the creation of CT enhanced curricula across
four primary STEM subject areas: biology, chemistry, physics and mathematics. Our conceptualization of CT as
it relates to mathematics and science takes the form of a taxonomy that delineates a series of specific practices
grouped into four, overarching categories: data practices, modeling and simulation practices, computational
problem solving practices, and systems thinking practices (Weintrop et al., 2016). In this paper, we provide data
showing the positive effects of distributing CT across the curriculum and across classrooms, as opposed to limiting
exposure to a single classroom or a single unit. These effects include improved attitudes towards, and confidence
in, computing as well as increased interest in pursuing careers in STEM disciplines. Additionally, based on data
from the final year of a three-year study, we report a dosage effect; showing that students who encountered more
CT enhanced activities performed better on posttests designed to measure learners’ CT abilities. Collectively,
these findings lend support to the effectiveness of embedding CT in existing mathematics and science classrooms
as an approach to improving attitudes towards the field, engaging diverse and historically underrepresented
populations in computing, and preparing students for the computational futures that await them regardless of the
professions they choose to pursue.

Practical motivation

A primary motivation for introducing CT practices into science and mathematics classrooms is in response to the
increasingly computational nature of the disciplines as they are practiced in the professional world (Education
Policy Committee, 2014; Foster, 2006; Malyn-Smith & Lee, 2012; Weintrop et al., 2016). Computation is now an
indispensable component of STEM disciplines (Henderson, Cortina, & Wing, 2007). This rise in importance of
CT and its constituent skills and practices has been recognized both by those creating standards for mathematics
and science classrooms (National Governors Association Center for Best Practices, Council of Chief State School
Officers, 2010; NGSS Lead States, 2013) as well as by computer science education organizations (ACM/IEEE-
CS Joint Task Force on Computing Curricula, 2013). Bringing computational tools and practices into mathematics
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and science classrooms gives learners a more realistic view of what STEM fields are and better prepares students
for STEM careers (Augustine, 2005; Gardner, 1983).

Preparing students for the modern STEM landscape is not the only reason to bring CT into STEM
classrooms. From a pedagogical perspective, the thoughtful use of computational tools and skillsets can deepen
learning of STEM content (Guzdial, 1994; National Research Council, 2011; Repenning, Webb, & loannidou,
2010; Sengupta et al., 2013; Wilensky, Brady, & Horn, 2014; Wilensky & Reisman, 2006). The reverse is also
true — namely, that science and mathematics provides a meaningful context (and set of problems) within which
CT can be applied (Hambrusch et al., 2009; Jona et al., 2014; Lin et al., 2009; Wilensky et al., 2014). This differs
markedly from teaching CT as part of a standalone course where the assignments tend to be divorced from real-
world problems and applications. This reciprocal relationship—using computation to enrich STEM learning and
using STEM to enrich computational learning—is at the heart of our motivation to bring CT and STEM together.

A third motivation for bringing CT into STEM classrooms is to reach the widest possible audience and
address the longstanding issues of underrepresentation of women and minorities in computational fields. Despite
numerous ongoing local, regional, and national campaigns targeting women and underrepresented minorities, the
numbers continue to drop in STEM (National Science Board, 2012) and computer science (Klawe and Levenson,
1995) enrollments. Among the reasons for these trends, researchers have identified a lack of interest and
confidence (Margolis, Fisher, & Miller, 2000), limited visibility of positive role models (Townsend, 2002), and
lack of positive experiences with both computer science and in STEM fields more broadly (AAUW, 1994;
Miliszewska, Barker, Henderson, & Sztendur, 2006). Currently, only a fraction of high school students have the
opportunity to take a computer science course due to a lack of qualified teachers, inadequate facilities, or a lack
of student interest. Embedding CT activities in STEM coursework directly addresses the issue of students self-
selecting into (or out of) computational learning experiences. It also avoids practical issues of fitting new classes
into overcrowded schedules and finding teachers to teach them. Collectively, these aspects of the relationship
between CT and STEM, paired with the ability to reach diverse audiences and work within existing educational
infrastructure, makes the embedded CT design a potentially powerful and effective approach to bring CT to
diverse learners.

Theoretical perspective
Efforts to incorporate computational thinking into high school curricula have been hampered by shifting and
underspecified definitions of what constitutes CT skills and practices. Our definition of CT is framed within two
core theoretical constructs: 1) Wilensky and Papert’s concept of restructuration (Wilensky & Papert, 2010) and
2) diSessa’s framework for computational literacy (diSessa, 2000). Wilensky and Papert’s work defines a
structuration as the knowledge content of a domain as a function of the representational infrastructure used to
express it. A restructuration is a shift in representational infrastructure in a domain, which inevitably changes the
practices in that domain and the ways we teach and learn the domain. For example, a major restructuration of
arithmetic took place around the turn of the first millennium with the shift from Roman to Hindu Arabic numerals.
The place value construct embedded in Hindu-Arabic numerals radically reshaped what was possible to do with
numbers and shifted, for example, multiplication and division, from an activity that only small number of highly
trained specialists were capable of, to a nearly universal practice. We believe that computational representations
are already beginning to have a major restructurational effect on STEM disciplines (e.g. Abelson & DiSessa, 1986;
Blikstein & Wilensky, 2009; Noss & Hoyles, 1996; Sengupta & Wilensky, 2009; Wilensky & Reisman, 2006)
and that through embedding CT practices in mathematics and science contexts we can prepare learners for this
shift.

diSessa notes that for a representational infrastructure to become universal it has to specialize to several
social niches. So for example, print literacy specializes to the niches of poetry and romance novels among many
others. Similarly, we see computational representations as specializing to a variety of niches, each with its own
conventions (in contrast to a single monolithic set of practices). The unifying theme amongst all our CT activities
is exploring the ways we can use computational representations to make significant shifts in the way students
learn, think and practice science and mathematics. Thus, we developed a taxonomy (Figure 1) to frame our work
that describes and organizes the various ‘niches’ of computational representations and practices in mathematics
and science disciplines (Weintrop et al., 2016). Through the taxonomy, we begin to identify commonalities and
patterns across these practices that we can then leverage to design educational activities to grow students’
proficiency in, and understanding of, these new computational representations in various STEM disciplines.
Building proficiency in these new forms of representations is what we mean by computational thinking in
mathematics and science.
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Figure 1. The computational thinking in mathematics and science practices taxonomy.

Methods and data sources

The data we present in this paper were collected as part of a larger, 3-year study investigating the effectiveness of
the embedded CT in mathematics and science strategy. Over the course of the project, 58 teachers attended
professional development workshops from 38 schools. The data we present are from 11 classrooms in a
Midwestern city that participated in the third year of the project. As part of the study, pre/post attitudinal and CT
skills assessments were administered along with classroom observations and teacher interviews. The attitudinal
surveys were modeled after other similar efforts to measure student attitudes in STEM and computer science
contexts (Adams et al., 2006; Dorn & Elliott Tew, 2015). The pre/post skills assessments were designed as part
of the larger project and were designed to assess students’ abilities to employ CT practices, as opposed to content
knowledge of a given scientific or mathematical domain (Weintrop et al., 2014). The assessment are hosted online
and ask students to use various computational tools (including interactive data visualizations, computational
models and simulations, and dynamic data management widgets) to answer open ended and multiple choice
questions relating to the four CT in mathematics and science categories shown in Figure 1.

A materials scientist wants to understand how heat transfers through a metal bar. She wrote this computer program to record

She attached four temperature sensors evenly along the length of the bar as shown SCHGEIMARE Fou Bwt ko (e Xerose
repeat forever:
valuel = readSensor(l)
value2 = readSensor(2)
value3d = readSensor(3)
print 1, valuel, time
print 2, value2, time

in the picture. She then applied a heat source to one end of the bar.

Temperature Sensor

Heat | 7 2 a | =
Source _6 & & él__, print 3, valued, time
pause 20 seconds
Computer
Item 6: Which of these output fragments
was generated by her program?

Figure 2. A sample multiple choice question from a CT skills assessments.

The CT-enhanced lesson plans that were taught as part of this study were designed by members of the
research team in collaboration with graduate students working in STEM fields as part of an educational outreach
program. The lessons were designed in conjunction with in-service mathematics and science teachers and later
taught in their high school classrooms. An important part of this outreach program is for graduate students to bring
their own research into high school classrooms, both showing high school students what cutting edge research
looks like and to bring diverse, practicing scientists into the classroom to confront the misconception that all
scientists are old, Caucasian men wearing lab coats. The graduate students and teachers who contributed lesson
plans were vetted through professional development training on what CT means in mathematics and scientific
contexts. Lessons were created for high school mathematics, biology, chemistry, and physics classes and included
subjects as diverse as US census data, radioactivity, black holes, and video games. Lessons usually lasted two or
three class periods and, when possible, used the same computational tools that the scientists themselves use in
their work. For example, one lesson plan called DNA sequencing had students study and apply the shotgun
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algorithm that was used to sequence the human genome, and then introduces them to BLAST, an online search
tool that scientists use to explore the conservation of, and differences in, DNA sequences of different organisms.
With this activity, we bring together scientific content, CT (in the form of algorithms and working with data), as
well as having students use modern computational tools, bringing authenticity to the activity. A longer description
of some of the activities in this study and how the incorporate CT can be found in (Weintrop et al, 2016).

The attitudinal data we present are drawn from surveys that were administered to students in participating
classrooms at the beginning and the end of the school year. A total of 704 attitudinal surveys were completed (475
pre and 229 post) with 49.7% of the surveys being filled out by female students. The survey primarily used a 5-
point Likert scale and asked students to respond to statements such as “I feel comfortable working with computers”
and “I am interested in pursuing a career in engineering.” For the CT skills assessment results, a total of 1,022
assessments were completed by 549 students during the 2013-2014 school year. In particular, as we are interested
in student trajectory over the course of the year, we focus on the 152 students who took both pre and post tests
along with additional assessments during the year, providing a timeline of students’ progress over the course of
the year.

Results

This section presents findings from both the attitudinal and CT skills assessments conducted as part of this study.
In the discussion that follows, we bring these two sets of findings together and reflect on the strategy of embedding
CT in mathematics and science that we are investigating.

Attitudinal outcomes
One of our motivations for embedding CT in STEM is to address issues of students self-selecting into or out of
elective computer science courses. As a result of our approach, all students enrolled in conventional science and
mathematics classes are exposed to CT, thus addressing issues of low numbers of female and minority students
taking computer science. Of the 549 students who took an assessment, 49% (271) self-identified as Hispanic, 37%
(203) as African American, 15% (83) as white, and 10% (53) as Asian. Of this same sample, 52% were male while
48% were female. These breakdowns are representative of the larger student populations of the schools where
these studies took place. The diversity of students taking our assessments and the equality with respect to the
gender of students provides evidence that the approach of bringing CT into STEM classes is an effective way to
introduce a broad and diverse set of students to CT.

Comparing the responses given on the pre survey between male and female students, we see disparities
that match those reported in other studies on gender and STEM and computer science fields (Dryburgh, 2000;
Stake & Nickens, 2005). Female students were significantly less interested in the STEM fields, felt CT was less
important, and reported being less comfortable with computers than their male counterparts. When asked about
interests in possible future professions, female students were significantly less interested in careers in
computational sciences, engineering, mathematics, and computer science. Finally, female students were less
confident in all 20 questions pertaining to CT in mathematics and scientific contexts. A portion of these results
can be seen in Table 1.

Table 1. Average responses given on a 5-point Likert scale for questions on the pre-attitudinal survey.

Statement Al;ge.sll:z:;?e I;ngi)l(\:;f T-Statistic
I think being a scientist is a possible career for me. 2.760 3.102 t(474) = 3.099, p <.002
I think being a mathematician is a possible career for me. 2.502 2911 t(474) = 3.717, p < .000
I am interested in a career in engineering 1.747 2,711 (474) = 10.96, p < .000
I am interested in a career in mathematics 1.755 2.077 t(474) = 3.617, p < .000
I am interested in a career in computer science 1.581 2.301 t(474) = 8.326, p < .000
Generally, I feel comfortable using computational tools. 3.297 3.610 t(474) = 3.850, p <.000
Generally, I feel comfortable working with computers. 3.799 4.130 (474) = 3.976, p < .000
I am used to using computational tools. 3.079 3.463 t(474) = 4.298, p <.000
I am interested in learning more about computers. 3.188 3.715 t(474) = 5.675, p <.000
Computational thinking comes naturally to me. 2913 3.260 t(474) = 4.739, p < .000
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At the end of the school year, the attitudinal survey was re-administered to see if students’ perceptions of and
attitudes towards CT changed after being exposed to our CT in STEM activities. Responses in the post-test show
significant gains on questions relating to interest in pursing careers in science t(349) =2.018, p <. 05, enjoyment
related to using computational tools for schoolwork t(439) = 2.905, p <.05 and the learning benefits of doing so
t(349)=2.531, p < .01. Most importantly, female students showed positive gains on 19 of the 20 questions
pertaining to confidence in CT in STEM questions. This shift highlights the effectiveness of CT learning
experiences situated within STEM for female students.

Skills assessment outcomes

A preliminary analysis of student responses shows no significant difference in performance between students
based on gender. Looking at the subset of responses to our General CT in STEM skills assessment set that can be
automatically scored, we see that the 161 females had an average score of 2.21 out of 5, while the 192 male
students had an average score of 2.27 out of 5, a difference that is not statistically significant t(352) = .377, p =
.706. This suggests at the outset of the year, there was no significant difference in CT aptitude by gender, which
is especially interesting when taken together with the findings from the previous section showing that confidence
differed significantly by gender.

When we look at how students perform on the post assessment compared to the pre assessment, we find
no significant difference in the scores. These results were unexpected based on expectations from studies showing
repeated encounters with learning technologies improving student comfort level and competencies (Delen &
Bulut, 2011) and based on teacher feedback on student engagement and content learning from the CT activities in
early pilot studies. As part of our program, we conduct post-implementation surveys, interviews and monitoring.
Upon closer analysis, we realized that many of the participating teachers had not taught the minimum three
required CT lessons in their courses that were expected as part of the program requirements and teaching
agreement. Instead, many teachers taught only a single CT-enhanced lesson in their classrooms. Given this fact,
it is less surprising that students did not have a lasting improvement over the course of the year from the single
encounter with the practices we were assessing. The silver lining of this situation is that it gave us the ability to
investigate the effects of repeated exposure to CT lessons. While the reasons for the lack of compliance varied
across teachers and partner schools, and included various justifications and roadblocks ranging from personal to
institutional, they served as a representative survey of challenges teachers face when incorporating computing
resources into classes that historically have not relied on such technologies.

As we are investigating a whole school model where students are exposed to CT in difference classes
and applied in multiple content areas, we are particularly interested in understanding how student who received
multiple exposures to CT lessons performed. To examine the possible benefits of multiple exposures to CT in
mathematics and science practices over the course of the school year, we look at student pre/post test gains broken
down by the number of CT enhanced lessons each student encountered. Table 2 shows the results of this analysis.
Students who were exposed to only a single CT event (1) regressed over the course of the year, showing no
improvement; while students who were exposed to two CT lessons over the course of the year showed a small
increase in their performance, but not at a significant level. In contrast to the first two categories, students who
participated in three CT events showed positive gains on our CT in mathematics and science assessments. These
findings suggest that the more CT enhanced lessons a student participated in, the larger the student gains between
the pretest and posttest.

Table 2: Average student score by number of assessment events taken before the posttest. “1 CT Event” indicates
that the student only took the pretest and the posttest with no other assessments.

1 CT Lesson (N =50) 2 CT Lessons (N =24) 3 CT Lessons (N=77)
Pretest 4.60 5.17 4.87
Posttest 3.78 5.21 5.12
Gain -0.82 0.04 0.25

To validate this preliminary analysis, we ran a 2-way ANOVA with sex and number of events as independent
variables. There was a significant main effect of event number with no interaction for posttest score (p = 0.000).
There was also a marginally significant main effect of event number for gain (pretest / posttest difference) (p =
0.066). Bonferroni post-hoc tests revealed that students with two or three events performed significantly better on
the posttest than students with one event (p < 0.07). However, for gains, only students with three events were
marginally significantly better than students with one event (p = 0.075).
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There are a number of potential explanations for this outcome. One possible way to explain this dosage
effect is a time-on-task outcome. Students who spent longer working on CT enhanced mathematics and science
activities performed better on the end-of-the-year post assessments. While this is a very plausible explanation and
we would be happy with this outcome, the data suggests that there is more going on than just exposure, as the one
and two CT event students show no significant gains. A second possible explanation is that the improved
performance is not only due to seeing the material more frequently, but also due to being exposed to varied
contexts in which the material is presented. For example, in a year-long physics course, learning and applying CT
practices in lessons about electricity, projectile motion, and conservation of energy, might better support learners
in developing deeper intuitions and a more flexible understanding of the widely applicable CT practices included
in the lessons. Taken a step further, by having students engage with CT practices across both mathematics and
science courses, and year-after-year, students’ computational thinking abilities may further improve. The analysis
of our 3" year of this study provides positive indications of these hypotheses and we are currently designing a
follow-up study that will give us the ability to more precisely study the impact of the embedded CT in mathematics
and science approach, with the goal of more clearly being able to attribute these learning gains to the synergy of
exposure across different STEM subject areas.

Discussion

With this work, we explore one possible strategy for introducing students to CT through the design of CT enhance
activities designed to fit within existing mathematics and science classrooms. This approach seeks to bring CT to
wide audiences while at the same time putting in-service teachers in positions to be successful by situating new
CT concepts alongside familiar content. To date, this approach has been successful on both of those two fronts.
As we show above, embedding CT in required classes enables us to reach all students, directly confronting issues
of students self selecting into (or out of) computing learning opportunities. At the same time, the reaction from
teachers to this project has been especially positive due to its timing in relation to the adoption of the Next
Generation Science Standards, which includes CT as one of eight central scientific practices.

One of the more important findings from this work is the replication of previous findings that show
females, on average, having lower confidence with respect to CT, paired with the finding that females show no
difference in aptitude. The fact that female students at the start of the year were less confident with respect to
computational practices as well as less interested in pursuing careers in computational fields speaks to the need to
devise low-barrier entry points into computational learning experiences. This underscores the importance of
bringing CT, and computational learning opportunities more broadly, into contexts where all students are present.
Our approach of integrating CT with mandatory coursework is one such approach that is yielding positive results
with respect to engaging all students in computational learning opportunities. Similarly, the results showing
female students have increased confidence with respect to CT and a growth in interest in various computing and
STEM careers shows this approach can be successful at cultivating a positive computational and scientific identity.

A second important outcome from this work is finding a dosage effect among students who had multiple
exposures to CT enhanced STEM activities. While this could potentially be explained as time-on-task finding (i.e.
students spending longer on a topic yield better results), we find the explanation that grounding CT learning
experiences in diverse contexts across mathematic and scientific fields to be more compelling. Teasing apart
exactly how much of the dosage effect gains can be accounted for by these two explanations is work we intend
on pursuing in the future. Computational thinking as a set of practices is not bound to a specific content area,
therefore, by having students employ these practices to various types of problems and in diverse content areas, we
can reinforce the broad applicability of these skills while both providing students concrete contexts to employ
them. This also provides opportunities for teachers to lead discussions and prompt for student reflection about the
relationships between CT practices and the contexts in which they can be applied. Encountering multiple CT
activities and repeated exposure to CT practices and tools not only reinforces the validity and broad utility of the
computational strategies used by modern STEM professionals, but also provides learners with opportunities to
become more comfortable and familiar with the tools themselves. Furthermore, our findings suggest that repeated
exposure to CT activities is an effective instructional strategy for reinforcing student computational problem
solving practices.

Bringing CT into high school classrooms not only provides an effective strategy for introducing diverse
populations of learners to important 21 century skills, it also shifts perceptions of what it means to participate in
modern mathematics and scientific endeavors. Showing that computation is not just a skillset reserved for those
who seek to pursue computer science gives learners a more accurate view of what it means to practice
contemporary mathematics and science. Furthermore, in showing the diverse applicability of both CT and
computational tools, we can begin to shift how students view computing and how and when computation can be
leveraged in pursuit of various goals. We are currently looking to extend the work we present here towards this
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goal by shifting from STEM to STEAM and looking at ways to bring computing into arts and humanities classes
in the same way we have brought it into mathematics and science contexts. In broadening our approach in this
direction, we seek to further demonstrate to students the diverse applicability of CT and show how professionals
across a very diverse set of fields utilize computing in their work.

Conclusion

As computational methodologies, tools, and practices continue to drive scientific and mathematical discovery, it
is becoming increasingly important for learners to understand how to interpret, and build on, findings that rely on
such technologies. This is important not only for those students interested in pursuing careers in mathematics or
scientific fields, but for all learners in order to participate in society as scientifically and mathematically, literate
citizens. Over the last three years, we have been pursuing an approach to introduce high school learners to these
critical computational thinking practices by designing CT enhanced lessons that fit within existing mathematics
and science curricula. With this work, we show that this approach is effective at reaching diverse audiences and
being easily adopted by in-service teachers. Further, we present data that reveals a dosage effect, showing that the
more CT in mathematics and science activities learners are exposed to, the better they perform on our CT practices
assessment. Our findings suggest that creating more activities, and finding more ways to enhance existing lesson
plans with computational thinking practices, will further improve learners CT in mathematics and science abilities.
Our hope is that through taking this approach, we can better prepare today’s students for the computational future
that await them.
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Making Sense of Making Waves: Co-constructing Knowledge and
Group Understanding Without Conceptual Convergence
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Abstract: In this paper we argue that collaborative learning doesn’t necessarily have to
culminate in convergent conceptual change in order to be a success—that divergent perspectives
can maintain tensions that are productive for learning even if they don’t get reconciled. We
analyze the individual perspectival understandings demonstrated by students during and after a
collaborative task, and argue that this lens provides mechanisms for showing how collaboration
can be productive even in the absence of convergence. We discuss some implications for
theories of group understanding, and designing face-to-face CSCL environments and activities.

Introduction
Computer-supported collaborative learning environments are becoming increasingly common in both formal and
informal educational contexts. In order to effectively design support student learning in these environments, we
must understand the interactional processes by which the group as a whole constructs knowledge, as well as how
engagement in these processes relates to individual learning. A significant theme in research on this relationship
is the interplay between divergence of ideas between individuals, and convergence of the group’s understanding
(Teasley et al. 2008; Roschelle, 1992). Students may develop divergent ideas, but due to the nature of the
collaborative task need to establish and maintain intersubjectivity (Suthers, 2006), a shared system of meaning
(Stahl, 2006), common ground (Clark & Brennan, 1991) or a joint conception of the problem (Teasley &
Roschelle, 1993) in order to make progress as a group. However, it’s not clear whether the divergences that lead
to efforts to maintain collective interpretations are breakdowns in local, shared systems of meaning related to the
tools and task at hand, or dissimilarities or disagreement in individual participants’ conceptual understandings of
their activity. Likewise, it is unclear to what extent we should expect individual conceptual understandings to
converge in collaboration, or to what extent convergence of conceptual understandings is beneficial either for
collaboration or for individual learning.

Convergence is often operationalized in terms of similarity between individual mental models (Chi, Siler
& Jeong, 2004) or representations of the problem (Roschelle, 1992), or sharedness as in knowledge agreed upon
or held in common by participants (Jeong and Chi, 2007). In addition to being an outcome, convergence can be
also thought of as a process of moving toward increasing similarity or sharedness of individual knowledge. An
understanding of the role of convergence in relating individual to group-level learning during collaboration has
theoretical as well as practical importance—in particular, notions of social or group cognition often rely on these
same concepts of similarity or sharedness of meaning, knowledge or understandings of individuals. Without some
degree of similarity or sharedness of individual understandings, is it still sensible to say a group understands?
And for the practical project of designing effective collaborative learning environments, should we include
features designed particularly to promote conceptual convergence (and what might these look like)? The aim of
this paper is to trace the individual conceptual understandings evidenced in collaborative discourse, and to ask in
what ways they may converge or diverge in interaction as students co-construct knowledge. We focus on
conceptual discussion during and after a shared task in which a group is asked to produce conceptual explanations.

Theoretical framework

As we are interested in the development of individual conceptual understandings in collaboration, we want a way
of characterizing individual conceptual understandings and differences between them, as well as a mechanism for
how these evolve in interaction. Greeno and van de Sande (2007) posit that all understandings are perspectival.
They define a perspectival understanding to be “a cognitive arrangement of entities and some of their properties,
organized in relation to each other, with a point of view” (p. 14). Such a conceptual organization may foreground
some elements or relations as more important than others. Learning, in this view, is an increased skill in
constructing perspectival understandings. A perspective can be constructed by applying a previously learned
organizing schema—and if no schema exits, one is constructed through a process of “constraint satisfaction,”
where the constraints on the use of concepts in constructing perspectives define the conception. One aspect of
learning then is becoming attuned to the constraints and affordances of particular concepts for constructing
appropriate perspectives.
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Van de Sande and Greeno (2012) argue that this conceptual organization is a component of the
participants’ broader framing of their activity. They identify three types of framing: positional framing describes
the individuals’ understandings of each other in relation to their activity; epistemological framing refers to their
understanding of what sorts of knowledge or information are valuable or relevant to their task; conceptual framing
describes the participants’ perspectival organizations of information. Sufficiently aligned framings are thought to
be a prerequisite for developing mutual understanding. They propose a process of constructive listening, in which
a source communicates some information relating to constructing a framing, and Jisteners attempt to construct the
framing communicated by the speaker. When doing so, the listeners attend to whether the perspective offered
satisfies constraints of the concepts being organized. The listeners may adopt the new perspective or modify their
existing perspectives to more closely align with the speaker’s. In this way, perspectives of individuals can align
over time.

Methods

Context and setting

The PHoTOnICs project at UC Davis is a design-based research project with the aim of investigating these social
and individual intersections of science learning through design of novel collaborative activities for technology-
enhanced, group-based Physics classrooms. Our research setting is a “studio physics” course at UC Davis which
aims to keep students engaged in high-level conceptual reasoning. Two aspects of the course serve that goal: small
group work for 5 hours/week, and material organized around a small set of physics models. Our project aims to
investigate the relationship between the social and technical setting to the development of understandings of those
central conceptual physics models. The design presented in this paper focuses on the “mechanical wave” model
introduced in the first week of the course.

Learning environment design

The learning environment presented here is designed to support groups of undergraduate physics students in
making sense of the physics of mechanical waves. Our design is intended to encourage student interactions around
concepts related to mechanical waves and wave motion-- specifically, the concepts of phase, relative phase and
phase intervals, and how these relate to observable aspects of wave phenomena such as wavelength and wave
direction. Our approach is to design a collaborative “wave-building” task, in which students must coordinate the
phases of individually-controlled oscillators to together produce a travelling wave. Performing this coordination
will likely require students to collectively take up and make use of these important concepts.

Technology
Each student is given an iPad Air running an interactive simulation of many independent mass-spring oscillators

set at equal intervals along the horizontal axis. The oscillators’ vertical motion is animated on each iPad when the
student pushes a “play” button; the oscillators are returned to their initial positions when the student stops the
simulation with a “pause” button. The initial phase of each oscillator, and thus its initial position and direction,
can be adjusted using an interactive “unit circle” tool. When used in the networked mode, each iPad connects to
a local server that assigns each student in a group control over a subset of the oscillators. When one student makes
changes to the position or direction of one of his or her oscillators, the app messages the server, which then
communicates those changes to the rest of the group. When each student reruns the simulation on her own device,
the initial oscillator positions are updated. When the students set the initial phases of the oscillators at regular
intervals, the oscillators will together form a travelling wave, the wavelength depending on the phase interval
between adjacent oscillators, and the direction of the wave determined by whether the phases are increasing or
decreasing as you move along x-axis.

Analysis

Episode selection

Students were given worksheets with task directions. The task progression was to: use the app to 1) build a wave
with a wavelength of 16 units, 2) build a wave with a wavelength of § units, and 3) build a wave with a wavelength
of 8 units, but moving in the opposite direction. At intervals the researcher approached the group and a series of
conceptual questions—how they built their wave, how they knew what direction it was going, and how they would
modify their strategy to reverse their wave direction. Our analysis focuses on conceptual talk after the students
have completed their first wave-building task. The researcher asks the group questions about how they built their
wave (to explain their strategy), about the wave they had built (how they knew what direction the wave was going
in), and then lastly, how they would modify their strategy to build a wave going in the opposite direction.
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Analytic approach

The goals of our analysis are to uncover the ways in which students evidence their own perspectival
understandings. As such enactments involve verbal utterances, gesture, body language, gaze and interactions with
materials, we employed interaction analysis (Jordan & Henderson, 1995), in which repeat viewings of the selected
episode allowed us to make sense of the interaction at both the “macro” and “micro” interactional levels. We first
transcribed the episode fully, additionally annotating hand movements used in communication. Within the video
segment and using the transcript, we then identified for further analysis three episodes in which students work to
construct a perspective appropriate for a given task.

Results

Episode 1: How did you build your wave?

The group’s first attempt to build a wave was to set each point to be at either a maximum or minimum. When they
saw the resulting wave they decided to set their points “high, middle, low.” Their “middle” points had to be set to
be moving in the right direction, and one student, Bryan, did this coordinating work, telling each student in turn
which position and direction to set. The class TA interrupted this work, and gave them instructions to build a wave
with a wavelength of 16 units. He explained that they should “divide up the unit circle into 16,” writing an
expression on the group’s chalkboard “2*Pi*x/16” as justification. When they were (almost) done building their
16-unit wave, the first author approached the group:

Lisa: So, how did you make this? What was your strategy for making this?
Corrina: Uh, step by step,

Bryan: We used that equation <<points at board>>.

Corrina: <<points at board>> you had to divide the unit

circle up like into <<motions around unit circle>> [inaudible]

Bryan: We divided it into sixteen... and then realized that there’s way more than
sixteen columns.

Lisa asks the students what their strategy was for making the wave. B and C respond in turns, each
pointing at the equation on the board, and indicating that they had divided up the unit circle. It thus appears that
they share a perspective on their strategy, as offered by their TA, that foregrounds the formula written on the
board, and its relation to “dividing up” the unit circle. However, C’s “step by step” and her subsequent gesture
around the unit circle suggest that she views their strategy as setting points in a progression around the unit circle.
B, on the other hand, seems to instead foreground the number of divisions of the unit circle (and continues to
throughout later episodes). Lisa leaves the table and the group finishes setting the last few points of their wave.

Soon after, C asks to the group, “So in the equation... what would these points be?” In attempting to
make sense of what the group has done, C is suggesting a perspective foregrounding the wave equation, and
asking to locate the points along the unit circle from within that perspective. It is likely that such a mathematical
perspective is favored as normative in the students’ epistemological framing of their activity, possibly because
they had been exposed to this equation in the lecture preceding the discussion section. D then suggests that the
points are the “phase shift.” C clarifies which part of the equation she means— the total phase, or the phase
constant. When D repeats that it is the “shift,” C asks whether she means “the little phi,” (the standard symbolic
representation of “phase constant”) and D affirms. C and D identify the points the group had laid out around the
unit circle with a concept represented in the wave equation, and referred to alternatively as “phase shift,” “phase
constant” and “the little phi.”

Episode 2: How do you know the wave is moving left?

Lisa then asks the students which direction their wave was moving (it was toward the left), and then to explain
more precisely how they were able to determine that. A satisfactory explanation requires constructing a
perspectival organization of concepts that allows information about one concept to imply information about wave
direction. The students struggle here, at first, to construct such a perspective. C first attempts to construct a
perspective foregrounding the motion of the body of the wave. B’s next utterance (“Well I would just describe it
as like the phase shift... between... dammit, I don’t know.”) is an effort to construct a perspective foregrounding
both concepts of “phase shift” and “wave direction,” but which fails as he could not find either a direct relation
between the two, or a set of additional concepts that would allow him to relate the two indirectly. F then introduces
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a perspective foregrounding the wave equation written on the board, particularly a sign in the wave equation, and
a deterministic relationship between it and wave direction:

Frankie: So if it’s traveling to the left it would be a positive phase shift <<drawing a
plus sign in the air followed by a squiggly “term”>>, and if it’s traveling
towards the right it would be a minus <<motion left to right, as in drawing a
minus sign>>

Corrina: Yeah.

Bryan: I don’t know, I would say in layman’s terms is the reason why it’s traveling
to the left is because the dot to the right ... for every dot, the dot to the right
dictates what its next motion will be. ‘Cause it... when the dot to the right
travels up, then the dot to the left also starts traveling up. And when the dot
to the right travels down the dot to the left also starts going down. Which
indicates that like for each dot like if you were looking at each dot as the
beginning of the wave, then that dot would be the source. Cause whatever
motion it does, the dot next to it also starts to do that after that. So I guess in
like non-scientific terms, I’d say that. Maybe. I don’t know.

As evidenced by his gestures, F uses the phrase “phase shift” here as a reference to the term immediately
following the sign in the equation-- this is not the “phase shift” they had earlier referred to as “the little phi.” C
agrees with F, which we interpret as an agreement that the perspective being offered is valid or useful. However,
B doesn’t respond to F’s perspective, and instead offers an alternate conceptual framing foregrounding the
motions, and the relationship between the motions of, adjacent oscillators. He suggests that wave direction is
determined by the relative motion between neighboring oscillators— whether the right or left dot “follows” the
other’s motion in time.

Both of the perspectives offered by B and F relate different sets of concepts to the concept of “wave
direction.” B’s perspective connected on-screen elements and behavior (oscillator position, direction, and the
spatial and temporal relationships between them), while F’s perspective connected the sign in the equation written
on the board directly to wave direction. Both perspectives are valid in that they position wave direction in relation
to some set of concepts in a way that allows wave direction to be determined by knowledge of the other concepts—
knowledge of the sign in the wave equation, or the relative motions of neighboring oscillators, would both translate
into knowledge of wave direction. Yet at this point, the conversation ended and switched to something off-topic.
Our interpretation of this was that the students had difficulty in deciding on an appropriate perspective, as the two
suggested were both sufficient for their activity of explaining wave direction, yet were very different and not
obviously compatible. After the off-topic conversation, E reminds everyone that he still doesn’t know how to
explain how they know their wave is moving left:

Ernest: I don’t get... I still don’t get how you tell, like, what direction it’s going/...

Bryan: OK, you said something about the phase shift... you should talk about that,
because I’'m not sure what you mean by that. Are you talking about like the
little phi?

Frankie: I was talking about like the actual equation... how it’s like a plus... like
before the actual phase shift it’s either a plus or minus? <<Pointing at
chalkboard>>

Bryan: [[ B responds that the phase term is only about where the wave starts (the

initial phase), demonstrating on the board the difference between a wave
with an initial phase constant of +Pi/2 and -Pi/2.]]

Ernest: I thought that was just how it shifted. Like <<gestures “grabbing” a wave
and shifting it sideways>>.

Their activity returns here to constructing a perspective appropriate for figuring out “how you tell... what
direction it’s going.” In asking F to re-explain his “phase shift” idea, B positions F as a source, and then asks him
if he’s talking about “the little phi” term in the wave equation (which they had referred to as “phase shift” in
Episode One). F responds using the phrase “actual phase shift,” suggesting that the “little phi” was not the “phase
shift” he was referring to, and describes the “actual” phase shift as immediately following a “plus or minus.” It is
not clear whether the other students are aware of this possible breakdown in shared meaning.

ICLS 2016 Proceedings 716 © ISLS



When F presents his perspective that the positive/negative sign before the “actual phase shift” in the
wave equation determines wave direction, B responds that the term is “only about where the wave starts.” He
goes to the chalkboard, demonstrating on the board the difference between a wave with an initial phase constant
of +Pi/2 and -Pi/2. E adds that the term is only about how much the wave is shified, gesturing “grabbing a wave”
and translating it in one direction by a discrete amount. In expressing this in response to F’s perspectives, B and
E are introducing a new constraint of the conception of “phase shift,” such that “phase shift” is insufficient to
relate wave direction to a term in the equation, because “phase shift” identified in the equation determines wave
starting position, but not direction.

Episode 3: How do you reverse wave direction?

A whole-class discussion, led by the TA, interrupted their conversation. The TA ended the discussion with
instructions for each group to reverse their wave’s direction. After an unsuccessful first attempt, B then introduced
a strategy in which each oscillator should be set to either “follow” or “precede” the oscillator to its right or left,
depending on the wave direction. This appears to be a re-application of a schema, previously constructed by B to
explain wave direction in Episode 2, to the new problem of reversing wave direction. E responds to this
perspective with “I see what you mean,” suggesting that B had indeed been positioned as a source, and that E was
listening constructively and understood the proposed perspective. E continues, “... but I don’t know how to
explain that using that formula,” suggesting a reframing of their wave-building activity foregrounding the formula
written by the TA-- possibly because E’s epistemological framing of the activity gives preference to a conceptual
organization of mathematical constructs. B then suggests that the formula is “just for figuring out how many
segments we need for the wavelength to work,” consistent with his initial foregrounding of the division of the unit
circle into “segments.”

They then build their wave, this time with a wavelength of 8. B does the coordinating work, addressing
each person in turn, and telling them which direction their oscillator should be traveling. He says things like “OK,
yours needs to be going up.” Meanwhile, E chimed in with instructions such as “in the middle... fourth quadrant.”
So again in communicating instructions, B is foregrounding oscillator motions, while E foregrounds the location
of the dot on the unit circle representation. Lisa approaches the group again to ask them how they reversed their
wave direction:

Ernest: I don’t know how to do that in terms of the formula <<pointing at
board>>... we just made it so that each one went to the like... I don’t know
how you described it <<gesturing at B>>... we just used the unit circle.
<<Gestures smoothly around unit circle>>

Researcher: OK. So what was different between this time and the last time that you did
it? What did you change?
Bryan: Um. The way that I was thinking about it for this... basically in the old one

when it’s going to the left, if we think of each dot as the source, the dot to
the right dictates what the dot to the left is going to do. So we just switched
it so that the dot on the left is going to dictate what the dot on the right is
going to do.

Researcher: OK. And then how did that come out in the strategy that you guys used
when you actually built the wave? Like, how did you... what was your—
what was your procedure for building the wave?

Ernest: So we had like the red dot set at zero, then we told the person after to set
theirs up at like... at like, before <<gesturing at neighboring points around
unit circle>>

Bryan: We just had to be mindful of which quadrant we were in for the direction.
So just make sure if this one’s heading down, this one has to follow that
one, this one has to follow that one... <<gesturing on wave body, at
individual oscillators>>

Again, E expresses concern that the strategy is not framed in terms of “the formula.” E is aware of B’s
different perspective, and understood it, but did not adopt it himself—instead, he applies a perspective
foregrounding the progression of points around the unit circle. B then presents his “source perspective,” and so
sees their strategy as setting positions and directions of the oscillators to follow one another in space. E, on the
other hand, sees their strategy more closely tied to being before/after on the unit circle. E and B have different
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perspectives, E’s foregrounding the unit circle and B’s foregrounding the individual oscillator motions relative to
one another.

After some discussion of how they changed their wavelength from 16 to 8, Lisa asks the group again
how they knew their original wave was going left. E responds that “it just looked like it” and B with “it was just
the source thing.” These different perspectives have different affordances for making conceptual connections to
wave direction—while E’s unit circle-based perspective didn’t yet allow him to explain wave direction, B’s did.
Lisa shows them an interface element designed to connect relative motions on the unit circle to relative motions
in space, suggesting to them a reframing that would foreground the relative oscillator motions on the unit circle.
C then attempts to construct a perspective connecting the motion of two adjacent dots on the unit circle to wave
direction, as well as the sign in the equation:

Corrina: So we made it shifting to the right right now <<gestures at wave body>>...
and these two dots are moving <<gesture on unit circle>>... Wait, But
that’s weird, because when you put the plus or minus <<points at wave
equation on board>>, minus means it’s moving to the right, right?

Bryan: Are you talking about the phase shift thing again?

Corrina: Yeah, [ was going to say...

Brian: This <<pointing to the sign in the wave equation>> has nothing to do with
direction. At all. That is just about the shift.

Corrina: But it has to do with the shift in the... <<gesturing on unit circle>>

Ernest: But it has to do with the whole graph shifting left to right <<gesturing

“grabbing” a wavelength and shifting it to the right by a discrete amount>>

But B again responds with the constraint that the sign has “nothing to do with direction” but is just “about
the shift.” C responds by suggesting a reframing in which “shift” should be interpreted as a shift represented on
the unit circle, between neighboring oscillators. E agrees with B again, elaborating that “it has to do with the
whole graph shifting left to right.” So again their difficulties in incorporating the concept of “phase shift” to
connect the equation to wave direction are due to a constraint that “phase shift” should be represented graphically
as a discrete shift. B then attempts to construct a perspective still foregrounding his concept of “following,” but
this time also foregrounding relative motions on the unit circle:

Bryan: If we just switched, on the unit circle, if we just switched the yellow and
blue dots, so that the blue was following the yellow, does that change
the direction? Or does that just change...

Corrina: I think that changes direction...

[[They try it, and see that it works.]]
Bryan: But what did we do? Like, how do you explain that, we just switched the

dots on the unit circle.

Ernest: How do you explain that mathematically? I have no idea. Let’s just ask.

B re-interprets “following” by foregrounding its representation on the unit circle, and applies this new
framing to the problem of reversing their wave direction with a new “switching dots” strategy. They see that this
strategy works, but agree that it isn’t well justified (“how do you explain that?”’). E elaborates that it should be
explained mathematically. After a couple minutes of waiting, B walked to the group’s chalkboard and wrote out,
separately, two independent terms of the wave equation: the “x term” and the “t term.” Looking to his group
members for agreement, he began to try to “map” the terms in the equation to elements of the wave simulation
(ex: “x is just which segment, right?””). With help primarily from E, he then began to write out a sequence of
phases corresponding to the phases of their wave’s oscillators, going left to right. After writing a few phases in
the sequence, D interrupted him to complete and correct B’s written equation, dictating the correct form to him
carefully. They then decided that the (now correctly placed) plus/minus term “maps” to wave direction (“and [[the
sign]] changes the direction?””), and appear to arrive at a consensus (“alright, we’ll go with that then.”). Lisa
returned to ask the students again what they did to reverse their wave direction:

Bryan: We said plus or minus in the second part of the equation... to change it.
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Researcher: So what does that mean physically... or what does that mean in the app?

Corrina: <<gestures direction around unit circle>>
Bryan: The only thing I can think of is the source thing.
Ernest: Changing direction around the unit circle <<gesture toward C>>.

Bryan tells Lisa “we said plus or minus in that second part of the equation... to change it.” His inclusion
of “in that second part” suggests that the group had indeed clarified which term in the equation the sign preceded.
Though they appear to have agreed on this perspective (“we said”), when Lisa asked “so what does that mean
physically, or what does that mean in the app?” the students again evidenced distinct perspectives in their
responses. B responded that the only thing he could think of was “the source thing,” while C gestured the direction
around the unit circle, and E also said “changing the direction around the unit circle,” gesturing toward C. This
last connection—that reversing the progression around the unit circle would reverse the wave direction—was a
conceptual development that had not been shared at the group level. Likely because C and E had consistently held
perspectives foregrounding progressions around the unit circle, they were able to make this connection between
the sign in the wave equation and reversing the direction of this progression. However, it appears that because B
never saw their strategy as setting a progression around the unit circle, but saw their interactions with the unit
circle as simply in service of setting motions of oscillators to be following/preceding one another, he was unable
to make the connection between the mathematical meaning of the plus/minus sign in the wave equation, and the
wave-building strategy as he understood it.

Discussion

Across the episodes, the students’ main activity is to together construct perspectives appropriate for each particular
task or prompt: building a wave and then reversing its direction, or explaining how their strategies had worked.
The perspectives were constructed collaboratively—by being positioned as a source, each person would suggest
a new perspective, and the listeners would respond with suggestions for re-framings or by introducing limitations
of conceptions that might constrain their use of the perspective offered. The group’s final explanation in Episode
3, that “switching the sign in the equation... to change it,” was uttered by Bryan, but was first introduced by F
and further motivated by pushes by individual students (particularly E and F) for a mathematical framing; D
contributed information about the correct representational form of the equation (and correct placement of the
sign); B and E performed the apparent justification for this explanation together by “mapping” equation terms and
variables to elements of the simulation. Thus this “final product” should be thought of as knowledge that was
jointly produced and justified by the group.

Although the activity ended when they had agreed on this “flipping the sign” explanation, the students
did not appear to have either shared or similar understandings of this explanation. Instead, the students maintained
distinct, personal perspectives which foregrounded different concepts and representations. Bryan, for example,
maintained (or would readily reapply) his “source” perspective to new tasks or explanations. While Bryan thus
foregrounded relative oscillator motions in space, C’s and E’s perspectives foregrounded the unit circle
representation—and in particular, the progression of points around the unit circle. Because of this, E and C were
ultimately able to interpret reversing the sign in the equation as reversing the direction of this progression.

In addition to asking whether the students understood the knowledge they had co-constructed similarly,
we can also ask if students appeared to learn the same things. What increase in perspectival skill was demonstrated
by the students? The students evidenced an increased attunement to the constraints of concepts (for example,
constraints of the concept of “phase” for constructing perspectives to explain wave direction), as well as an
increased familiarity with the representations of that concept (graphically, mathematically, or on the unit circle).
These aspects of conceptual development were interrelated—it was only after the correct form of the equation
was determined that the students dropped the constraint that “phase shift” should be represented as a discrete
graphical shift. However, B’s increase in skill in constructing perspectives was strongly tied to his repeated
application of his “source” schema. E, on the other hand, did not readily apply this schema himself, instead
increasing skill in constructing perspectives which foregrounded the unit circle representation.

The students’ distinct framings were productive, driving the group to come up with a mathematical
framing that would explain wave direction, as well as why B’s “source” strategy had worked. It is worth noting
that a mathematical explanation was not required or even suggested by the task prompt—it is likely only due to
the students’ epistemological framings that a mathematical understanding would be preferred. This ultimately led
them to attempt to coordinate the wave equation with the phases of individual oscillators along their wave. B’s
foregrounding of relative motion, and C’s foregrounding of the unit circle, coupled with this epistemological
framing likely led to C’s to attempt in Episode Three to construct a perspective foregrounding the wave equation,
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unit circle, and relative oscillator motions all together. While conceptually very difficult, relating and coordinating
those various concepts is at the core of a deep understanding of the physics of mechanical waves.

Conclusion and implications
As ours is a design-based research project, we intend for the implications of our analysis to be both theoretical
and practical. As the students’ differences in perspectives and framings provided opportunities for deep conceptual
learning, we consider purposefully supporting divergent ways of thinking, and then sense-making across them.
This might be accomplished by giving the students slightly different views of their shared wave—making some
representations available (or more prominent) to some students, and a separate set to others. In this way, the
technology itself may suggest to students which elements and representations might be foregrounded in their
perspectives. A diverse set of foregrounded concepts may, as happened in Episode 3, lead the students to work
out the relations between and coordinate the relevant concepts and representations. It is possible that in our current
design environment the tasks posed to the students—to construct primarily verbal explanations—did not
sufficiently demand coordination between these different representations of concepts. A task in which students
were asked to embody these conceptual understandings in a shared artifact may require more agreement about, in
particular, which representations of concepts should be foregrounded in the group perspective.

Our analysis also speaks back to some central theoretical topics of research in collaborative learning.
The main theoretical implication of this work is that we need not focus on convergence, sharedness or similarity
of individual understandings as an indicator of good collaboration—or even as a desired outcome. Instead, we
find that divergent perspectives can maintain tensions that are productive for learning even if they are not
ultimately reconciled. Further, we suggest that conceptions of group learning need not rely on similarity, overlap
or agreement between individual conceptual understandings. Instead, we may take learning, at either level, to be
an increase in skill in constructing perspectives. The individuals in a group may develop and apply different
perspectives, and may increase skill in doing so in different ways. At the same time, the group as a whole also
can increase in skill in constructing perspectives, but the process by which it does so is a social process involving
positioning and constructive listening, which organizes and evolves the group perspective under influence of the
distinct individual perspectival understandings and framings. This points to a way of conceptualizing “group
understanding” without relying the on the similarity, sharedness, or convergence of individual understandings.

References

Clark, H. H., & Brennan, S. E. (1991). Grounding in communication. Perspectives on socially shared
cognition, 13(1991), 127-149.

Greeno, J. G., & van de Sande, C. (2007). Perspectival understanding of conceptions and conceptual growth in
interaction. Educational Psychologist,42(1), 9-23.

Jeong, H. & Chi, M.T.H. (2007). Knowledge convergence during collaborative learning. Instructional Science,
35, 287-315.

Jordan, B., & Henderson, A. (1995). Interaction analysis: Foundations and practice. The Journal of the Learning
Sciences, 4(1), 39-103.

Roschelle, J. (1992). Learning by collaborating: Convergent conceptual change. Journal of the Learning Sciences,
2,235-276.

Stahl, G. (2006). Group cognition: Computer support for building collaborative knowledge (pp. 451-473).
Cambridge, MA: Mit Press.

Suthers, D. D. (2006). Technology affordances for intersubjective meaning making: A research agenda for
CSCL. International Journal of Computer-Supported Collaborative Learning, 1(3), 315-337.

Teasley, S. D., & Roschelle, J. (1993). Constructing a joint problem space: The computer as a tool for sharing
knowledge. In S. P. Lajoie & S. D. Derry (Eds.), Computers as Cognitive Tools (pp. 229-258).
Hillsdale, NJ: Erlbaum.

Teasley, S. D., Fischer, F., Weinberger, A., Stegmann, K., Dillenbourg, P., Kapur, M., & Chi, M. (2008, June).
Cognitive convergence in collaborative learning. In Proceedings of the 8th international conference on
International conference for the learning sciences-Volume 3 (pp. 360-367). International Society of the
Learning Sciences.

van de Sande, C. C., & Greeno, J. G. (2012). Achieving alignment of perspectival framings in problem-solving
discourse. Journal of the Learning Sciences, 21(1), 1-44.

Acknowledgments
This material is based upon work supported by the National Science Foundation under Grant No. 1252508.

ICLS 2016 Proceedings 720 © ISLS



Students Using Graphs to Understand the Process of Cancer
Treatment

Irina Uk, New York University, iu265@nyu.edu
Camillia Matuk, New York University, cmatuk@nyu.edu
Marcia C. Linn, University of California, Berkeley, mclinn@berkeley.edu

Abstract: Scientists rely on graphs to make predictions, interpret data, and articulate arguments
about the phenomena they investigate. Yet, students’ initial formal experiences with graphs are
limited, and often restricted to their mathematics classes. We describe how we integrated graphs
into a middle school science inquiry unit on cell biology. We report on findings from a
classroom implementation with 30 middle school students. We describe students’ learning gains
and characterize the kinds of graphs they generate in terms of the graphical and scientific
understanding demonstrated. This study contributes an example of how curriculum can be
designed to simultaneously support students’ science and graph understanding. It also
demonstrates how graphs can be used as expressive tools that both limit and enable students’
explanations of complex scientific processes.
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Introduction
Graphs are crucial tools in science. By visualizing data, graphs highlight patterns and events that are not otherwise
apparent (Friel et al. 2001; Wu & Krajcik, 2006). They furthermore afford common inquiry practices, such as
exploring and making inferences about interactions and processes within complex systems (Shah & Hoeffner,
2002). Although graphs are inseparable from scientific reasoning and discourse, students’ first formal encounters
with them tend to be restricted to their mathematics courses, and to be presented within self-contained problems
that involve only linear functions (Cobb, 1999; Watson, 2008). It is rare that students are asked to use graphs as
tools during extended science inquiry activities. As such, they are unlikely to receive instruction on such graph
features as non-integer values, oscillations, and exponential growth; features characteristic of graphs used in
science, and so that may support students’ understanding of complex science topics. This may be one reason for
which many students fail to succeed in science (Gal, 2002; Galesic & Garcia--Retamero, 2013; Gallimore, 1990;
Jarman et al., 2012).

We describe the design of a web-based unit that integrates graphing into science inquiry with the goal of
enhancing students’ reasoning about science through graphs. Through its classroom implementation, we explore
the value of the unit at improving both students’ graphing skills, and their scientific understanding.

Theoretical background: Comprehending, critiquing, and constructing graphs
Competency in graphing involves the ability to comprehend, critique, and construct graphs. Each of these abilities
builds on the other. For example, comprehending graphs requires learners to encode visual features (e.g., identify
a line’s slope or a grouping of points as meaningful); make conceptual relations (e.g., interpret a line’s decreasing
slope in a plot of human population vs. time as a decrease in numbers of people); and understand these in the
context of the relevant discipline (Shah & Hoeffner, 2002). In critique, students must comprehend and evaluate a
graph’s effectiveness at conveying an argument. Whereas both graph comprehension and critique involve reacting
to given information, graph construction requires that learners move from raw data or abstract function, and work
within the formal rules of a representational system to visualize relationships (Barclay, 1985; diSessa, Hammer,
Sherin, Kolpakowski, 1991; Latour, 1990; Leinhardt et al., 1990). In spite of the emphasis placed by national
standards on improving students’ graphing competency, graphs receive little attention in instruction, likely
because they receive little attention in standardized assessments (Yeh & McTigue, 2009; Miller & Linn, 2013).
Not surprisingly, research finds that students struggle in all areas of graphing, from comprehension to construction
(OECD, 2006).

Graphing cell division, cancer, and cancer treatment

Our curriculum design and analyses are guided by the Knowledge Integration perspective (Linn & Eylon, 2011).
This constructivist framework suggests that students have many diverse, often conflicting ideas, and that
instruction should support them in integrating those ideas. Students can be supported in developing coherent

ICLS 2016 Proceedings 721 ©ISLS



science understanding when instruction elicits their existing ideas, helps them explore new normative ideas, and
supports them in the process of distinguishing, organizing, and reflecting upon those ideas.

The curricular context of this study involves a web-based unit on cancer and cell division, called What
makes a good cancer medicine?: Observing mitosis and cell processes. Authored in the free, open-source Web-
based Inquiry Science Environment (WISE, wise.berkeley.edu), Mifosis has for several years, been widely used
by teachers around the world. In the unit, students are tasked to recommend which of three different chemicals
might make the best cancer medicine (that is, the one that most effectively stops cells from dividing). By observing
and comparing animations of the effects of different chemicals on cells, students use their understanding of cell
division and cancer to write an evidence-based explanation for their recommendation.

A key idea communicated throughout the unit is that cell division is a continuous process. Although
scientists have defined and named discrete phases of cell division (interphase, prophase, metaphase, anaphase,
telophase), students are reminded that these are simply names to facilitate discussion. The importance of
understanding cell division as a continuous process is highlighted in multiple activities throughout the unit. At
one point, for example, students are asked to pinpoint the frame in an animation of cell division at which a
particular phase begins, an exercise intended to generate debate, and to help students realize that the boundaries
between phases are ill defined and subjective. The notions of process and continuity, and the idea of exponential
increase in number, which are each relevant to a description of cell division, can be graphically captured in curves.
This graph format contrasts with linear and discrete (i.e., bar graphs) graphs, which instead visualize simple
processes, or categorical data, but which are also the kinds of graphs with which students at this level are most
familiar from their mathematics classes.

In incorporating graphs into Mitosis, we aimed to seamlessly integrate the graphs into the narrative of
the unit; and to help students gain, through graphing, greater insight into the underlying science. Graphing
activities were integrated at two points. Near the beginning of the unit, students learn that cancerous cells are cells
that divide out of control (Figure 1). Given a curve of normal cell increase over time, students are asked to draw
a curve that best represents the increase in cancer cell numbers over time (Figure 2). Later in the unit, students
document the effects of different medicines on cell division based on their comparative observations of
animations. They then select one of six graph options that they believe best represents the effects of a successful
medicine, and annotate and explain the graph’s meaning (Figure 3).

WHAT IS CANCER?

CANCER IS WHEN CELLS DIVIDE OUT OF CONTROL

: Healthy cells are pretty good at controlling how fast and how many times they
Welome Test Usert divide. But cancer cells continue to divide OUT OF CONTROL!
Expand All Collapse
1: What Is Cancer? — I had my colleagues back at the lab record Sandra's cancer cells through the
\ microscope. Double click the image on the right to see how quickly the cells

LA divide in a period of just 3 days!
T 1.2 Your ideas about

cancer (If the video doesn't play, CLICK HERE fo view it in a new window.)
¢/ 1.3 What is mitosis?

Then, answer the question below.
% 1.4 Fast and slow dividers

_= 1.5 Why do some celis
divide fast and others
slow?

| %4 1.6 A definition of cancer

4 1.7 How fast do cancer
cells divide?

Single breast cancer cell undergoing mitosis. Image taken z From the Marcus Laboratory at the Emory Winship Cancer
with & scanning electron microscope (SEM), from Institute
www.sciencephoto.com

Figure 1. A screenshot from the Mitosis unit.
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Figure 2. The instructions for the first graphing activity, early in the Mitosis unit.
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Figure 3. The instructions for the second graphing activity, near the end of the Mitosis unit.

Research questions

This research aims to explore the effectiveness of a science inquiry unit that integrates graphs at enhancing both
students’ science and graph understanding; and to characterize students’ changing understanding of the nature of
cancer and cancer treatment through the kinds of graphs they generate. Specifically, we ask: (1) Did students’
gain in their overall understanding of cell division, cancer, and cancer treatment, by the end of the unit? and (2)
What do students’ graphs indicate about their changing conceptual understanding of the underlying science?
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Methods

We implemented the unit with 30 students taught by one teacher in a diverse middle school in the Western United
States. The teacher had more than 6 years of experience teaching with WISE, and had previously taught earlier
versions of the Mitosis unit, which did not include graphing activities. Although students in this study had studied
cell structure earlier in the year, the Mitosis unit was their first introduction to mitosis and cell division. It was
also their first introduction to nonlinear graphs.

Students worked in partners on the unit for approximately 10 consecutive class periods, during which
they also individually completed a pre and posttest. The teacher circulated the classroom and only interjected to
offer individual or whole class guidance as required.

The pre and posttest included six questions that targeted students’ understanding of the events and the
organelles involved in the phases of cell division, and their understanding of how cancer treatment works. The
pre and posttest also included a graphing item, on which students were asked to draw a graph to represent the
change in numbers of cancer cells before, upon, and after treatment with an effective medicine. We analyzed
students’ responses to the pre and posttest items, and sought patterns in the kinds of graphs students generated on
the graphing item.

Analysis
We scored the pre and posttest with Knowledge Integration rubrics: 5-point scales that give credit to responses
based on the number of links made between normative ideas (Matuk & Linn, 2013). These rubrics were refined
by at least two independent coders over multiple classroom implementations, with disputes being resolved through
discussion.

The rubric for scoring the graphing item was designed to measure students’ ability to graph and explain
the effects of cancer medicine on cell division. It involved an holistic analysis of this item’s written and graphed
components. Scores in this rubric were based on three criteria: (1) the graph and accompanying description cohere,
that is, what is described in words is also reflected in the graph, and vice versa; (2) a complete narrative is
communicated of the effects of cancer treatment, including a description or representation of before, at the moment
of, and after treatment; and (3) the response as a whole demonstrates an understanding that cancer medication
decreases the number of dividing cells (Table 1). The highest scoring responses were those that used changes in
the graph’s shape to support an explanation of the process of cancer treatment.

Table 1. Scoring rubric for the pre and post test graphing item

Score | Description Example
0 e No response
1 e Off task Description

Click here to explain your graph.
enlarge
Cancer call division before and after treatmant

Number of cancer cells

Time

Description:
2 4 May address some or all Of the the graph shows that mitosis is in metaphase but in never peals so high that it divivdes. The red line
1 1 3 represents the cells dividing completing cancer.
following criteria, but none are foprese
normative Cancer cell division before and after treatment

/

Number of cancer cells

Time
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Findings

All students showed gains from the pre to the posttest, with overall gains being significant (t(29)=10.97, p<.0001,
M=1.27, SD=0.64) (Figure 4). This result suggests that the unit was successful at strengthening students’
understanding of the science underlying cancer treatment.

Average pre and post test scores
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Figure 4. Overall average pre and post test scores.
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Closer analysis of individual responses suggests interesting patterns in the relation between students’
developing graphing skills, and their conceptual understanding of the science context. In particular, we note that
many students initially drew upon familiar graphical forms from their mathematics courses. Of the 28 students
who completed the pretest, eight generated linear graphs (Figure 3) and four generated discrete graphs (Figures 4
and 5) (most of the other graphs were either blank or un-interpretable). This choice of graphs may reflect how
students are transferring their prior understanding of graphs (having previously learned to plot points in a
coordinate system, and to have constructed bar graphs) to this new science context. However, while each of these
graphs demonstrates an understanding that cancer medication decreases the number of cancerous cells, none
demonstrates an understanding of this phenomenon as a continuous process. Rather, these students have graphed
discrete states in time, leaving it ambiguous as to whether they have truly grasped the complex nature of the topic.

On the pretest, most students who completed item 1.6 either use discrete representations or strictly linear
graphs to express their interpretation of the effect of cancer treatment on the rate of cell division. By the posttest,
however, no student generated discrete graphs, and only three generated linear graphs. Thirteen students generated
piecewise representations (Figure 5, Figure 6) and 10 students generated curved representations (Figure 7). These
findings suggest that overall, students gained a deeper appreciation of the continuous nature of cancerous cell
division under treatment.

Our analysis furthermore shows how particular graph forms may both limit and enable students in
expressing their understanding. For example, students who initially used linear or discrete graphs typical of their
mathematics courses generated incomplete narratives of the process, describing only the decrease in numbers of
cells, or else, the states before and after treatment. By their posttests, however, these students no longer use grids,
nor even mark numbers on their graphs’ axes. Instead of being tied to these formal, schoolish conventions, these
students now appear to skillfully use graphs for more abstract expression: to illustrate the complex and continuous
process of cancer treatment.

Description:
The nunmber of cancer cells will decrease

Description

At the beginning the cancerous cells are many and the numbers climb but then after treatment the
enlarge numbers slowly decline.

Cancer cell division before and after treatment enlarge

Cancer cell division before and after treatment

Number of cancer cells
Number of cancer cells

Time

Time

Figure 5. An example of one student’s level 2 pre-test response (left), and level 5 posttest response (right),
showing how the acquisition of a more complex graphical language was accompanied by a more complete
narrative explanation of the process.

Description:
As the weeks go down, the cancer cells decrease.? Description:
enlarge The red line shows how cells infected with cancer will increase without the drug. THe purple like shows

Cancer cell division before and after trdatment hD;N the number of cancer cells will decrease when the drug is taking place
1 enlarge

10 Cancer cell division before and after treatment

w
Number of cancer cells
— -
Number of cancer cells

: v
4] Time Waeks 10 Time
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Figure 6. An example of one student’s level 2 pretest response (left), and level 5 posttest response (right).
Initially, this student drew a grid and plotted points at specific coordinates to quantify the decrease in cells.
Afterward, this student used several linear functions to build one piecewise function that captures a more
complete picture of the process before, during and after treatment is administered.

Description: Description:
Click here to explain your graph. cancer will increas the cells but rigyt as the drug works it the decreas.
enlarge enlarge

cancer cell division before and after treatment Cancer cell division before and after treatment

|

Figure 7. An example of one student’s level 2 pre-test response (left), and level 4 posttest response (right).
Initially, the student generated two lines, one longer and one shorter, presumably to illustrate a greater number
of cells before, and a smaller number of cells after treatment. Afterward, this student uses a curve,
demonstrating a more accurate conception of events as being continuous.

teacher

Number of cancer cells
Number of cancer cells

Time Time

Conclusions and implications

This paper described a unit redesigned to integrate graphing to support students’ science understanding. Our
results suggest that the unit improved students’ abilities to explain complex scientific processes in both graphical
and written forms.

In particular, students’ graphs on the pretest suggested a direct transfer of their graphing knowledge onto
the science problem, and not always in a way that was relevant. By the posttest, students’ graphs demonstrated a
more abstract understanding of cancer as a changing and continuous process. Being exposed to new kinds of
graphs through the unit appeared to help students articulate more nuanced understandings of the underlying
science. No longer relying on simply linear or discrete representations, students demonstrated an ability to use
and even to manipulate graphs to express hypotheses, and to tell stories of a complex process. The fact that even
after this brief exposure to continuous graphs, students demonstrate the ability to generate similar graphs, and to
explain them within a scientific context, shows promise for the design of inquiry activities that leverage both
graphs and science to strengthen students’ understanding of both. As we continue to analyze students’ embedded
responses, as well as the work of students across other class periods and classrooms, we will seek further evidence
for what and how students communicate through graphs, and what their graphs may reveal about their science
understanding.

In an interview, the teacher in this study commented that compared to her previous enactments of this
unit, the addition of the graphing activities appeared to help her students better understand the key idea that cancer
medicine should stop cells from dividing. However, another teacher who also used the unit noted that her students
struggled to understand the connection between the graphing activity and the underlying science. In our current
work, we are thus exploring new curriculum designs that better integrate graphing more seamlessly into this and
other science inquiry activities. We are also investigating ways to incorporate graphs into collaborative science
inquiry activities (e.g., pooling data and generating collaborative annotations), thereby seeking how to best to
leverage social and technological resources of the classroom to support students’ science and graph understanding.
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Developing a Geography Game for Singapore Classrooms
Matthew Gaydos, National Institute of Education, matthew.gayos@nie.edu.sg

Abstract: This case study presents the design and use of a non-digital geography educational
game. The game was co-developed by a researcher and teachers for use in a Singapore public
secondary school. Through the game’s use, issues of local classroom culture and design arise,
including teachers’ tendency to define learning in terms of content-based, and the challenges to
developing a play-based curriculum. Nevertheless, non-digital educational games provide an
old means that may be useful for testing new theories.

Keywords: non-digital games, educational games, learning, design research

Introduction

Though digital games provide a new and exciting avenue for educational reform (Gee, 2004; Mayo, 2009) they
continue to face barriers to classroom use. Early reports of barriers include technical and logistical overhead for
development and support (Van Eck, 2006). More recently, a survey of teachers’ perspectives point toward the
challenge of finding high quality, affordable games that not only fit into curricula, but that fit into professional
practices (Takeuchi & Vaala, 2014). Local cultural views on play and games can add additional barriers, especially
in settings where games are not regularly used or are perceived to upset institutional values and norms.

In Singapore, educational game development and research has been strongly supported for the past fifteen
years. Despite this support, games are not widely used. The lack of game use has previously been attributed to the
way that interest in high stakes standardized testing has posed a strong detriment to their widespread adoption
(Chee, Mehrotra, & Ong, 2014). The importance of the standardized tests tends to encourage the use of tools with
the best track records, and tends to discourage major shifts in pedagogy or practice. Digital educational game use
in Singapore is thus inhibited by local culture, in addition to all of the other challenges games’ often face (e.g.
logistical overhead, finding relevant games). Educational games - especially when coupled with sociocultural
theories of learning — may be challenging to use in Singapore because they do not fit well within a context that is
characterized by the pursuit of maximizing standardized test scores (Chee et al., 2014).

This is not to say that games cannot be used in Singapore classrooms, but that we presently do not know
what sorts of games will work. As has been previously shown, digital games like those played in non-classroom
contexts (i.e. daily life, for entertainment) may not be a good fit despite supporting educational development with
respect to identity or discourses. The purpose of this investigation was to try another approach, non-digital games,
and to investigate and report on the conditions of the school and classroom that support game use and to describe
the game’s design and development.

A design-based approach was used to coordinate the research and development. Development was
characterized by iteration and authentic feedback from students and teachers and was driven by a conjecture that
game play can support students’ learning, especially in terms of systems thinking (Berland & Duncan, In Press)
and discourse (Chee, 2011). Because this research conjecture relies on the reliable production of classroom game
play, the first goal of this project was to develop a game that produced the phenomena (game play) and to detail
its use in context.

Making the case for non-digital educational games
Non-digital games have a long history of use in formal educational practices (Walford, 1969) and an even longer
history of affiliated play-based learning theory (D’ Angour, 2013). Recently researchers have begun to apply both
cognitive and socially rooted theories of learning to understand non-digital games’ educational potential (Laski &
Siegler, 2014; Siegler & Ramani, 2009). The variety of approaches that have been previously taken to studying
the medium makes a comprehensive review of non-digital game-based learning difficult. Even if the review were
to be narrowed to STEM, the scope of non-digital game studies includes chemistry (Allsobrook, Brown, &
Glasser, 1973; Eastwood, 2013), physics (Smith, 2003), biology (Franklin, Peat, & Lewis, 2003), math (Jiménez,
Arena, & Acholonu, 2011), and software engineering (Taran, 2007), to name a few. Non-digital games are clearly
an appealing medium for educators, as evidenced by their widespread use and study. Nevertheless, they lack a
coherent through-line of research and development that theorizes their relationship to learning and their use in
education settings.

Approaching non-digital games as a medium to be studied is not particularly productive, as the
boundaries of the medium are always changing. Instead, play-based learning may be more a useful way to connect
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studies across the medium. Literature on play-based learning, so far, has been dominated by two lines of research:
1) children and the developmental role of play (Frost, Wortham, & Reifel, 2008; Vygotsky, 1978) and 2)
anthropocentric perspectives of play (Caillois, 2001; Sutton-Smith, 2001), including biological and evolutionary
explanations (Pellegrini, Dupuis, & Smith, 2007). Considering the influence that Vygotsky has had on theories of
play as well as learning, it is slightly surprising that a coordinated, learning sciences-based approach to play-based
learning has not gained more momentum.

What has gained momentum is the study of a digital game play, especially from social learning
perspectives including discourse and identity (Chee, 2011; DeVane, 2014; Foster, 2008; Gee, 2003). Rather than
consider play as a universal human activity, rooted in evolution or biology or development, sociocultural
approaches have examined a specific type of play-related activity, contemporary individuals’ and communities’
use of video games. These studies have identified digital game play practices — cognitive and social — that support,
lead to, and at times, are no different from academic instances of learning (Gee, 2003). For example, many, if not
all, of the learning principles that Gee (2003) describes as being characteristic of good digital games can also be
found in good non-digital games. Though it may be seen as odd, this suggests that digital game based learning
research can be a useful model for non-digital game based learning.

In particular, designing, developing, and supporting games’ integration into classrooms will require
overcoming similar challenges, regardless of whether the games are digital or non-digital. Consider for example
the case of Statecraft X, a digital (iPhone) civics education game designed and developed for use in a Social
Studies curricula for 15-year-old Singaporean students (Chee, Tan, & Liu, 2010). In-game, players acted as
governors controlling the growth of a town while competing with their fellow students through multiplayer, online
play. Game play involved three phases: 1) understanding the game and basic governance, 2) advanced
development, and 3) expanding the player’s sphere of influence. Through game play, Statecraft X conveyed four
key themes considered essential to Singaporean governance: “(1) leadership is key, (2) anticipate change and stay
relevant, (3) reward for work, and work for reward, (4) a stake for everyone, and opportunities for all.”

The game was not designed to be used alone, but to incorporated into a classroom that used dialogic
pedagogy. Students were expected to learn to become particular game-embedded identities (e.g. a governor)
through cycles of playing the game, engaging in teacher-facilitated dialog outside of the game and then performing
actions associated with the game-embedded identity (e.g. a governor) (Chee, Gwee, & Tan, 2011; Chee & Tan,
2012). In short, students would learn about the values and dispositions of governance by becoming a governor.

Though research on Statecraft X showed positive results with small groups of students (Chee et al., 2011)
it also raised significant cultural and practice-based that would need to be overcome in order for games to be
successfully integrated into Singaporean classrooms. First, they found that the students and teachers were not
comfortable with the game-based mode of learning, which different significantly from their typical classroom
learning practices. Second, using Statecraft X pushed teachers into dilemmas related to maintaining the status quo
especially with regards to assessment. Generally, teachers were encouraged to explore innovative methods so long
as the new methods were able to meet current assessment demands. In this case, a tension arose because Statecraft
supported the development of a governance-based identity, and because identity development does not show up
well on the sorts of standardized assessments that are used to hold teachers and students accountable.

Statecraft X research underscores two points about educational games research and how non-digital
games may be particularly useful. The first is well known. Digital games in classrooms must not only exhibit good
game design, but must also overcome logistical and pedagogical challenges. Bringing attention to these challenges
is useful for developing ways to address them, including differentiating between the challenges that are
characteristic of the digital medium (e.g. technical support) and the challenges that are characteristic of game play
more generally (e.g. teacher professional development). Non-digital educational games research, drawing on
recent sociocultural approaches to learning, may be a useful, low-cost alternative for addressing these latter
challenges.

Second, Statecraft X may be an educational game by some definition, but that does not immediately
qualify it as a game that can be effectively used in a class. Within the genre of educational games, formats vary
widely, from complex simulations designed to teach networking to adult learners (e.g. Cisco’s subnet
troubleshooting game) to math puzzles for kids (e.g. Dragonbox). Statecraft research shows that we need a better
understanding of the relationship between games and their context of use, especially when that context is a
classroom. Pursuing a line of non-digital games research may be helpful for not only theorizing the role of, but
also characterizing the nature of and games that work (and don’t) within formal education.

The study presented here involved the development of a non-digital game for classroom use. Following
the two points above, this report characterizes the game that was created and conveys how the game was perceived
and used by students and teachers. Elsewhere, researchers have begun study digital games from ecological
perspectives in order to better understand the relationship between games and their context of use (e.g. Shah &
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Foster, 2014). Similarly, this study proposes that non-digital games offer a complimentary route for understanding
how game-based play can lead to learning in formal education settings.

Theory

Activity theory is used to organize and present the analysis of game play, and was chosen for its usefulness in
differentiating the objectives of different stakeholders (researcher, teacher, and students) across the same
mediating artifact (Carvalho et al., 2015; Nardi, 1996). Activity theory, developed from the work of Vygostky
(1978), Leont’ev (1978) and more recently, Engestrom (1999) and Nardi (1996) is a framework that helps to
bridge human activity and consciousness, especially around games (Nardi, 2010). It has been previously used as
an analytic lens to characterize game play within online communities (Ang, Zaphiris, & Wilson, 2010), and within
serious games (Carvalho et al., 2015). In this study, the top half of the activity theory triangle is used to coordinate
the perspectives and objectives of the researcher, the teacher, and the students with respect to the game, and to
present a sense of how the game mediates classroom activity across subjects (Figure 1). This study relies on three
sources of data to do so: 1) a design narrative of the game’s development from the perspective of the researcher,
2) semi-structured post-class interviews with teachers and 3) a video stimulated recall interview of two pairs of
students who were recorded while playing the game in class.

Game

Researcher
Teacher

Students Object + Outcome

Figure 1. Activity theory was used to organize the data.

The design narrative is a description of the development of the game Sovereign City. A design narrative
is intended to convey the context of design and in so doing, make explicit some of the implicit knowledge of the
designer (Hoadley, 2002). Notes from meetings with teachers, design documents, and prototypes of the game are
used as data sources for this narrative. They are combined to tell the story of development from the
researcher/designer perspective.

The design narrative is coupled with interviews of two teachers and four students who played Sovereign
City as a part of their four-week long geography unit. The background of the teachers and their relationship to the
project is explained further below. The geography unit that they taught spanned eight classes over four weeks,
with classes held twice per week for forty-five minutes per class. The interviews with the teachers were semi-
structured, took place two weeks after the end of the unit and included questions about how the teachers thought
about the game and its use in class. The interviews were audio recorded, transcribed, and thematically coded.

The interviews with the students were also conducted after their unit finished (two weeks following), and
used a video stimulated recall method to prompt discussion. The students were selected for these interviews based
on convenience. For each of the two teachers, one class was recorded during game play. The group of four students
closest to where the video camera was set up were the students who were video and audio recorded. The two
students closest to the camera wore lapel microphones and these were the students who were interviewed. Their
interviews were also recorded, transcribed, and thematically coded.

Design narrative: Sovereign City
Sovereign City is an educational card game that’s themed around the economics of renewable and non-renewable
energy resources. It is based on the deck-building game mechanic found in commercial card games like Dominion
and Ascension with two key differences. First, the basic set of cards it uses is different and simpler than those
found in commercial games like Dominion. This enables the game to be finished in a shorter amount of time and
with less game-savvy audiences. Second, the cards are thematically about energy resources and other topics found
within the Energy Crisis chapter of the government-approved secondary-2 geography textbook. Otherwise, the
primary activity of the game is straightforward and can be roughly summarized: each player takes turns selecting
a card to add to his/her deck based on the resources held in that player’s hand. As of fall 2015, a version of the
game is “done,” and a new version is currently being designed for use in Spring 2016.

Before Sovereign City development could begin, multiple stakeholders had to be on board and invested
in the project’s success. The initial teacher-researcher relationship was built by way of a government-sponsored
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community-building workshop for game-based learning. Though the teachers who would eventually participate
in Sovereign City’s development did not attend the workshop, another teacher from their school did, and helped
set up a meeting. During this meeting, the teachers and researcher discussed project expectations, including
timelines, products to be delivered, and research to be conducted. At that point, it was agreed that a game would
be developed for the teachers to use in their class, that it would be based on a chapter in their textbook, and that
the teachers would have repeated opportunities for feedback regarding the game’s design and development. Once
the teachers agreed to participate, they then had to seek permission from their administrators, who cleared time
within their schedules of work so that they could participate in the weekly design feedback meetings.

The first full prototype of Sovereign City was co-developed over five weeks in the summer of 2014. An
Agile development approach was adapted and applied, meaning that: 1) A new playable prototype was developed
weekly and was used for testing and feedback. 2) Teachers took on the role of customers, providing feedback and
design suggestions each week during lunch periods that they donated to the project. The researcher took on the
role of developer and Scrum Master, creating the prototypes with the help of an artist. 3) Both the researcher and
the teachers had a say in what constituted a “done” product, as determined by the initially agreed upon constraints
(Tables 1& 2).

Table 1: Teacher-generated design constraints

Time The game should be playable within one class period.

Theme The game should include content provided by the teachers and found within the
students’ textbook.

Playability The game should be playable by the target audience (12 -13 year old boys in
“normal” and “advanced” classes).

Assessment | The game should, at some point, be able to be assessed using quantitative methods.
Ideally, it should be more effective than their typical (lecture-based) approach.
Time The game should be playable within one class period.

Table 2: Researcher-generated design constraints

Game The game should tend to induce play.
Materials The game should be constructed from materials commonly found within a classroom.
Appeal The game should generally appeal to teachers and students.

Teacher interviews

The semi-structured teacher interviews were conducted approximately two weeks after the unit ended. The two
teachers had been teaching for one year and two years prior, and for both, geography was their minor rather than
their major subject of expertise. The interviews were focused on questions related to the teachers’ views of the
game-based learning, and how well or poorly the game that they used fit into their lesson. The teachers’ interviews
were transcribed, descriptively coded, and organized into themes in order to summarize their views on the lesson
and on game-based learning more broadly. The teachers viewed the game largely in terms of its function in
achieving the goal of student learning. The teachers used multiple theories to describe how learning occurs in
context of using the game, and framed the activity with respect to the importance of conceptual understanding or
content.

Games and their functions

For the teachers, using the game in their classrooms disrupted their normal teaching methods. Typically, the
teachers explained, they would present the textbook material by way of lecture using slides or videos or assign
homework and reading. Playing a game was different for the teachers, as they needed to facilitate the activity and
support their students. In order for the game to run smoothly, the teachers had to facilitate students’ play, making
sure that everyone understood the rules of the game and finished on time, for example. With regards to learning,
the teachers saw their role as essential and suggested that their students would not learn much if at all if it were
not for the teachers’ guidance. Asking questions like, “how” or “why” something happened during game play, the
teachers tried to consolidate student thinking and/or get the students to “think deeper” about the material
introduced by the game. Additionally, the game provided a context for students to learn how to work with one
another and communicate their thinking.
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Learning concepts and content

Though the teachers saw the game as useful for their lessons, they differed in their opinions of game-based
learning. For one teacher, the students did not learn while playing the game, but learned after game play, when
students (with the help of their teacher) connected in-game material to real-world examples or textbook content.
If the students were to play the game on their own, the teacher argued, it would simply be “for the sake of playing”
and no learning would occur. The second teacher considered that learning occurred while playing, and that the
game introduced some of the key concepts from the chapter as evidenced through overheard conversations. For
both of the teachers, learning was primarily described in terms of concepts and content, though communication
or collaboration was mentioned as an important secondary learning goal.

Video stimulated recall

During the course of the unit, four students were video and audio recorded while they played the game. These
four students were selected based on convenience and to minimize disruption. Their seating arranged was
determined by the teacher, and so the camera, which was set to the side of the classroom, simply recorded the four
students who were sitting nearest. Two students from each group of four were asked to review the recording and
to comment on it.

Prior to commenting on the video, the students were shown the first few minutes of the video in order to
remind them of the class during which the recording took place. The students were then asked if there was anything
in the recording that they thought was interesting, and asked to show researchers where such points of interest
were in the video. The students were then asked to comment on segments of interest that had been chosen by the
researchers prior to the interview. The selections of video that were chosen by the researcher were any instances
of student-student or student-game interaction that were different than quiet turn-taking. For the points of interest
(theirs and the researcher’s), students were instructed to try to remember and explain what they were thinking and
what they were feeling at the time. As is typical in stimulated recall protocol, students were not pressed to respond
(i.e. answers of “nothing” were accepted) (Calderhead, 1981). Student interviews were transcribed and
descriptively coded. Descriptive codes were organized into themes to summarize students’ perspectives on the
activity. Three themes emerged from the four students’ discussions: rules, time, and personal experiences.

Rules

Student discussions regularly mentioned three topics: explicit rules of the game, fairness/cheating that emerged
from breaking or following the rules, and strategies that a player could adopt to win. For both groups of students,
the points of game play that interested them were related to rule breaking. For example, the first group of students
directed the video to the end of their game. Instead of ending the game, the students chose to continue to play:

Student 1: “Like we, we were stunned for a moment when we actually depleted all the,
all the sustainable growth cards, and we really didn’t know what to do with
the, our points, so we just stopped there for a while. Said, continuing playing
lah.”

Such rule-breaking occurred throughout students’ play:
Student 3: See I got nothing to do right? So I pick up my cards, then I look, look, look.
Then it's like, come, let's make a combo. Then I arrange, arrange, arrange,
arrange, see arrange until very nice.
Cheating was a point of contention, and both groups of students policed one another to try to prevent it:
Student 2: Yeah, so we were like, I help you shuffle, because we, we, we were like uh,
suspecting that he was sort of like peeking at the cards or, something like
that.
The students also discussed strategies for winning without cheating, and regularly evaluated their own and other

students’ choices. For example, they explained that they tried to acquire “better” cards for themselves, and in
some instances, tried to undermine other students’ play by convincing them to acquire “lousy” cards.
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Time

The students were expressly aware of time throughout the game. They watched the clock and discussed whether
they would have enough time to finish the game, encouraged one another to hurry up and go faster, and tried to
plan their turns while others were playing so that they could complete as many rounds as possible before class
ended. At the start of the class while they received instructions from the teacher, and sometimes while they waited
to take their turns, students described feeling “sian,” a Singaporean word that approximately means ennui, or
feeling down as a result of boredom.

Personal experiences
Students also made reference to aspects of their personal lives as they played the game. They made plans for what
to do after class, talked about current events, sang songs, and joked with one another. Though these discussions
were, for the most part, light hearted and jovial, there was at least one point during game play where interactions
were troubling.

As a part of the game, students received cards that represented different countries, including Norway,
United States, Singapore, and China. Each country had different abilities related loosely on their current
geographic or economic state. For example, the Norway card enabled easier acquisition of hydro-electric energy
resources, whereas the Singapore card prevented the acquisition of hydro-electric resources entirely. In the
following excerpt, Student 1 had received the China card:

Student 1: I was being insulted by that person who was sitting beside me. And I still
don't like him. He was just... Cause he, he wants to say like, he kind of like
want to make fun of the China card then, then say like oh, bad things about
it, and like, bad things about me, but then I was like ignore and just continue
to play.

As Student 1 later described, his bully regularly tried to make him feel bad for having good (better) grades in
Chinese class by insulting him or mocking his accent. Student 1 ignored the comments and explained that he
usually tried to avoid being grouped with his bully.

Discussion

The findings from this study are informative for both local development and game-based learning more generally.
First, finding that teachers considered game-based learning in terms of content is unsurprising considering prior
digital games research in Singapore (Chee et al., 2014) as well studies of its test-oriented culture (Hogan et al.,
2013). Assuming that the culture of testing does not change much, designing games for Singapore classrooms
therefore means that the games will need to include content found within the government-approved textbooks.
Such games may get more traction from teachers if they can provide demonstrable gains in content learning or
conceptual understanding. At the same time, the teachers’ focus on game-based learning in terms of content may
be at odds with contemporary theories of how or why to consider using games for education. Based in situated
approaches, many game-based learning arguments have revolved around notions of identity, discourse, and
communities. Content learning is not necessarily at odds with such perspectives, but studies and designs of
educational games do not typically address cognitive and social approaches simultaneously. If games are to be
realistically used in environments that privilege content-based learning that is measurable on standardized tests,
then game-based learning studies — even those that take sociocultural perspectives — may also need to show such
gains.

Second, observations of student game play suggest that the game’s current design does not promote
student discussions that the teachers would consider “learning.” For the most part, students were strongly oriented
toward successfully playing and winning the game (hence, cheating), and socializing with one another. The
potential usefulness of the non-digital card game can be seen in the students’ motivation to play, and their
continued monitoring to keep play going, quickly and fairly. The next design challenge is thus to take students’
interest in continuing to play and to leverage it for academic goals, especially considering their attention to the
game’s rules and strategies for winning.

Finally, in this example, the design and use of a non-digital game in a Singapore classroom recreated
many of the learning opportunities as well as the challenges that prior digital games faced. Similar to Statecraft
X, the card game required structured support in order for it to be effective and it raised issue with as quantifiable
and content-based. Though the current classroom culture in Singapore may not be well-suited for the type of
learning promoted by Statecraft curriculum, non-digital games may be more easily adopted, and may provide a
way to enact gradual change.
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Conclusion

Designing educational games for classroom use requires principles of good design, including iterative
development and testing in authentic settings (Gaydos, In Press; Hoadley, 2002). Non-digital games provide a
low-cost way to quickly cycle through this development process, potentially enabling faster identification of the
cognitive and social drivers that support effective educational game use. Quickly getting games into the hands of
teachers also provides opportunities for authentic feedback regarding how play fits into their pre-existing practices
and more generally into their curriculum. Though card and board games may be somewhat disruptive, especially
for teachers interested in maximizing test scores, they are sufficient for creating the phenomena of interest, play,
an essential first step to investigating game-based classroom learning.
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Abstract: The Next Generation Science Standards (NGSS) are the latest reform of science
education in the United States. The new standards are a radical departure from previous
standards in their focus on science practices. Not only have general notions of inquiry been
replaced by specific science practices students should learn, but the standards articulate a vision
of instruction that places student engagement in science practices as the means though which
science concepts should be learned. Teacher educators recognize this shift places profound
demands on teachers and teacher learning. We report evidence from the start of an NGSS
professional development project on how teachers’ understanding of the science practices
emerges from their efforts to re-design instruction to align with them. Our analysis suggests
teachers’ initial understanding is quite far from the vision of NGSS. We characterize this
understanding and consider its implications for teacher professional development.

Keywords: teacher learning, science teaching, professional development, NGSS

Introduction
New science education standards being introduced in the United States are recognized as placing substantial, new
demands on science teachers (Moon, Michaels, & Reiser, 2012; Pruitt, 2014). The major shift in the new standards
is that science concepts are to be learned through engagement in science practices, such that students develop deep
understanding of both disciplinary core ideas and the practices themselves. While this sort of integration has been
pursued in the science education research community for decades, and in fact underlies the new standards (NRC,
2012), it remains rare in typical U.S. schools. There is a great need, therefore, for professional development (PD)
opportunities for working teachers to understand and learn to enact the teaching demanded by the new standards.
Any effort to help teachers learn the new reforms has to start from knowledge of teachers’ initial thinking
about the NGSS and its implications for their teaching practice. We report here on an attempt to get such
knowledge, as part of a professional development project that aims to help a group of secondary science teachers
learn to teach to the NGSS. We ask two questions. One, what do teachers see as their goals for their students’
learning? That is, what are they trying to accomplish? Answering this question informs how teachers might
interpret the NGSS in relation to their own goals for students. The second question is, how do teachers understand
the science and engineering practices (SEPs) articulated in the NGSS and how they relate to learning core
scientific ideas? We consider teachers’ early participation in professional development activities as contexts to
elicit their initial thinking about what it means to teach toward the new standards.

Core practices of ambitious teaching
Our perspective on teacher learning, and hence professional development, is derived from the idea that a small set
of “core practices” underlie ambitious science teaching (Kloser, 2014; Windschitl, Thompson, Braaten, &
Stroupe, 2012). By ambitious, we mean teaching that supports students taking on the intellectual responsibility
for their own learning, as articulated in the conceptual framework underlying the NGSS (NRC, 2012). This
includes students taking responsibility to engage in meaningful versions of science practices like asking questions,
designing and conducting investigations, collecting, analyzing, and interpreting data, making models and
arguments from such interpretations, and so on. Our view of such science practices is that they are fundamentally
dialogic (Kelly, 2014; Mercer, 2009; Ryu & Sandoval, 2012). From this view, we see two primary demands on
teachers’ practice to align with NGSS. One is that classroom activity has to be opened up to students’ agency and
meaningful participation. Students need ongoing and extended opportunities to engage in science practices as the
means to make sense of science concepts (Osborne, 2014). The second demand on teaching follows from this
opening up of opportunity: teachers must be able to manage productive disciplinary discussion among students,
discussion that holds students accountable to each other and to disciplinary standards of knowledge production
(Engle & Conant, 2002; Michaels, O'Connor, & Resnick, 2008).

Little is yet known about how best to support teachers learning to teach in ways aligned with NGSS.
Specifically, there is scant research on teachers’ understanding of the eight core science practices described in
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NGSS (NGSS Lead States, 2013). Of these practices, argumentation has received a great deal of attention over
the last decade. It is now well established that many teachers have an understanding of scientific argumentation
that reveals many of the same limitations as students’ arguments, and these limitations negatively affect their
efforts to teach the practice (Beyer & Davis, 2008; McNeill & Knght, 2013; Sampson & Blanchard, 2012). It is
also very well established that the typical science laboratory experiment is intended to help students verify a
concept or principle already taught through other means (NRC, 2005). This suggests that in-service teachers
should probably not be expected to have a deep understanding of the core science practices articulated in the new
framework, and may not understand how practices are the means through which science knowledge is generated.
Professional development efforts very likely need knowledge of teachers’ conceptions of the core science
practices.

It is by now, however, well established that links between teachers’ beliefs and knowledge about science
and science teaching and their actual teaching practice are tenuous and hard to trace (Bryan, 2012). Our view is
that an important means to get at teachers’ understanding of the new science practices is to examine the
opportunities they provide to students to engage in them. A more accurate way to put this may be that it is
important to document the versions of science practices that teachers promote in their classrooms, and examine
the alignment between such versions and the versions idealized in the NGSS. We take this approach here.
Moreover, while we acknowledge that what teachers say is important may not be directly reflected in what they
do in the classroom, we still think it is necessary to get some idea of the goals teachers have for students. What is
it teachers want students to take away from their science classes? Our expectation is that as teachers open up
spaces for students’ epistemic agency and accountability, they may begin to formulate different goals for science
teaching, goals that may be specifically grounded in notions of the value of students being able to engage in
particular science practices.

Methods

This study asks two questions. What do teachers express as their goals for teaching science? How do teachers
understand the science and engineering practices (SEPs) articulated in the NGSS and how they relate to learning
core scientific ideas? In answering these questions we aim to generate insights into how to support teachers in
learning to teach to the NGSS. The question of how teachers understand the SEPs and their relation to disciplinary
core ideas is an obvious practical issue raised by the new standards, as helping students explicitly relate science
practices to the ideas such practices produce is a major goal of this reform. Understanding teachers’ goals for
science teaching, generally, helps us to relate how those goals may or may not influence teachers’ understanding
and uptake of the new standards and efforts to implement them.

Study context

This study draws on data collected in the early months of a multi-year professional development project. The
overall project aims to help teachers shift their practice toward the kinds of science learning envisioned by NGSS,
learning that relies on students’ joint construction of scientific knowledge, and of the practices that create such
knowledge. Since our view on creating such learning environments sees students’ collaborative, accountable talk
(Michaels & O’Connor, 2012) as the primary means of learning, our efforts are focused on helping teachers learn
to manage such talk. Our approach has two stages. In the first stage, our aim is to help teachers “open up” their
instructional activities to give students more agency and responsibility to negotiate and enact practices of
experimentation, modeling, data analysis, argument, and so on. Productive disciplinary discourse can only emerge
in such contexts, where students legitimately have to grapple with how to engage in the work. The second stage
aims to help teachers learn productive talk moves that can help them manage the student discourse arising from
these more open opportunities to do science. The data reported here come from the beginning of the first stage of
the project.

The professional development work from which data are drawn for this analysis includes a series of
sessions totaling nearly 30 contact hours with teachers over the first two and a half months of the 2015-16 school
year. Professional development activities are led by dedicated staff experienced in science teacher professional
development, in collaboration with research staff on the project. The project started with a 3-day summer institute
(18 hours) where teachers were introduced to the NGSS, discussed the foundational assumptions underlying the
new standards, and experienced themselves two extended learning experiences intended to engage them in science
practices in ways aligned with the new standards. The institute was followed by three more PD sessions totaling
10 hours. Teachers organized themselves into grade level and subject matter teams spanning multiple school sites
(e.g., grade 6 life science, high school chemistry), and pursued, with project staff support, a version of lesson
study cycles (Fernandez & Chokshi, 2002). During this first stage of the project, lesson study was framed around
the choice of one SEP to teach, according to the teachers’ developing understanding of the practices in NGSS.
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Data for this study are drawn from the initial project summer institute (August 2015) and PD sessions and
classroom observations leading up, but prior, to the first set of instructional rounds of lesson study. We treat these
initial sessions of PD as contexts in which teachers’ emergent understanding of science practices can be observed
and documented.

Participants

The teachers involved in the project work in an urban school district in the western United States, serving a
population of just over 30,000 students. Ninety-five percent of students identify as Latino, more than two-thirds
qualify for free or reduced lunch, and approximately 30% are classified as English learners. All participants (N =
26) teach science at the secondary level, grades 6-12. Twelve (9 women, 3 men) are middle school (grades 6-8)
teachers, and 14 (10 women, 4 men) teach high school (grades 9-12). All participating teachers are designated as
lead teachers at their schools, with responsibility for helping their colleagues implement NGSS. Most of the high
school teachers participating in the project worked with this project’s professional development staff during the
year prior to the start of this project. Nineteen teachers were present for the initial 3-day summer institute, and the
other 7 joined at the first fall PD session.

Data sources and analysis

Our data on teachers’ expressed goals come from a brief written reflection activity they were asked to complete
at the end of the first day of the summer institute, as well as group oral responses from a discussion of foundational
assumptions of NGSS (NRC, 2012, pp. 24-28). Responses were analyzed thematically, by grouping similarly
worded responses together and labeling them. These labeled groups were constructed independently by a
researcher and then discussed and revised by the research team.

Data on teachers’ practices with respect to SEPs and their integration with disciplinary ideas are drawn
from artifacts teachers produced during PD sessions, generally working in their lesson study teams; video records
and field notes of all PD sessions; written classroom observations of each teacher during the first 6 weeks of the
school year, 36 observations in all; and classroom observations (in person and video recorded). Field notes of PD
sessions included a chronological account of the PD activities, including detailed transcripts of facilitator
questions and teacher responses during whole group discussions. Written classroom observations described the
instructional activities, documented teacher-student interaction (e.g., question-response sequences) during the
class observed, and specifically tracked teacher talk moves derived from the accountable talk framework
(Michaels & O'Connor, 2012)

To explore teachers’ ideas about the SEPs, we identified moments in the PD sessions where
teachers described student participation in the science and engineering practices (both verbal and written).
We focused on trying to understand teachers’ ideas about what students would be doing differently with
the NGSS. To analyze classroom observation field notes, we identified the specific science and engineering
practice that was used during the lesson and described student participation during the class. We focused
on understanding students’ agency in the science and engineering practice used during the lesson. We
determined the degree of student agency by examining students’ roles and responsibilities during classroom
instruction. For example, in a cookbook, known answer lab, students’ roles are largely structured by the
teacher where they have little autonomy to decide how to approach and/or solve the scientific problem at
hand. While this type of teacher driven instruction was very common in the classrooms we observed, there
were a few where students had greater opportunities to share their own ideas and decide on approaches for
solving scientific problems. In both cases, our analysis aimed to identify the different purposes or goals
that teachers pursued in these classroom activities.

After writing these descriptions, we read through and grouped them based on similarities in
teachers’ ideas about the science and engineering practices and student participation in these practices.
From these groupings, we developed themes to characterize the descriptions in each group. Our themes
depict teachers’ instructional goals as represented by their ideas about student participation in the science
and engineering practices and how they enacted those ideas in classroom instruction. Thematic labels are
expressed in terms of the learning goals each grouping appeared to reflect.

Findings

We briefly discuss teachers’ statements of their broad goals, or perhaps hopes, for their students. Then we present
analyses of baseline observations of teachers’ classroom instruction and their talk during PD sessions. We argue
that, together, these expressed goals and initial observations depict their emerging understanding of science
practices articulated in the NGSS.
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Goals for science learning

The 19 teachers attending the summer institute wrote 23 statements of goals for their students’ science learning.
Note that these statements were rather brief, thus they tell us mostly what teachers consider important for students
to get out of science classes in a very broad sense. Perhaps not surprisingly, most teachers focused on various
kinds of skills they hoped students would develop from their science classes. Twelve teachers made statements
related to students learning skills. Four of these statements were general statements of skills of “critical thinking”
or “problem solving strategies.” Four others expressed “communication” as a goal, such as “great public speakers”
and “good at sharing their thoughts.” Only three of skills goals were expressed in terms specific to science; these
were “back up claims with evidence,” “develop their own experiment,” and “problem solving with scientific
methods/SEPs.”

A second set of goals related to a love of science, a phrase used by four teachers, a fifth teacher wanted
students to become interested in science, and a sixth hoped students would develop a “wonder for more.” Three
statements expressed a hope their students would be ready for future academic work, in science and in general.
Two statements referred to personal development (e.g., “being responsible™). Taken as a set, teachers’ statements
of goals were not only broad, but articulated no specific connection to science as a subject.

We see these sorts of goal statements as articulated at such a high level as to bring no traction to
considerations of teaching practice. In one sense, they are unassailable. They are also not functional. We are
cautious about reading too much into such statements, given the context in which they were elicited. Nevertheless,
we see the generality and vagueness of these statements as at least suggesting the possibility that these teachers
had not thought about the value of learning science in specific terms.

Use of science practices

Our interest in how teachers make sense of the SEPs articulated in the NGSS is in relation to their own teaching.
One might ask what teachers think modeling or experimentation or argumentation are as practices of science.
Here, we are interested in how teachers organize student engagement in SEPs in instruction. The themes we
derived to characterize these perceptions are summarized in Table 1, in descending order of their frequency in our
sample.

Table 1: Teachers' instructional goals for engaging students in SEPs.

SEP is to... Student participation is intended to...

Reinforce concepts Demonstrate understanding of a concept through a structured activity.

Engage with topic ~ Generate interest or relevance through an introductory activity related to a topic.

Learn method Develop understanding of the scientific method, unrelated to current curricular
topic.
Assess concepts Demonstrate understanding of a topic at the end of an instructional unit.

Reinforce concepts

The most common idea about the SEPs was that they can be used to reinforce science concepts learned
in previous class sessions. For example, teachers may provide some direct instruction prior to students building a
model or doing an experiment to reinforce their understanding of the concept. Students’ engagement with a
practice in this case is similar to the traditional verification lab. The point is not to explore a phenomenon or
generate an idea or explanation, but to demonstrate a concept. Such activities mostly focused on the practices of
conducting investigations, modeling, or analyzing and interpreting data.

For example, in a grade 8 physical sciences class, students watched and took notes on the teacher’s
presentation of material on volume. They were then given a set of instructions for observing and measuring the
amount of water displaced when a cube was placed into a graduated cylinder. In another class, students
participated in a structured discussion with two opportunities to discuss with a partner a question posed by the
teacher (e.g., careers and instruments used that require precision and accuracy) and then shared out their common
response. Later in the class period, students measured water in a graduated cylinder and took the mass of the water
in the cylinder. They used these two measurements to calculate the density of water. Student groups performed
the measurements five times and calculated an average across their trials. These group averages were reported,
used to calculate a class average, and compare that to the previous class period. The measurement and calculation
in the lab were not related, explicitly or implicitly, to the earlier discussion.

ICLS 2016 Proceedings 740 © ISLS



Other examples of this purpose were more student-centered. In a high school biology class, students were
told to develop an analogy for the cell and its structures. The teacher told students to use their notes from the
previous day to help them relate the structures of the cell to structures in their analogy. Students used post-its and
poster board to draw and annotate their analogy. They used more post-its to explain why their analogy fit the cell
structure it represented. These analogies thus were not a means to develop understanding of cells, but to display
that understanding for the teacher.

Engage with topic

A second common way to engage students in versions of science practices was a means to introduce them to a
new topic in a way the teacher thought would be more interesting or relevant to students. For example, in a middle
school class, students were given a small black box and asked to make observations about the box (e.g., the sound
it makes, its weight). Students were then asked to make interpretations from their observations about the contents
and then finally make a guess as to what was in the box. They were also asked to draw a "model" of what they
thought was inside; of course this model was simply a picture of the possible contents of the box.

Another version of engagement involved investigative contexts teachers thought would be interesting to
students. For example, students worked in groups to build a roller coaster from insulator pipe, and measured how
far and how fast a marble left the coaster. Students dropped marbles on a long foam track with a loop from different
heights and measured the time it took for the marble to roll a meter from the track. Students recorded their
observations and completed a lab sheet. The purpose of the lab or its relation to scientific concepts was not
articulated.

Teachers thought such experiences created interest that could be linked to science topics. One teacher
said during the summer institute, "Sometimes the really deep questions happen after the really simple questions
and basic observations, like the sun always comes up and down, but that can lead to questions about astronomy."
For teachers, engagement in these sorts of preliminary investigations served to create interest to be exploited in
subsequent instruction, but were not framed as a means for learning core concepts in a subject. Whereas this sort
of engagement could be used to generate questions that could be answered by science concepts, we did not observe
such questioning in these activities.

Learn method

Another way teachers engaged students in science practices was to organize activities where students conducted
experiments, or constructed models, in order to learn how to do that practice. Such activities were not related to
curricular topics and were explicitly intended to help students learn aspects of scientific practice as general skills.
As one teacher put it, "At some point, they need to know what the steps are that they need to take. If they haven’t
gotten those experiences prior, then I can’t expect them to do it right away. If they haven’t been trained, then I
can’t expect them to do this, give them freedom to do these things."

These methods-oriented activities were divorced from the topics students were studying. As an example,
in a middle school class students followed a written procedure at the front of the class to make “slime” using glue,
borax, and other materials. They had been talking about variables the prior day and were investigating the
differences in the qualities of the slime produced using different types of glue. While it is possible students
developed some interesting ideas about how glue and borax mix, the experiment itself was not related at all to the
topics under study in the class. Rather, students were expected to learn something general about controlling
variables from their experience. Such activities are profoundly antithetical to the ideas of the NGSS, which
specifically aim to place science practices as the means through which disciplinary core ideas are learned.

Assess concepts

One of the ways in which teachers used models, explanations, and arguments was as a means for students to
demonstrate their understanding of a topic or concept. As one teacher put it, such artifacts provided a
“representation of their knowledge and understanding.” For example, students in a middle school physical science
class were asked to work in groups to draw a general diagram of the structure of the atom. They worked in groups
and drew on a whiteboard. Students labeled the parts of the atom on their model. The teacher moved throughout
the room correcting students’ models. After all the models were correct, the teacher asked students to copy the
model into their notebook. In relation to the NGSS vision of science practices, this example is striking in several
respects. First, students’ task was to model “the” atom, as if there is such a thing. Second, the model was framed
from the beginning as a representation that was either correct or incorrect. Thus, creating the model was not a task
of trying to understand the world, but of trying to display an understanding of some version of the world created
by someone else. Finally, no aspect of the task engaged students’ consideration of how to decide whether or not
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a model was “correct” or not, or even what it might mean to call a model “correct” at all. The teacher simply
informed students they were right or wrong.

Looking across the set of purposes to which teachers we observed engaged students in what can most
accurately be called practical work is just how far these activities are from the kinds of science practices envisioned
in the next generation standards. Few activities we observed engaged students as legitimate agents of knowledge
production in the classroom. Instead, student activity was primarily directed at discovering or mastering concepts
known to be external to the people in the classroom, definitively correct facts and concepts to be assimilated.
When students were granted some agency in the form of modeling or experimenting they might conduct, it was
constrained within parameters of justifying some concept already framed as correct or demonstrating how
classmates’ thinking was incorrect.

Conclusions and implications

Our analysis here shows that these teachers’ emergent understanding of the science practices in NGSS is not very
well aligned with those standards. It can fairly be said that students in our examples were not engaged in practices
at all, but merely classroom activity potentially related to science practice. The NGSS explicitly intend for science
instruction to be re-organized so that students learn core concepts through their engagement in science practices.
During our baseline observations of teachers’ instruction, we did not see students have opportunities to
meaningfully engage in science practices to learn core ideas. Rather, investigative or modeling activities were
used to try to engage students, reinforce a concept taught through lecture or reading, assess students’
understanding of a concept, or to try to teach some aspect of science process skill divorced from any meaningful
science concept.

These findings are perhaps not surprising. These teachers’ practices look like typical science teaching in
American schools. We take these findings as clear evidence that the learning challenges working teachers face to
learn NGSS-aligned teaching are significant. We spent nearly 30 hours with these teachers over 14 weeks, time
that appears sufficient mainly to surface their current practice rather than indicate change. As our work with this
group of teachers moves forward we see implications that apply to this and similar work with teachers that aims
to promote change in science teaching toward an alignment with the next generation standards.

First, teachers clearly need to develop an understanding of how students’ engagement in science practices
can directly support learning science concepts. The teachers in this sample were not observed providing such
opportunities to their students. Teachers with their own research experience are more likely to provide authentic
inquiry opportunities to their students (Windschitl, 2003), and it may be that such experiences are critical to help
teachers see how science concepts are tied to science practices. That is, teachers themselves need support to
develop a “grasp of practice” (Ford, 2008), both the practice of science and the new practice of teaching science.
Providing inquiry experiences to working teachers is quite difficult, particularly during the school year. Thus,
developing other ways to support in-service teachers in linking science practices and concepts is needed.

One means of providing support for this kind of in-service teacher learning is to reconsider the idea of
“rehearsal” that has been developed in pre-service teacher education (Lampert et al., 2013). Rehearsal is a way
for pre-service teachers to get highly scaffolded practice with particular teaching routines. In our own work, we
see the need to enable such rehearsals to take place within the structures provided by lesson study. As we move
forward, we seek ways to coach teachers through particular teaching routines that can help them to open up
opportunities for students to engage meaningfully in science practices. Such teaching routines might include
strategies to organize sessions for students to critique each others’ work (Ford & Forman, 2006), or ways to
structure public evaluation of models (Schwarz et al., 2009). The examples we have of such efforts in science
education are understood in terms of particular interventions, and perhaps principles, to support student learning,
but these have yet to be analyzed and articulated in terms of teacher learning.

Another conclusion we draw from our findings is that teachers’ goals for student learning are expressed
at such a general level that it is difficult to relate them to science at all, much less consider how they might help
or hinder teachers’ interpretations of NGSS. Ghousseini et al. (2015) describe their efforts to link instructional
routines to the goals those routines serve, goals that may or may not match teachers’ current goals. Variations in
teachers’ goals for their own teaching probably influence how they take up professional development. This is a
factor that ours and others’ professional development efforts must address, both in research and in professional
development itself. That is, we need to help teachers’ articulate their own goals in ways that can be compared to
NGSS goals and can help them interpret the new standards.

While the purpose of this analysis has not been to validate our professional development approach, we
have generated support for our conjecture that opening up opportunities for students to engage in science practices
is antecedent to managing productive disciplinary talk. The conclusion we draw from this analysis is how difficult
this first stage of creating such opportunities may be for many teachers. Perhaps as the new standards take hold
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new curriculum may appear that structure aspects of these opportunities. Our analysis makes clear, however, that
these opportunities depend upon an epistemic framing (cf., Berland & Hammer, 2012) that gives students’
epistemic agency. Such a framing, we believe, depends upon teachers’ understanding of how scientific knowledge
derives from specific scientific practices. Professional development must consequently focus on helping teachers
learn how to create appropriate epistemic frames around student activity.
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Abstract: This study examined how students leveraged different types of knowledge resources
on an outdoor learning trail. We positioned the learning trail as an integral part of the curriculum
with a pre- and post-trail phase to scaffold and to support students’ meaning-making process.
The study was conducted with two classes of secondary two students. We coded two groups’
discourse to examine the use of knowledge resource types in the meaning-making process in an
outdoor learning setting: contextual resource, new conceptual resource, prior knowledge
resource, as well as the relationship among these knowledge resource types. Next, we also
examined environmental interaction and integration in the students’ use of these knowledge
resource types. Analysis showed that contextual resources are chiefly instrumental in fostering
students’ capacity to harness new conceptual resource and to activate prior knowledge resource
in interacting with and integrating the outdoor learning environment in the meaning-making
process.

Introduction

Rapid technological advances have revolutionized the way people learn, as well as redefined learning spaces to
embrace learning beyond the four walls of the classroom. Research studies on outdoor learning and mobile
learning (e.g., Kerawalla et al., 2012; Maulucci & Brotman, 2010; Maynards & Waters, 2007; Orion & Hofstein,
1994; Sharples, Taylor & Vavoula, 2007) accentuated some similar theoretical convictions: a) the criticality of
understanding learners’ interaction with the environment endowed with rich physical affordances; b) learners’
interpretation of the physical environment; and c) the integration of outdoor learning with indoor classroom
learning in the meaning-making process. Orion et al.’s (1997) study found that active interaction with the
environment is instrumental in meaning-making on an outdoor field trip. Likewise, Frohberg et al.’s (2009) review
of mobile learning accentuates the importance of physical interaction with multiple resources available in the
environments; giving emphasis to the design of learning activities to empower learners to capitalise on the
immediate physical space and the resources available to enhance the learning context.

Notwithstanding the multitude of studies on outdoor learning, research remains unclear on the meaning-
making process: a) how learners use the different types of knowledge resources, in an outdoor learning setting to
co-construct knowledge; b) how learners interact with the outdoor learning environment to enhance and/ or
advance the different types of knowledge resource; and c¢) how learners integrate outdoor and indoor learning
experience harnessing these knowledge resource types. Building on our previous research on small group
collaborative learning, this study explores the knowledge resource types students use on an inter-disciplinary
mobile learning trial. We also investigate students’ interaction with and integration of the physical environment,
where the outdoor learning trail forms an integral part of the curriculum from pre-to-post learning trail.

Theoretical framework

Outdoor learning as environmental interaction

In outdoor learning, students assume an active role in constructing information from the environment where the
“direct experience with concrete phenomena and materials” (Orion, 1993, p.325) becomes key in the meaning-
making process; a process which Kerawalla (2012) coined it the “sense-making process” in her study on students’
interaction with the physical environment. The interaction with the physical environment concretizes the
otherwise, inert or abstract concept, knowledge and skills acquired within the confines of the classic classroom.
Thus, environmental interactions form a significant signpost in an outdoor learning context to help students make
sense of the world around them. Here, learners are given the authentic platform to attach values and meaning to
the objects and the surrounds. Maynards and Waters’s (2007) work on outdoor learning for children also
underscores the potential of the outdoor learning environment where it fosters the construction of knowledge on
a larger scale: exploring the world at first hand and experiencing natural phenomena. On a similar note, Kerawalla
et al.’s (2012) work on doing geography showed that students develop and acquire new skills not taught in the
traditional classroom setting, but through their situated interactions with the environment and improvisational
interpretations of the environment. These new skills emerged as students responded to the challenges in the data

ICLS 2016 Proceedings 745 © ISLS



collection process. Apart from skills, the appropriation of knowledge with the real world environment becomes
contextualized and assumes meaning through use.

Environmental interaction essentially draws upon two intricately interwoven elements: /earning and
context. Sharples et al. (2005) contend that the essence of mobile learning lies in understanding how people “create
impromptu sites of learning” as they cross from one context to another. In a nutshell, the context for learning does
not reside in the surrounds, but rather it is the learners who give meaning to the context. Here, knowing and
contexts are mutually constitutive; and learning is “(re)conceived as fundamentally constitutive of the contextual
particulars in which it is nested” (Barab & Krishner, 2001, p.5). This also mirrors Pachler’s (2009) notion of
mobile learning where learning is conceived “as semiotic work and meaning making in which users develop, with
the aid of devices, new cultural practices with and through which they learn and strengthen their resources for
meaning-making whilst interacting with the world ... (p.5)”. Learners become active agents in the meaning-
making process in an outdoor learning setting where they undertake activities to interact with the environment to
concretize or create knowledge which culminates in the development of “new cultural practices”, and thereby,
strengthen their “resources for meaning-making”.

Knowledge resources for environmental interaction

As aforementioned, the interaction with the outdoor learning environment implies that learners are engaged in
reinterpreting and re-contextualizing during the meaning-making process: attaching new values and meanings to
the environmental features (Pachler, 2009). However, this process is not without its inherent challenges.
Kerawalla et al.’s (2012) study on students’ sense-making process in a geography field trip found that students
had to leverage a range of multimodal resources from gesture to prior classroom learning to support their
engagement in the interaction with and interpretation of the learning environment. Here, students learn flexibility
in their use of knowledge resource types to respond to varying contextualized situations, as well as construct or
create new knowledge. Orion and Hoffstein’s (1994) works on field trips surface the concept of novelty space,
which comprises of three essential pre-field variables, namely, the cognitive, the geographical and the
psychological novelty. Cognitive novelty is contingent on the concepts and skills learners would be confronted
with during the field trip; geographical novelty is related to learners’ familiarity with the location of the field trip;
and psychological novelty refers to the psychological readiness and inherently, learners’ prior experiences with
outdoor learning experiences. They observed that students showed better learning performance on a field trip
when this novelty space is reduced. In other words, the body of knowledge resources made available and
accessible for learners’ appropriation of these various knowledge resource types during their interaction with the
outdoor environment can significantly reduce all three novelty spaces.

From the perspectives of knowledge resources in collaborative learning settings, it is important to
examine how learners leverage different types of knowledge resources available to them for knowledge
convergence. The body of knowledge resources could be conceived of as a tool that allows groups to have
flexibility and manipulation during the interaction with and interpretation of the environment where knowledge
resource types can be restructured and approximated to respond and to react to new situations. Fischer and Mandl
(2005) examined how students in different collaboration conditions used a range of knowledge resources for
process and outcome convergence. Their study identified three core knowledge resource types in the collaborative
meaning-making process to construct knowledge: contextual resource, new conceptual resource and prior
knowledge resource. Contextual resource refers to the ‘case information in the given case’; new conceptual
resource refers to new ‘theoretical concepts’ that students learn within a theory text and prior knowledge resource
means theoretical concepts not taught in a theory text, but likely from students’ prior learning experiences. Of
equal significance would be two other categories of resource use: the relationship between contextual resource
and new conceptual resource, as well as the relationship between contextual resource and prior knowledge
resource.

Against this theoretical backdrop on environmental interaction and use of knowledge resource types in
outdoor learning, our research questions are:

e RQ 1: What type of knowledge resources do students use in an unstructured activity on an inquiry-based
outdoor learning trail?

e RQ 2: What is the relationship between the type of knowledge resources and students’ interaction with
the environment on an inquiry-based outdoor learning trail?
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Research Methodology

Participants and research setting

The research study was implemented with two classes of secondary two students (N=40) at one of the future
schools in Singapore; a forerunner in the use of emerging interactive digital media-based tools and mobile
technologies for teaching and learning both in-and-out of the classroom learning settings, as well as across all
subject areas and levels. The mobile learning trail took place at the Singapore River where students could learn
about the history of the Singapore civilization, the importance of the river location and the measurement of water
quality and conditions. We chose the Singapore River as an ideal location for interdisciplinary learning as students
could explore various topics of inquiry by synthesizing history, geography and science knowledge. The outdoor
learning trail was conducted in small groups of four to five members, resulting in eight groups from the two
classes.

Design of the outdoor learning trail

We position the outdoor learning trail not as a stand-alone, one-day event, but as an integral part of the formal
curriculum with a pre- and post-trail phase. All learning activities were co-designed by the research team and the
collaborating teachers. The recce trips of the river trail site formed a very critical phase in our design and
development process of the overall trail structure: structured activities and the phasing in of an unstructured
activity where students could pursue their own inquiry generated during the pre-trail phase. The recce trips enabled
collaborating teachers (also the content experts) from the Geography, History and Biology department, to see how
the three subjects could lend content to each other in the design of the trail activities.

Table 1 presents the overview of the learning outcomes and lesson activities for each phase. To facilitate
the integration of conceptual understanding of the three different subjects on river, civilization and change, an
overarching BIG (Beyond Information Given) question on “why does civilization begin at the mouth of a river?”
was put in place. Next, the various activities in the pre-trail, as well as during the trail were designed to scaffold
and to support the students’ inquiry-based learning process and their responses to this BIG question. First, the
pre-trail lesson on famous rivers in the world was a tune-in activity for theoretical understanding about the given
BIG question. The tune-in activity also enabled students in small groups to develop own line of inquiries relating
to the BIG question that they want to pursue during the unstructured learning activity (see Table 1) at the
Singapore River Trail.

Second, the outdoor learning trail includes both structured and unstructured learning activities. Structured
learning activities refers to the series of tasks designed a priori by the teachers and researchers whereas
unstructured learning activities refers to the inquiry tasks that students want to pursue, which were generated
during the pre-trail stage in class. To scaffold students’ meaning-making process in the structured learning
activities, trail activities were designed with a gradual progression from well-structured task-types (performative,
and applicational) to less-structured task-types (knowledge generative and synthesis) at the three learning stations
along the river (see Table 1 for a brief overview of the trail and task design). After completing all trail activities,
students in a small group of fours or fives were given thirty to forty minutes to pursue their own line of inquiry
(generated in the pre-trail phase) during the unstructured activity along the river vicinity.

Third, post-trail activities back in class were a measure for summary of learning, follow-up and debrief,
allowing groups to share their findings, and attempt a ‘rise-above’ phase of the progressive inquiry cycle of
knowledge building.

Table 1: Overview of Desired Learning Outcomes & Lesson Design from Pre-to-Post Trail

BIG Question: Why does Civilization begin at the mouth of a river?
Phase Desired Learning Outcomes Lesson Activities
Pre-trail Students should be able to: 1. List three famous rivers in the world, their
(in class) 1. develop group pre-trail inquiry and/ or common features and functionalities.
hypothesis relating to the big question. 2. Develop one group pre-trail inquiry/
2. draw connections to similar inquiries and hypothesis relating to the big Q on river and
hypotheses at the class level. civilization in the web-based platform.
3. provide constructive feedback on inquiries
and hypotheses presented by other groups.
Trail Structured Learning Activities in the Performative tasks
(Singapore | Learning Trail C1: Measure the river water conditions
River) 1. transfer skills and concepts acquired in the C2: Determine the location for ideal water
(Showing classroom to the outdoor learning conditions
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only the environment in the undertaking of Knowledge generative & synthesis tasks
learning performative task types. C3: Explain why location has ideal water
station 2. apply the integrated conceptual conditions
Clarke understanding of the three different subject C4: Discuss the importance of water quality
Quay) areas in the knowledge generative and
synthesis task types.
Unstructured Learning Activities in the Students in small groups pursue their own line
Learning Trail of inquiry in this unstructured learning activity
Students pursue their own pre-trail inquiry (30 min.), to investigate the pre-trail inquiry
leveraging on the physical affordances of the (i.e. the research questions they developed) and
technological tools and the learning the hypothesis (each pair in the small group of
environment. They are free to move around in four to five shares an iPad and data-logger).
the vicinity of the river site
Post-trail 1. Identify new ideas/ concepts developed 1. Class session where students share their
(in class) (during the unstructured learning activity) collated findings and new concepts
relating to the big question. developed in response to the big question.
2. Synthesize and evaluate findings (pre-trail 2. Students attempt a rise above to the big
inquiry and trail tasks) in response to the big question in the knowledge forum, identify
question. new knowledge and concepts and advance
their ideas at the class level.

Technology mediation

As an initial study to investigate students’ use of knowledge resource types and environmental interaction, the
deployment of mobile technologies is intended to empower students to pursue their own line of inquiries, creating
their own content with peers on an outdoor learning trail. Each small groups of four to five, was equipped with
two iPads and two data-loggers and probes (to measure the water condition). And to reduce the physical presence
of the teacher and frontal loading of information, all trail activities were hosted on the web-based platform (see
Figure 1). Students were also able to host all their findings and collated artifacts (pictures, data, etc.) on the web-
based platform. The provision of the broadcast alerts and feedback features seek to enable immediacy of teacher
facilitation and inter-group communication during the learning trail.

SQUARE

RUMBS o quastion astion bagin st th r ]

Figure 1. Web-based platform hosting all trail
activities and customized Google map of trail
site

Figure 2. Well-structured task on measuring water
conditions at three different sections of the river

Data collection and analytic approach
To examine more closely the use of knowledge resource types and the interaction with the physical environment,
we observed two groups of students from each of the two classes. Group A consists of four students and Group B
with five students. Group discourse and interaction was video- and audio-recorded and transcribed (appx. 38 pages
in total) for analysis. Excluding non-task talk and the sporadic private conversations, we analyzed a total of 113
segments of content- and task-related statements (questions statements inclusive) in the group’s discourse. Chi
(1997) proposes the use of semantic boundaries to determine the unit of analysis as an idea may require a few
sentences to put across. Moreover, similar ideas could be surfaced several times by team members who are more
vocal. Hence, each of the 113 segments forms an unit of analysis and may contain one or more than one statements/
question statements depending on the discussion threads, ideas and turn of talks.

In this paper, we focus mainly on how small groups used a range of different knowledge resources types
in the unstructured activity, pursuing their inquiries and hypothesis. For discourse analysis, we adapted the coding
scheme from Fischer and Mandl’s (2005) study where they investigated the knowledge resource types learners
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use in the group discourse. Table 2 shows the various categories of knowledge resources defined in this study,
considering the outdoor learning context and the curriculum design for our research study. First, we define
Contextual Resources (CR) as a type of knowledge resource made available at the pre-trail activities, the
overarching Big Question, as well as, the trail activities that provide students with the contextual information.
Second, New Conceptual Resources (NCR) is defined as a type of knowledge resource that integrates the
conceptual understanding of the three subjects, Biology, Geography and History and Biology on river, civilization
and change, explicitly covered in the textbook. Lastly, Prior Knowledge Resources (PKR) refers to a theoretical
concept not covered in the textbook. We also examined (a) the relations between contextual resources and new
conceptual resources (CR & NCR), and (b) the relations between contextual resources and prior knowledge
resources (CR & PKR). The relation between new conceptual resources and prior knowledge resources was not
examined, as these two types of resources are mutually exclusive.

Table 2: Coding Categories of Content Dimension (adapted from Fischer & Mandl, 2005)

Content Dimension

Categories of Knowledge Descriptor and Sample Statements from Group Discourse

Resources

Contextual Resources (CR) Statement and question statement that explicitly refer to the contextual
information related to the pre-trail activities, the BIG Question, as well as
the trail activities at the trail site
e.g., “...move the port because it was very polluted”

New Conceptual Resources Statement and question statement that refer to the integrated conceptual

(NCR) understanding of the three subjects, arising from interaction with the
physical affordances of the trail site.
e.g., “...so he (The prime minister) decided to make it into a commercial,
residential and entertainment precinct.”

Prior Knowledge Resources Statement and question statement that make explicit reference to a

(PKR) theoretical concept, not included in the theory text (also could be activated

owing to the interaction with the physical affordances of the trail site)

e.g., “Our country saw that trading would not boost the economy”.
Relations between Contextual Statement and question statement that link a theoretical concept within the
Resources & New Conceptual | theory text to the contextual information

Resources (CR & NCR) e.g., “no the trading port wasn’t removed. It was replaced, it was replaced to
make way for tourist attractions and others.”

Relations between Contextual Statement and question statement that link theoretical concepts not in the
Resources & Prior Knowledge | theory text to the contextual information

Resources (CR & PKR) e.g., “It is because that time when they needed foreign talents...”

Findings

This section addresses the aforementioned research inquiry. We shall begin with RQ1 - presenting the findings of
the knowledge resource types both groups used in the unstructured activity on an outdoor learning trail, before
proceeding to RQ 2 - discussing the findings on students’ interaction with the environment and use of the
knowledge resources.

A comparison of the frequency of knowledge resource types used

Figure 3 shows the frequency of the range of knowledge resources for group A and group B. Both groups showed
higher use of contextual resources as compared to other knowledge resource types. Another noteworthy finding
is that students were able to develop new conceptual resources by harnessing contextual resources. They were
also able to draw connections between contextual resources and new conceptual resources in their interaction with
the physical environment.

One distinguished difference between both groups lies in both the activation and application of prior
knowledge resources. Group B generated higher number of statements (question statements inclusive), showing
use of prior conceptual knowledge resource than Group A did (see Figure 3). We also attribute this phenomenon
to the nature of pre-trail inquiry generated by each group. Group B’s pre-trail inquiry focused on the “timing of
the clean river campaign in the 1980s” and they hypothesized that some significant events could possibly explain
the occurrence of the clean river campaign. Contextual resources drawing on the structured activities were
insufficient for their line of inquiry. Likewise, student’s capacity to develop and affirm new conceptual resources
and/ or see relations between these resource types became unwittingly contained within the availability and
accessibility of the resources available at the learning trail. Analysis of the discourse moves in Group B’s

ICLS 2016 Proceedings 749 © ISLS



discussion and field notes showed them making reference to significant events and developments in Singapore
during the researched period. They had to affirm these inferences with authoritative sources on the Internet, before
they could eventually construct new meanings and advanced existing prior knowledge. Conversely, Group A’s
pre-trail inquiry on “what happened to the Singapore River as a trading point, and why it was removed and what
is it now?” afforded them greater leverage on contextual resources and the physical affordances of the river site
to affirm their new conceptual resources, and to draw valid inferences between contextual and new conceptual
resources.

30 N GroupA H Group B
25

20
15

10

Number of Statements

CR NCR CR& PKR CR&
NCR PKR
Knowledge Resource Types

Figure 3. Frequency of Knowledge Resource Types Used in Group Discourse.

Note: CR= Contextual Resources, NCR= New Conceptual Resources, CR & NCR = Relations between Contextual Resources
and New Conceptual Resources, PKR = Prior Knowledge Resources, CR & PKR = Relations between Contextual Resources
& Prior Knowledge Resources.

Environmental interaction and use of knowledge resources

Relationship between contextual resources and new conceptual resources

By positioning the outdoor learning trail as an integral part of the formal curriculum, the pre-trail activities in the
classroom and the structured activities form a significant repository of contextual resources. The provision of pre-
trail tune-in activities on famous rivers and the introduction of the BIG question on “Why civilization start at the
mouth of a river” are both critical platforms for students to generate their line of inquiry and hypothesis that they
intended to pursue during the unstructured learning activity. Albeit that the eight groups from the two classes
formulated varied inquiries and hypothesis, yet their intended research inquiries fall within the parameters of the
BIG question and the integrated conceptual understanding of the three different subject areas on river, civilization
and change. Contextual resources were instrumental for the development of new conceptual resources.

Structured trail activities ranging from well-structured tasks on measuring water conditions to ill-
structured tasks on the importance of water quality also form a critical component of the contextual knowledge
resources students could use during the unstructured activity where they pursued their own line of inquiry. Figure
3 shows a high usage of contextual resources in contrast to other knowledge resource types. Another reason is the
immediacy of contextual resources (trail activities took place prior to the unstructured activity) and the
“currentness” of the interaction with the learning environment where learners are empowered to develop new
conceptual resources and draw sound relations between contextual resources and their new conceptual
understanding (see Excerpt 1).

The structured trail activities significantly reduced the “cognitive novelty” as exemplified in the works
of Orion and Hofstein (1994). As evident in Group A’s discourse, contextual resources on water quality led to the
development of new conceptual resources on sedimentation and pollution. Apart from leveraging contextual
resources on water quality, environmental interaction was key to the use of contextual resources and the
development of new conceptual resources. Students were able to attach new meanings to the context and construct
new knowledge and concepts arising from tourism, boats and pollution. The provision of pre-trail activities and
the structured activities in the outdoor learning trail enhances the environmental interaction.
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Excerpt 1: Group A’s discussion on transforming Singapore River from a trading port to touristic site

Student Statement Coding Category
Student C | No, no, the trading port wasn’t removed. It was replaced..it was replaced to | CR & NCR
make way for tourist attractions and others.

Student G | There’s more pollution around the sedimentation...this area because of the... | NCR
Student K | I thought there’s more pollution on the other side. CR & NCR
Student G | There should be more here because there’s a lot of ... boats CR & NCR

Student C | There are more tourists around here, so //the boat has to ferry more.

Relationship between contextual resources and prior knowledge resources

Students’ capacity to draw valid inferences is largely contingent on the environmental interaction to make sense
of the contextual resources and prior knowledge resources. Interaction with the physical features of the
environment enabled them to activate and concretize prior knowledge during the meaning-making process. This
is evident in the discourse (see excerpt 2) between students E and G, as well as students T and E where the group
re-contextualised and reinterpreted the surrounds of the Singapore River: they were able to attach new values and
meanings to the objects and the features (Pachler, 2009). Next, the activation of prior knowledge resources and
the application of contextual resources enabled the students to see the relations between the two types of
knowledge resources, as shown in the discourse moves: student E surfaced the vanishing trade of the street
hawkers and the plan for more expensive tenants; student Y further advanced this knowledge with his prior
knowledge on location, the use of land and the price of land (see excerpt 2).

Excerpt 2: Group B surfacing possible reasons for relocating the port in the clean river campaign

Student Statement Coding Category
Student E | Oh because Pasir Panjang had new modern facilities. So they decided to | PKR

relocate the cargo services.
Student G | Near my house, near the west.
Student T | Then what happened to the port here? PKR
Student E | And also, they renovate the place. So that ... so that there will be a better
Student T | tenant ‘cos it’s a very modern thing.

Student E | Because at that time, there were a lot of street hawkers, so then, they CR & PKR
decided to have people who are good at art ... more expensive tenants. So
they decided to conserve it and organize the place. Get it?

Student Y | The basic is that they are trying to raise the price of the land? CR & PKR

However, the scope and subject matter of the various groups’ inquiries do determine to a considerable measure
the knowledge resources types they were inclined to use in their group discourse. Group B activated more prior
knowledge resources to make valid inferences to their inquiries, as illustrated in Figure 3. Further, in the absence
of the physical presence of teachers, Group B made use of the authoritative sources via the Internet to affirm their
prior knowledge resources relating to the contextual resources and to draw new inferences. Environmental
interaction such as the location mapping and navigational possibilities (e.g., bearings, distance and scale etc. ) has
given them greater agency to test their hypothesis about the clean river campaign and possible significant events.
They were able to locate environmental artifacts as evidences to support their hypotheses and affirm findings.

Discussion and conclusion

This research study reports our initial efforts to explore students’ use of different knowledge resources and the
relationship of the knowledge resources on an outdoor learning trail. We positioned the outdoor learning trail as
part of the formal curriculum (pre-to-post trail) and provided an unstructured activity during outdoor learning trail
to investigate students’ use of knowledge resources.

Overall findings showed that students leverage heavily on contextual knowledge resources to negotiate
meanings, to create new knowledge and affirm findings to their pre-trail inquiries. Also, students were able to
develop new conceptual resources and apply prior knowledge resources due to their physical interaction with the
trail site. This is evident from a number of their utterances where a particular place(s) and/or significant national
event(s) form their frames of reference in making inferences and drawing connections between different resource
types. Students were able to concretize knowledge and concepts owing to the immediacy and currentness of
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interaction with the rich physical affordances to re-contextualize and to re-interpret contextual and prior
knowledge resource.

Our findings carry two important implications on the value of outdoor learning in facilitating the
acquisition of knowledge and skills. First, the cognitive, psychological and geographical novelty can be
significantly reduced by means of “sufficient” provision of contextual resources. The staging of the learning
continuum from pre-to-post trail was a pivotal measure to facilitate the execution of the unstructured learning
activity and to provide learners with the contextual knowledge resources. The rich integration of the three subject
areas in the design of the trail activities and the framing of the BIG question on civilization and river, serve as
crucial cognitive support for the learners. Second, “sufficient” contextual resources are necessary for students to
interact with the environment meaningfully to develop new knowledge and concepts.

Although we witnessed some promising results in this initial research study on learners’ use of
knowledge resources in unstructured learning activities, we acknowledge that there could be limitations such as
the integration of other disciplines whose cultural and social practices differ with changing learning contexts.
Future research needs to examine how the availability and accessibility of these knowledge resource types works
for other disciplines and pedagogical innovations in different learning setting. However, we are persuaded we can
equip our students with the necessary knowledge base for harnessing the affordances of outdoor learning.
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Abstract: We show that not only the number of fractions representations but also the way how
students interact with (multiple) representations is important for their conceptual understanding
of fractions. We found that a combination of students’ constructive and active interaction (e.g.,
manipulating and constructing representations) with multiple fractions representations as
compared to students’ active interaction (e.g., looking at representations) with multiple
representations leads to higher conceptual knowledge measured by students’ ability to flexibly
represent a fraction. Furthermore, students’ representational flexibility was correlated with their
general learning performance when students’ interacted constructively and actively with
representations but not when they interacted only actively with representations. In line with the
ICAP-framework we conclude that active interactions trigger more intensively attending
processes whereas constructive interactions trigger more intensively creating processes and are
thus superior to the first kind of students’ cognitive engagement with multiple representations.

Keywords: representational flexibility, fractions, learning with representations, active interaction,
constructive interaction

'T ain't what you do it's the way that you do it
'T ain't what you do it's the way that you do it
'T ain't what you do it's the way that you do it
That's what gets results
(Melvin "Sy" Oliver and James "Trummy" Young, 1939).

Introduction
In various mathematical domains representations (such as diagrams) of a concept have, for some time, shown that
they are powerful aids to reasoning and problem solving (e.g. Cox, 1997, Larkin & Simon, 1987, Stenning, 2002).
More specifically, in the domain of fractions many studies show that learning with multiple representations
supports students’ conceptual knowledge (Charalambous & Pitta-Pantazi, 2007, Lamon, 2012, Liu, Xin & Li,
2011, Rau, Aleven, & Rummel, 2013, Zhang, Clements & Ellerton, 2014). In fact, learning with multiple
representations allows students to deal with different interpretations and variations of fractions which in turn
supports them to understand the complex nature of fractions learning (Lesh, Post, & Behr, 1987, Silver 1983,
Hansen & Mavrikis, 2015). In contrast, an over-reliance on only one representation as for example the area
representation might impede students’ understanding of improper fractions as the number of partitions cannot be
exceeded within this kind of representation (Charalambous, Delaney, Hsu & Mesa, 2010, Smith, 2002).
Nevertheless, research on fraction learning also highlights that simply exposing students to a high number
of multiple representations alone is not sufficient as it does not necessarily lead to students’ flexible knowledge
(e.g., Ainsworth, Bibby, Wood, 1998, Rau, Aleven & Rummel, 2009). In other words, not only the number of
fractions representations has an impact but also the way how students interact with multiple representation has an
impact on their conceptual knowledge. In order to benefit from learning with multiple graphical representations
it has been argued that students need to perform cognitive tasks (de Jong et al., 1998) such as making connections
between different representations (Ainsworth, 1999, Tabachneck, Leonardo, & Simon, 1994) by identifying
differences and commonalities between them. For this, students need to be able to construct and manipulate
multiple fractions representations by themselves rather than passively looking at (i.e., being exposed to) multiple
representations. Further support for this conclusion comes from the ICAP-framework (Chi, 2009, Chi & Wiley,
2014) that aligns different ways of students’ interaction (i.e., interactive > constructive > active > passive
activities) to different levels of students’ cognitive engagement which in turn have differential effects on students’
learning. Through the lens of the ICAP-framework, constructing and manipulating multiple fractions
representations display constructive interactions with representations whereas looking at multiple representations
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display active interactions. Because constructive interactions trigger creating processes and inference of new
knowledge they are more beneficial for learning as compared to active interactions with multiple fractions
representation that trigger only attending processes.

As in line with Chi’s work the higher level of interaction (i.e., constructive) encompasses the lower level
of interaction (i.e., active) we hypothesize that students engaging in a combination of constructive and active
interactions with multiple representations gain more conceptual knowledge as compared to students engaging only
in active interactions with multiple representations in a fractions learning platform. Conceptual knowledge here
is defined through one of its core components, that is, a students’ ability to flexibly represent (or externalise) a
concept of a fraction in many different ways (Deliyianni et al, 2008, Lesh, Post, & Behr, 1987). In addition, we
investigate how this specific facet of conceptual knowledge is linked to students’ general fractions knowledge as
this link might give first hints about students’ understanding of different interpretations and variations of fractions.

Method

In order to test our hypothesis, we conducted a quasi-experimental study in England, which was embedded in the
larger research project called iTalk2Learn (www.italk2learn.eu). We implemented two experimental conditions
with 8-10 year old students from Years 4 and 5. In the first condition students (N =62) were enabled to engage in
a combination of students’ constructive and active interactions with multiple representations in the learning
platform. In the second condition students (N =65) were enabled to engage in only active interactions with multiple
representations in (another version of) the learning platform.

Measures

Representational flexibility

In order to measure students’ representational flexibility - a core facet of conceptual knowledge - we administered
a paper-based pretest and posttest. Both tests required students to write or draw as many ways as they could to
show ‘one third’. To code the paper-based data as a first step we skimmed through all tests in order to identify
which representations students actually generated (see Table 1). Due to the high number of different
representations and equivalents of one third, we determined an anchor example for each of the representations and
thus ensured correct coding. For each identified representation we coded with 1 point. In cases where students
showed more than one example of the same representation (e.g. two circles showing one third or several different
symbols showing fractions equivalent to one third) we counted it only once. Across all representations we built a
sum score for the pretest and for the posttest.

Table 1. List of students' representations to show one third

e horizontal rectangle (i.e. e triangle e percentage equivalent
rectangle split horizontally) e irregular shape e ratio

e horizontal rectangle equivalent e  3d figure e giving 1/3 of a number

e vertical rectangle e symbol e giving an addition

e vertical rectangle equivalent e equivalent fraction symbol e  giving a subtraction

e partitioned rectangle e comparing one third with e explanation or phase

e square another fraction e  stating one third is dividing by

e other rectangle e number line three

e circle e number line equivalent e stating/showing one third is

e partitioned circle e jug one out of three

e pizza o set e showing how one third can be

e cake e cquivalent set made up to one whole

e chocolate bar e clock/time other (e.g. Ferris wheel)

e oval e decimal equivalent

Learning performance

As we additionally aimed to investigate the link between students’ representational flexibility and their general
learning performance we referred to the online pretest and posttest reported in Rummel and colleagues (2016).
The online pretest and posttest was concerned with measuring students’ procedural and conceptual fraction
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knowledge. The test comprised six fractions items including three procedurally-oriented and three conceptually-
oriented items. In total students could attain six points as they received one point for each correct answer.

circle C “'_ E
\ / o ne ‘th i rd Verticalrectangle

e SRR
qr“, \'| "J ? ?

- 3 . _"l' 'h: :L_.‘_ I"')M.—:
set ) -
symbol
— J \ A\
number line ok Ly
122 ;lm{,tkc. ¥ . horizontal rectangle
0O 7)5 292 [not categorised]
- . decimal equivalent |
2N k. « AN ;o s
— | l < e \\\ ) / é___ﬁ ey
B v 3T

= comparison
liquid measures

Figure 1. A completed paper-based task to measure students’ representational flexibility. Pencil is used
pretest and pen is used posttest.

Study procedure

Across both conditions the procedure of the study was the same. In each 90-minute session including breaks
involving around 15 students for whom full permissions had been gained. In the first ten minutes, students were
introduced to the study and the platform. The students were then asked to spend two minutes completing the
paper-based task measuring their representational flexibility about one third, and a further ten minutes filling out
the online measures that included students general learning performance (i.e., the procedural and conceptual
fraction knowledge questions). In dependence of the conditions, students then had 40 minutes to interact either
constructively and actively with multiple representations or to actively interact with multiple representations
within (two different versions) of the platform (see section below). After this period students were again provided
with the paper-based 'show one third' task measuring their representational flexibility. This time the experimenter
asked them to add further representations or to amend the previously designed representations by prompting
students to use a pen of another colour. Finally, students had in total 20 minutes time to answer the online measures
including the fraction knowledge test (i.e., learning performance).

The learning platform

In line with our two experimental conditions students interacted with different versions of the learning platform.
Each version of the platform comprises different kinds of students’ learning activities (i.e. exploratory and
structured learning activities) that provide two different levels of students’ cognitive engagement with multiple
representations. In fact, when students engage in the exploratory learning activities they are enabled to
constructively engage with multiple representations. On the contrary, when students engage in structured learning
activities they are enabled to engage actively with multiple representations. For condition 1 (see Table 2), the
learning platform included a combination of exploratory activities within an exploratory learning environment
(Fractions Lab) and structured activities within a structured environment (Maths-Whizz) and thus enabled students
to constructively and actively interact with multiple representations. To ensure students experienced an
appropriate amount of both structured and exploratory learning activities (i.e., constructive and active interaction
with representations) the platform essentially switched between both learning environments. Details about the
pedagogical rationale regarding how these two environments are combined is explained by Mazziotti and
colleagues (2015). For condition 2, the learning platform included structured activities in a structured learning
environment (Maths-Whizz) only and thus allowed students to actively interact with multiple representations.
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Table 2. Outline of the conditions

Condition 1 Condition 2
Exploratory and structured learning activities Structured learning activities only
Fractions Lab and Maths-Whizz combined Maths-Whizz only
Constructive and active interaction with multiple Active interaction with multiple representations
representations

Exploratory learning environment: Fractions Lab

Fractions Lab (FL) (fractionslab.lkl.ac.uk) is an exploratory learning environment that was designed and
developed as part of the aforementioned iTalk2Learn project. Within the platform it enables students, receiving
intelligent feedback, to discover and explore the underlying concepts of fractions by allowing them to
constructively create and manipulate fractions representations in the form of sets of objects (small stars, hearts
and moons), area (rectangles), number line and liquid measures (a jug) (see Figure 2).
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Figure 2. Fractions Lab showing all the representations (number line, horizontal rectangle, vertical rectangle,
sets and jug) available to students.

One design feature of Fractions Lab involved the necessity of students to be involved in manipulating
the fractions representations and thus to constructively interact with them by completing tasks within the
environment. Indeed, students can constructively interact with each of the representations by choosing a
representation to use (which is either stipulated within the task or chosen by the student), creating the required
fraction(s) and then manipulating the representation(s) by using tools to compare, find equivalents, add or subtract
and to partition fractions. For example, by using the partition tool that was designed to encourage understanding
of equivalence (Hansen, Mavrikis, Holmes & Geraniou, 2015) students are enabled to constructively think about
the relationships within and between equivalent fractions. The constructive use of the partitioning tool is shown
in Figure 3.

Figure 3. The way how students can interact with representations in condition 1 by using Fractions Lab partition
tool. 3/5 in a rectangle, partitioned three times and aligned with the fraction symbol to reflect the new fraction
name as the number of partitions changes.

Structured environment: Maths-Whizz

Maths-Whizz is a commercial web-based tutoring system for learning fractions (www.whizz.com) that enables
students to actively interact with fractions representations (see Figure 4). Focusing mainly on real-world
applications of mathematics, each fractions structured learning activity typically provides a short step-by-step
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lesson on how to complete questions and then the student is required to complete further questions independently.
Feedback is provided in the form of animations for correct answers and hints for incorrect answers. Because the
task context is related to familiar contexts, over 20 representations of fractions are included. For example, it
includes sections of a Ferris wheel or chocolate bars (for area representations), ducks swimming on a lake or
matches in a box (for sets representations), a train moving along a track or a fairground strength striker game that
rings a bell at the top (for number line representations) and comparing liquid or pouring small balls in containers
(for liquid measures).

Figure 4. An example of a Maths-Whizz task within the platform. Students are required to select the correct
answer from the list on the right after watching an animation of part of the pizza being eaten.

Results

In line with our hypothesis, we first report about the comparisons between students who engaged in both
constructive and active interactions (condition 1) and students who only engaged in active interactions (condition
2) with the learning platform. We then outline how students’ representational flexibility is linked to students’
general learning performance.

Comparing students’ representational flexibility

In order to test our hypothesis, we calculated a repeated measures analysis of variance with time of measurement
as the within-subjects factor and condition as the between-subjects factor. The repeated measures analysis of
variance showed three significant effects (i.e., two main effects and one interaction effect) on the number of
representations students used to create one third. First, it showed a significant effect of time of measurement, F'
(1, 125)=250.280, p < .000, ny; =.665: Students in both conditions gained representational flexibility from pretest
to posttest. The second significant effect is the effect of the condition F(1,125) = 5.083, p < .026, n;; = .039.
Students who constructively and actively interacted with multiple representations reached a higher number of
representations generated in the posttest as compared to students who actively interacted with multiple
representations. In line with our hypothesis students from condition 1 did not only reach a higher number of
representations in the posttest but as the interaction effect of time of measurement and conditions shows they also
gain a higher representational flexibility, F(1,125) = 10.271, p <.002, n;, = .075. Means and standard deviations
of both conditions are illustrated in Table 3.

Table 3. Representational flexibility for showing one third

Pretest Posttest Flexibility
M (SD) M (SD) M (SD)
C1 Constructive and 3.16 (1.43) 5.55(1.83) 2.39 (1.26)
Active Interaction (N=62)
C2 Active Interaction 2.91 (1.55) 4.49 (2.21) 1.58 (1.56)
(N=65)

ICLS 2016 Proceedings 757 © ISLS



Link between representational flexibility and learning performance

We additionally investigated whether students’ ability to flexibly represent a fraction correlates with students’
learning performance in dependence of the respective condition. In line with our assumption we found a significant
moderate correlation between the number of representations students generated in the posttest and students’
general learning performance in condition 1 ( (60)=.436, p=.000). In fact, the more different representations of
one third the students created the higher is their learning outcome or vice versa. However, in condition 2 we did
not find a significant correlation between the number of representations students generated and their general
learning performance (r (60)=.169, p=.196). (Different sample sizes are due to technical issues with some of the
online posttests measuring students’learning performance).

Discussion and outlook

It ain't what you do ... The domain of fractions is an essential (Siegler et al., 2012) but highly complex
(Charalambous & Pitta-Pantazi, 2007) area of elementary mathematics. Much research has demonstrated that
using multiple representations enhances students' mathematical knowledge and our results concur, with all
students increasing the number of representations they generated to demonstrate one third from pretest to posttest.
However, when we differentiate between the two experimental conditions our findings also add to the growing
body of literature demonstrating that it is not just the number of fractions representations matters, but also the way
in which students interact with multiple representations.

It's the way that you do it ... We were able to confirm our hypothesis that students interacting
constructively and actively with multiple representations increases students’ representational flexibility. Indeed,
students from condition 1 as compared to students from condition 2 generated a higher number of representations
in the posttest and also reached a higher gain from pretest to posttest as both effects — effect of condition and
interaction effect — were significant. In line with Chi (2009) it appears that the constructive (and active) interaction
with multiple representations in condition 1 enhanced students’ creating processes such as inferring new
knowledge about how to construct a representation which in turn supported students’ representational flexibility.

We do not exclude the argument that not only the way students interacted with multiple representations
was decisive for their representational flexibility but also the different kinds of learning activities (exploratory
learning and structured learning activities) within the different types of learning environments (i.e., FL and Maths-
Whizz). In order to be able to conclude more precisely that (only) students’ way to interact with representations
had an impact on their representational flexibility we propose to use the same learning environment for students’
constructive and active interaction with multiple representations (for future research). Nevertheless, by using
representational flexibility and not students’ general learning performance as (main) dependent measure we
specifically pointed students’ attention to representations.

The superiority of constructive and active interaction with multiple graphical representations over active
interaction is even more relevant when we consider that condition 1 students were exposed to fewer
representations (and not exactly the same but the same type of representations). It might be that the fewer number
of representations allowed condition 1 students to interact more often with the same representations which in turn
helped them to become more familiar and more proficient with this lower number of representation over the
learning time as compared to condition 2 students interacting with the higher number of representations. Being
more proficient with the representations in turn enabled condition 1 students to recall the representations more
effectively during the posttest measuring for representational flexibility.

That's what gets results.... We were further able to show a significant correlation between the number of
representations students generated in the posttest and students’ general learning performance in condition 1:
Because condition 1 students were enabled to construct and manipulate multiple fractions representations by
themselves rather than passively looking at multiple representations (cf. condition 2) they might have been able
to identify commonalities across and differences between different representations (Ainsworth, 1999,
Tabachneck, Leonardo, & Simon, 1994) which in turn helped them to extract core components of the
representations and the respective interpretation of fractions. Having extracted core components of representations
allowed condition 1 students to flexibly apply these components during the general learning performance test.
This result once again highlights the importance of interacting constructively with representations, particularly as
the correlation between the number of representations students developed in the posttest and the learning
performance test was not significant in condition 2.

In order to further unpack students’ interaction with multiple representations we plan to conduct an in-
depth analysis of our log data and aim to address a series of follow-up questions: With how many different
representations did students actually interact with during the learning time in condition 1 and 2? Did students
generate the representations they have experienced during the learning time or did they generate completely
different representations? Did students tend to engage more intensively in developing equivalent fractions of one
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third or did they generate more representations of one third? How was the quality of the representations generated
prior to learning with as compared to the quality of representations generated after learning with the platform?

As Suthers (2001) outlines how the choice of a representation can influence an individual's conception
(of a problem or task), we further aim to investigate whether students from condition 1 have had a preferred
representation when they engaged in an exploratory learning activity. And finally, did the preference depend on
students’ prior knowledge?
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Abstract: The fragility and (un)sustainability of pedagogical innovations is a major theme in
the education literature. This study was guided by the theoretical framework that sustainable
change requires sustained and aligned learning at multiple levels of the education system, and
that greater scale in the innovation affords peer learning at multiple levels. It investigates the
sustainability of three e-learning pilot projects in Hong Kong by studying the changes, if any,
in (1) the e-learning pedagogical practices (the innovation) that was developed, and (2) the
“architecture for learning” that was put into place at multiple levels in order to steer and
implement the project, within the first school year after the formal 3-year funding ended. The
findings indicate that the nature of the innovation as envisioned and the architecture for learning
that was put into place in each project were critical in determining the subsequent sustainability
of the projects.

Keywords: architecture for learning, sustainability, learning innovation, multilevel alignment, self-
organized learning

Introduction

Since the end of the last millennium, many countries have launched masterplans/strategies for ICT in education
as an integral part of aligning the school curriculum with the demands on education for the 21 century (e.g.
Denmark 1997; Singapore 1997, 2008; Hong Kong 2004, 2007; Finland 2000; Korea 2000; US Department of
Education 2010). To realize the “transformative” potential of ICT to support learning requires the redesigning of
teaching and learning activities, which implies a change in the educational markets being served because of the
new goals and processes targeted (Oblinger & Hawkins, 2006). On the other hand, computers in schools were
found to be “oversold and underused” (Cuban, 2001), and that even when they are used, they have no significant
impact on learning outcomes. Collins and Halverson (2009) conclude from their examinations of the apparent
lack of impact of ICT use on publicly funded schooling is the intrinsically conservative culture of schools.

This lack of change is exemplified in SITES 2006, a study conducted in 22 educational systems around
the world (Law, Pelgrum, & Plomp 2008). While there was a marked increase in reported ICT use in Hong Kong
schools SITES 2006 (data collection during 2005/2006) compared to the SITES M1 survey of schools in 1998
(Pelgrum & Anderson, 1999), it was also found that ICT use made little impact on the predominantly traditional
ways of teaching in schools. The PISA 2009 results on digital reading (OECD 2011) show that of the 19 countries
participating in the study, the Hong Kong results were an exception in performing significantly lower in digital
reading than in print. Further, in comparing the digital reading scores between students who used a computer at
school and those who did not, Hong Kong’s results showed no statistical difference while the mean results of the
15 participating OECD countries were significantly higher for the former. The ICILS 2013 results showed Hong
Kong students to have the lowest computer and information literacy mean score among all participating
economically developed education systems (Law, Yuen and Lee, 2015a). These findings indicate that pedagogical
integration of ICT in Hong Kong schools has not achieved the targeted transformative goals.

Hong Kong launched its first ICT in Education Strategy in 1998. In-depth case studies conducted in 1999
and 2002 on how schools and teachers in Hong Kong have constructed their ICT-using pedagogical practices
(Law et al., 2000; Kozma, 2003; Law, Yuen and Fox, 2011) show that even at this early stage, there were some
very innovative pedagogical practices involving deep changes in the roles of the teachers and students. Why is
that these innovative characteristics are still not commonplace in Hong Kong more than one and a half decades
on? This result is not surprising if one look at the literature on school change and innovation, which highlights
that sustainability and scalability of educational innovations are the most challenging (e.g. Kozma, 2003; Looi
and Teh, 2015). One common starting point of innovations is an externally funded project supported by a
government incentive or a design-based research program. The sustainability of these innovations when the
fundings end is one major challenge to the impact of these projects. This study is designed as an in-depth
investigation of what actually took place in some schools involved in a three-year, government funded e-learning
pilot project after the funding period ended to gain further insight into the problem.
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Scalability of pedagogical innovations

The biggest challenge to educational reforms or innovations is not to get them initiated or for these efforts to
achieve targeted, observable success, but for them to be sustained and scaled. For more than a decade, education
researchers have pointed to the complex nature of educational change and sought insight from ecological studies
(Hargreaves, 2003; Davis, 2008; Davis and Sumara, 2008). Most of these studies use ecosystems as a metaphor
for understanding the multilevel interdependencies inherent in educational change, drawing analogy from change
in diverse domains such as climate change and stock markets to illustrate the strong similarity across different
forms of complex phenomena: change is non-linear, dynamic and involve nested hierarchies of self-similar
structures. Likewise, classrooms are nested within schools, which are in turn nested within districts, provinces,
and larger systems. There is complexity at each level and the timescales for change are possibility different at
different levels. Complex systems are characterized by the presence of many different feedback loops and
interactions such that there is no simple causal relationship. Diffusion models of change (e.g., Rogers 2010)
implicitly assume the scaling up of innovations as replication or spreading of successful change. Such relatively
linear models are inadequate for explaining or guiding the scaling up of innovations that require the creative input
of so called “adopters”.

Based on a complex system model of educational change, Coburn (2003) argues that scale does not refer
simply to numbers, and put forward a four-dimensional model of scalability (depth, sustainability, spread and
shift) that is underpinned by the perspective that the nature of what is being numerically scaled matters, and that
the nature of the innovation inevitably change during the process of scaling. Clarke and Dede’s (2009) extension
of this model to include a fifth dimension, evolution, further highlighted the dynamic nature of innovations during
the process of scaling.

Innovations imply changing practices, which require negotiation of meaning among those involved or
affected by the change, through interactions in designed and lived organizations (Wenger, 1998). In an
implementation study of a new mathematics curriculum in two urban school districts, Stein and Coburn (2008)
found that the district designed structure and the nature of cross-community interactions play a very important
role in mediating the teachers’ opportunities to learn through negotiation of meaning and practice related
decisions. Where organizational structures and mechanisms were made available for teachers to make sense of
and to align with the reform goals (referred to as architectures for learning), much greater ownership and
curriculum reform success were observed.

Case studies of ICT-enabled pedagogical innovations grounded on dynamic, complex system models of
change found that an important condition for scalability is the presence of supportive architectures for learning
(i.e., structure and mechanism for communication, collaboration and mutual influence) (Law, Yuen and Fox 2011;
Penuel et al., 2011; Law, Kampylis and Punie 2013). In fact, “structures of participation” that facilitate interactions
and learning around an innovation need not be specifically designed for the innovation. Pre-existing communities
of practice and a culture of open exploration and collaboration could serve as very effective formal and informal
architectures for learning. Finnish innovation cases were found to have much higher sustainability than the Hong
Kong cases collected in the SITES M2 study because teachers in the Finnish cases were highly connected through
joint-school online collaboration platforms and organizational mechanisms for online and face-to-face meetings
(Law, Kankanranta and Chow, 2005).

Multilevel, multi-scale framework for analyzing architecture for learning
Pedagogical practices in classrooms are nested within multiple levels of the education system and the wider
societal milieu, and scalability issues exist at each of these levels. The European Commission funded meta-study
of seven ICT-enabled learning innovations (Kampylis, Law and Punie, 2013) shows that scale matters for
scalability. Law, Yuen and Lee (2015b) argue that just as in biological ecosystems where the size of the habitat is
one important determinant of the carrying capacity of the habitat for a specific species (and hence its chance of
survival), the scale of a pedagogical innovation matters for its sustainability. The construction of highways often
pose threats to the sustainability of the existing ecology as the carrying capacity of the resulting isolated spaces
become much lower. One way to reduce the environmental impacts brought about by the construction of highways
is to construct underpasses that allow animals to circulate across these separate spaces. These underpasses provide
the architecture to reconnect these isolated spaces to re-constitute a much bigger carrying capacity. Similarly, for
architectures for learning to sustain pedagogical innovations, the architecture has to scaffold interactions and
participation not only across levels, but also across units at the same level to achieve some form of scale at each
level. They further put forward a multilevel, multi-scale framework for analyzing the architecture for learning in
technology-enhanced learning innovations:

1. Aligned learning needs to take place at multiple levels of the educational ecosystem in order that changes
can gain depth, spread, sustain, shift in change ownership and evolve.
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2. Just as peer-learning is found to be effective for supporting student learning and teacher professional
development, learning of school leaders, administrators and policy-makers can be fostered through
connected peer-learning within each of these levels within the educational ecosystem.

3. There are four important elements in the architecture for innovation-focused learning: organizational
structures that directs and guide interactions; mechanisms for sharing, interactions and decision-making;
artifacts that serve as reifications of outcomes of interactions to propagate decisions and advances in
understanding; and technology infrastructure that support communications, interactions and knowledge
management of individuals and communities.

4. Innovations that have better developed architectures that connect learning across levels and across units
would be more scalable in all five dimensions of scalability.

In this study, we adopt this multilevel, multi-scale model for the architecture of learning in the design of
our study to investigate whether the sustainability and scalability of the e-learning innovations after the end of the
project funding can be predicted and/or explained by the architecture of learning in these schools established in
connection with the pilot project.

Research context and method
In 2011, the Education Bureau (EDB) in Hong Kong launched a three-year e-learning Pilot Scheme (the Scheme)
in order to develop, try out and evaluate when and how e-Learning works best to bring about effective interactive
learning, self-directed learning, catering for learner diversity in different curriculum and school contexts in Hong
Kong (EDB, 2011). Altogether 21 pilot projects (61 schools in total) were funded; 9 were individual school
projects and 12 joint-school projects. The pilot schools had full autonomy to determine the project foci,
organization and implementation strategies, and great diversities were observed across the projects.

Two of the authors participated in a longitudinal evaluation of the e-learning pilot scheme (2011-14,
referred to here as Years 1-3). The present paper is part of a follow-up study (2014-16, referred to as Years 4-5)
to investigate what happens to the projects in the selected pilot schools after the end of the funding period, as well
as whether and how the architecture for learning in these pilot schools changed. In this paper, we report on our
findings in three of the pilot schools in the scheme. In order to take the effect of scale into account, the three
schools were all selected from joint-school pilot projects. In the context of the application and administration of
the e-learning pilot scheme, the EDB required all joint-school projects to identify a lead school that would take
key responsibility for the coordination, financial management and reporting of the project. Hence, the lead schools
are the de facto drivers of the projects during Years 1-3. All of the three selected schools reported in this paper
were the lead schools in their respective projects, which were all considered to have been satisfactorily completed.
Table 1 summarizes some basic information about these three schools and the e-learning pilot projects that they
led. The research team interviewed the principal, the project core team members and teachers participating in the
e-learning pilot at the beginning and at the end of each school year during Years 1 to 5. We also arrange for
classroom observation of one e-learning lesson through discussion and negotiation with the project team and the
participating schoolteachers, to gain a better understanding of the nature of the innovation developed. In the next
sections, we will first report on the observed development of each of the three projects during the pilot period,
and whether these were sustained or scaled. We will then describe in detail the architecture for learning in each
of these three schools at the project network and at the school levels during year 3 (at the end of the funding period,
the architecture for learning should be more mature compared to the earlier years if there had been changes) and
year 4, based on detailed analysis of the interview transcripts.

Table 1: Information about the three selected schools and their e-learning pilot projects

No. of schools in| Education Innovation focus School Sustainability | Sustainability
School . . . . :
project network |levels (yr 3) for project subjects (innovation) (network)
A 6 P1-P3 Tablets & e-resources | Chinese, Math v a2 X
B 5 S1-S2 e-writing platform English, Chinese X X
C 10 KS1-KS3 | Online platform (TPD) |Chinese & PSHE S A v A

Sustainability of the three case study schools one year on

The focus of School A’s pedagogical innovation as indicated on the project proposal was to foster students’ self-
directed learning ability and to cater for learner diversity through designing and developing e-learning tools on
tablets for the Chinese language curriculum in Primary grades 1 to 3. This pilot project involved six schools. In
Year 4, School A continued its practice of using tablets to deliver Chinese language learning activities for students
using the online learning platform developed. In fact, the school scaled the Chinese language e-learning activities
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to grade 4, and further developed the self-directed learning functionalities of the e-learning platform using the
remaining funds from the Project. As the principal mentioned, the goal was to implement e-learning in all school
subjects using the online platform for students in all grade levels in the school. At the project level, however,
sustainability of the innovation could not be observed in the other five partner schools. Each of the other schools
had its own e-learning plan and the network no longer existed.

The pilot project led by School B focused on developing an online writing platform to raise students’
interest on writing and to improve their writing skill. A major deliverable from the project was the e-writing
platform that provides several supportive tools such as a mind-map to help students organize their ideas, and
interaction support functions for sharing and peer assessment. It was expected that with the tools in place, students
would be able to practice their writing by themselves and with peers. The project team’s focus over the three pilot
years was to work with the software company contracted to develop and refine the e-writing platform to ensure
that the software was user-friendly and motivating to the students. The e-writing platform was used in the formal
school curriculum in Years 1 to 3 in School B. In Year 4, it was only used as one of the supplementary activities
for a small group of high achieving students selected to take extra enrichment tutorial classes after school. The
project coordinating teacher indicated that other teachers did not really understand what is process writing and
found the workload of using the e-writing platform as too heavy..

The pilot project that School C led was very different from the other two in nature. Its focus was to
develop an online platform for sharing and collaboration among 10 SEN schools (i.e. schools catering for students
with different special educational needs, including various forms of physical and intellectual disability). These 10
schools had in fact formed a network since 2006, which they themselves referred to as the SAME Network. This
network was established at a time when the Hong Kong Government changed the secondary school structure from
seven years to six and launched a new school curriculum in conjunction with that change. The leaders in these ten
schools were of a view that the SEN students should follow the same curriculum, but care has to be taken to adapt
and customize the learning activities and resources according to the special needs of each child. Hence they all
share the same curriculum ideal: Universal Designs for Learning (UDL), which they believe can benefit teaching
and learning in mainstream schools as well. This network of 10 schools had collaborated together in a joint
university-school partnership project to implement the concept of UDL in implementing the mainstream
curriculum for their SEN students. During this earlier project, the principal in School C realized that technology
had great potentials to support the achievement of this goal. In the e-learning pilot project, the focus was to develop
an online support platform for teachers on which they could share and discuss adaptations to the curriculum guides
to the different key learning areas, specification of attainment levels that can reflect the learning progress and
development of SEN students, schemes of work to implement specific areas of the school curriculum. They named
this teacher collaboration platform SELTAS (SAME Enhanced Learning, Teaching and Assessment System).
Teachers can freely access the system to import their lesson planning data, create resources or download resources
relevant to their lessons.

During Year 4, the activities on SELTAS increased, and the network extended their sharing of resources
and discussions to cover more year levels, and more teachers participated. According to the project coordinator in
School C, they were working on plans to extend SELTAS to include interface adaptations for mobile devices, and
to possibly support student learning directly on the platform rather than just serving as a repository for students’
learning resources. The project coordinator in School C also mentioned that mobile learning would allow teachers
to collect more process data of student learning, which is beneficial to formative evaluation for students.
Extending the functionality of SELTAS to include assessment support is one the main visions of School C in
setting up the e-learning pilot project.

What and how did School A learn?
The principal of School A, who initiated this pilot project, had a very clear vision for what he wanted to achieve.
For him, the core focus was to change teachers’ pedagogical practice through using ICT rather than on getting the
funds for improving the school’s ICT infrastructure (though this was included in the project funding). With his
previous experience as an IT teacher to promote e-learning in his previous school, he realized that building a
learning culture through encouraging teachers to explore new ideas and to collaborate in experimenting with new
classroom practices is key to success in any pedagogical innovation. He organized a core project team for
implementing the pilot project, comprising the IT team leader and several Chinese language teachers whom the
principal considered to be proactive and willing to try new things. The IT team leader also served as the project
coordinator to assist the principal in the project implementation.

The school core team meetings were to plan the curriculum implementation and related changes at the
school level to accommodate the change (e.g. timetable, technical support, etc.), as well as the necessary liaison
with the publisher responsible for developing the e-learning platform. The main interaction mechanism to support
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the pilot scheme implementation at the classroom level was the regular “teacher training meetings” (or TTMs),
which involved the school core team and all Chinese language teachers involved in the implementation. The
school principal in conjunction with the core team developed a format for the TTMs: Demonstration-Discussion-
Collaboration-Observation-Reflection. To begin with, the project coordinator would demonstrate to teachers how
the tablet might be used in the teaching of a specific topic. This would be followed by co-planning meetings to
discuss the pedagogical possibilities and issues in such uses in the classroom. After the meeting, teachers would
collaborate in preparing the e-learning lesson that they were to teach. The principal and core team would conduct
regular lesson observations and give feedback to the teachers. Reflection meetings involving the whole
implementation team would also be organized after class.

At the project level, the principals from the six schools would gather regularly to discuss and resolve
issues arising from the innovation. The project coordinators also formed an informal communication network to
discuss, share and support each other. More importantly, the six school heads made a mutual commitment to each
other when they submitted the pilot proposal that there will be monthly “open classroom” observation and
debriefing meetings. The participants from each school must include the principal (or the deputy), the project
coordinator and at least one subject teacher, and preferably also the teacher in charge of curriculum development
in the school. In addition, there will be at least one representative from the textbook publisher in charge of the e-
learning platform and resources development. These open classroom meetings would start with the teacher
conducting the lesson distributing the lesson plan to all participant observers before the lesson started.
Immediately after the lesson observation, there would be a debriefing session during which every observer must
provide some feedback. The discussions generally revolve around students’ engagement and their learning, the
design of learning activities, the role of the e-learning activity and whether that was really beneficial, the design
of the software and its compatibility with the subject matter and pedagogical intention, as well as what school
supports would be needed to implement this e-learning lesson on a regular basis. The six schools would rotate in
hosting these monthly open classroom meetings. These monthly joint-school meetings became a major mechanism
for multilevel, cross-school, collaborative learning.

Participating teachers in School A reported significant improvements in their pedagogy and skills through
the meetings and peer observations. Examples they gave included: the ability to stimulate and enhance student-
student interactions through online collaborative writing and peer feedback rather than just simply using ICT for
drill and practice, understanding the benefits of collaborative learning and how to implement it using tablets. They
appreciated greatly the feedback received from the principal and the project coordinator, which helped them learn
how to evaluate an e-learning lesson and the key aspects to focus on during observations.

In Year 4, the learning architecture for e-learning development within School A remained, with some
changes to its organizational structure. The principal considered the innovation to be well accepted by the Chinese
language team and decided to restructure the school leadership team in order to extend the innovation to other
subjects. He promoted the IT team leader (project coordinator for the e-learning pilot project) to become the
Curriculum Development (CD) team leader and all e-learning initiatives would be led by the CD team. While the
Chinese language team would still have their regular meetings and continue to integrate the planning of e-learning
into these regular meetings, the principal and the pilot project coordinator would no longer take part in these
meetings on a regular basis. According to the project coordinator, the demonstration-discussion-collaboration-
observation-reflection model of team meetings continued in the Chinese language team as the project teams
members were already well-trained and could act as “seeds” of change to provide support and guidance to those
novice to this approach. The principal also shifted his focus to overseeing the work of the CD team in realizing
his broader e-learning vision. In Year 4, the main mission for the CD team was to stimulate e-learning
implementation in Mathematics, using similar organization structures and interaction mechanisms as in the
Chinese language TTMs developed during the e-learning pilot project.

At the project level, the core teams and regular meetings ended, and there was no more joint school
interactions related to e-learning. The six school leaders were all pleased with what had been achieved in the
project and there was no perceived need for further coordination as the project was successfully completed. To
our knowledge, the school level architectures for e-learning (organizational structures and interaction mechanisms)
in the other five schools were no longer operational.

What and how did School B learn?

At the surface, the pilot project coordinated by School B had similar architectures for learning in having core
teams and monthly meetings. However, a closer inspection shows stark differences in all the key aspects when
the finer details are examined. At the project level, the core team comprised the school principals and project
coordinators from the five participating schools and the software development team representative (note the
absence of any language teacher on the team). The monthly meetings of the project core team were centered
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around communication with the software developer on platform functionalities and technical improvement. There
were no structured interactions between the teachers across the five schools, except for an annual “dissemination
and award presentation” event during which the teachers from each school presented their “good practices” to
other teachers. However, there were minimal interactions among teachers during these events.

At the school level, the main opportunity for teachers to learn was attending technical workshops
provided by the software developer and the IT team members within the school (only one such workshop in Year
3). The school-based meetings were organized on a need basis and not regular, and the interaction focus was on
how to improve the functionality and user-friendliness of the platform, and not pedagogy. There were only a total
of three meetings in Year 3. There was little opportunity for teachers to discuss pedagogical issues or concerns,
or to make sense of how this e-writing platform could help students to advance their language competence.
Interviews with the teachers at the end of Year 3 revealed that they did not have much advancement in their
understanding of the concept of “process writing”, although this was what the e-writing platform was supposed
to support as indicated in the project proposal submitted to EDB.

In Year 4, the entire set of organizational structures and interaction mechanisms described above
disappeared at both the school and the project levels. The “architecture” in this case did not result in bringing
about much learning even during the funding period. There were in fact little intentional efforts to bring about
professional or organizational learning, as the nature of the pilot scheme was simply perceived as the development
of an educational software for students.

What and how did School C learn?

There were strong similarities between the principals in School A and School C in how they led the project within
their own school. Both emphasized the importance of building a learning culture and a shared vision among
teachers through teacher co-planning, peer lesson observations and providing feedback to teachers. The school
level learning architecture in School C had a rather sophisticated structure. Principal C decided to change the
leadership structure for e-learning promotion in the school from one e-learning team to three core teams each with
a specific focus: IT, curriculum development and learning resources, in order to lead the e-learning pilot project
more effectively. These three teams met regularly to deliberate on implementation decisions in the school.
Teachers in the school met regularly to conduct co-planning, lesson observation and reflection meetings, with
support from the core team members as needed. The principal took part in lesson observations regularly.

The major difference in terms of learning architecture between School A and School C was at the project
level. There was a joint-school principals’ network and a teachers’ network for the project. The latter also had
specialized sub-networks under it for IT coordination and for the different subject areas. There were also regular
meetings between the principals’ and the teachers’ networks to exchange ideas and concerns, and to explore
solutions. During these meetings, the teachers would report the problems identified by the teachers’ network to
the principals’ network. The principals’ network then held meetings to discuss the issues raised, which might
concern administration, resources, technology, or pedagogy, and come up with solutions to feedback to the
teachers’ network. These joint network meetings provided a strong communication channel between teachers and
principals, which helped to provide timely support during the process of project development and implementation,
and strengthened teachers’ commitment and trust in the project.

The online SELTAS platform also played a crucial role in supporting the communication channels,
particularly among teachers in different schools. Teachers uploaded to the platform ideas and problems they met
in teaching. Alert emails will be sent to teachers in the network to invite contributions of ideas to the problems.
The platform was organized into different areas, such as learning resources, curriculum management, technical
concerns, etc., based on the decisions of the teachers’ network. Table 2 summarizes the different elements of the
architecture for learning available to the principal and teachers in School C, which scaffolded cross-school
interactions at principal and teacher levels, and cross-level interactions within and across schools.

Table 2: Architectures for Learning in School C at school and project levels in Year 3

Level Within level Cross level
Within school Cross school Within school Cross school

School | * Regular support and * Monthly Principal * Regular core team meetings ¥ The principal and teachers in
sharing across the three meetings * Biannual teacher School C would provide
core teams * Monthly IT core professional development support to colleagues in the

team meetings (TPD) days network as needed

Teacher |* Co-planning and lesson | * Frequent Interactions [¥ Regular lesson observation [* IT and pedagogical support

observation on the SELTAS by principal and core team to partner schools
* Reflection meetings platform members
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Given the rich and various structures and mechanisms available through the architecture for learning
established in this project, it is not surprising to hear enthusiastic reports from teachers in School C about their
learning gains through the e-learning pilot project. Learning gains reported include: changed understanding about
the role of ICT in teaching and learning, greater willingness to try new things and to share their innovative
practices within the project network, expanded capacity in lesson planning through having access to “pools” of
references and resources constructed by teachers in the project network. Some reported that they could see how
teachers’ pedagogical practices were influenced by the cultures in their respective schools, and that they had
broadened their horizon through learning within the network. Some teachers mentioned that they were initially
unsure about the benefit of the project, but gradually developed their own understanding and ownership as they
started to interact with other teachers and tried new practices in their classrooms. Some core team teachers felt
that they had advanced in their knowledge of how to manage curriculum development, and how to stimulate,
sustain and scale pedagogical innovations. The project coordinator even mentioned in the end of Year 3 interview
that there should be reciprocal dynamics at the system level for scaling innovations!

As the e-learning pilot was only the latest of several collaborative projects that the ten SEN schools
engaged in since 2006 to realize their goal of finding better ways to implement the idea of universal designs for
learning for SEN students, the principals were actively engaging in explorations of how to extend the project
beyond the funding period during the third and final year of the e-learning Pilot Scheme. In Year 3, an additional
SEN school joined the project as an unfunded network partner (courtesy of the 10 project schools). In Year 4, the
network structures and mechanisms remained largely unchanged. The SELTAS platform was even more heavily
used and served to act as an archiving and knowledge management platform for the curriculum, lesson design and
assessment artifacts generated and shared by the teachers. The e-learning innovations developed during the
previous three years were not only sustained, but were further extended. The network had also succeeded in getting
further sponsorship to develop a student portal extension to SELTAS in order to increase the range of e-learning
possibilities for students.

Discussion and conclusion

All of the three e-learning pilot schools in this study achieved what they set out to accomplish as set out in the
project proposal they submitted, but the nature of these “innovations” were very different. We set out to look for
evidence of scalability after the pilot scheme ended, and we found that the scalability beyond the funding period
was strongly linked to the architecture for learning the schools and the projects constructed. Structures and
mechanisms among teachers and among principals across schools were important to support learning, and cross
level interaction between principals and teachers contributed much to self-organized adjustments to the
administration, routines and support in the school in response to the problems teachers encountered in the
implementation. Organizational structures and interactions set up for project implementation may not lead to
learning unless professional and organizational learning is intentionally planned and recognized as a crucial goal
for implementation success. In fact, the architectures for learning that the schools and projects constructed were
greatly influenced by the nature of the innovation as perceived by the change leaders. Where professional and
organizational learning was not considered as the primary goal and pathway to success for the innovation, as in
the case of School B, the architecture for project management would not lead to learning, and it is conceivable
that the innovation did not sustain. The innovation in School C not only scaled in Year 4, the entire network it
coordinated further prospered. School A demonstrated scalability of its innovation through strong leadership of
the principal, but was not able to benefit from broader opportunities as the innovation network no longer existed.
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Abstract: We describe the rationale, implementation, and outcomes of a multi-year program
featuring electronic dialog as a tool in developing both discourse skills and individual
argumentive thinking and writing in middle-school students. Its theoretical roots lie in the
sociocultural tradition, in particular Vygotsky’s view that the inter-mental with practice
becomes interiorized and transformed into the intra-mental. We report on the gains observed
among successive cohorts, relative to close comparison groups who engaged in non-dialogic
whole-class discussion. Gains are seen both in dialogic argumentation and in individual written
argument, specifically with respect to counterargument and the use of evidence.
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Introduction

The last decade has seen a notable expansion of attention to argument skills as an educational objective, reinforced
by the US Common Core Standards emphasis on non-fiction writing and reading, and, within science, by the US
Next Generation Science Standards emphasis on scientific practices, in particular argumentation. Neither set of
standards, however, specifies how mastery of argument skills is best achieved. We describe a multi-year program
featuring electronic dialog as a tool in developing argumentive thinking and writing in middle-school students.
The program rests on the view that core intellectual skills such as argumentation must be developed in a context
ofrich content but are sufficiently important to warrant dedicated attention, rather than being subordinated entirely
to subject matter content goals, where they risk neglect.

Rationale

We regard dialogic argumentation as a productive vehicle for developing both individual and dialogic argumentive
competencies on several grounds. One is the close connection between an individual argument as a product and
dialogic argumentation as a process (Billig, 1987). Another is the developmental origins of dialogic argumentation
in everyday talk. A third is the ability of dialogic argumentation to provide the “missing interlocutor” (Graff,
2003) that often leaves students’ expository writing devoid of purpose.

Our approach is consistent with the sociocultural tradition of Vygotsky in taking the everyday social
practice of dialog as a starting point and pathway for individual development: The inter-mental with practice
becomes interiorized and transformed into the intra-mental. A dialogic approach argumentation has ancient
origins with Socrates and Plato. We draw on the contemporary philosophical work of Walton (1989), who
identifies two goals of argumentation: to secure commitments from the opponent that can be used to support one’s
own argument and to undermine the opponent’s position by identifying and challenging its weaknesses.

Skill development requires sustained, dense practice in rich environments that require those skills and
values. It requires both a supportive community and the strengthening of individual skills and understanding, and
hence is not quickly achieved (Kuhn et al., 2013). In contrast to approaches emphasizing explicit instruction as
the key tool in developing critical thinking and writing, our approach is experiential in its pedagogical emphasis
and microgenetic with regard to research methodology. By observing students engaged in technology-supported
guided practice, we believe we seek to gain insight into what develops and how.

Overview of method

Our initial work documented that young adolescents engaged in argumentation concentrate on exposition of their
own claims, essentially ignoring the opponent’s position. Thus, the initial goals of our program are to encourage
attention to the other’s position and to enhance ability and disposition to address it, the objective being to weaken
it, or in other words, to engage in counterargumentation. Our focus then shifts to use of evidence to strengthen
and weaken claims. By securing answers to their own self-generated questions on the topic, students contribute
to a set of evidence that plays an increasing role in their argumentation. Students ask questions so as to create a
need for the information they acquire. They see how such information could be useful in achieving their discourse
objectives, and then we assist them in securing it.
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The recurring sequence of activities and their objectives are summarized in Table 1. The cognitive goals
are not strictly sequential in order and rather are visited and revisited multiple times with new and gradually more
complex ideas and topics. The core activity is one in which students use chat software to conduct electronic
dialogs on a social issue (Fig. 1). They begin with topics close to their own experience, e.g., Should a misbehaving
student be expelled or given a second chance, and gradually move on to topics of wider scope, e.g., Should organ
sales be allowed. See Kuhn et al. (2016) for further details.

Table 1: Summary of curriculum activities and associated cognitive goals

Curriculum Activity

Cognitive Goal

Generating reasons

Reasons underlie opinions. Different reasons exist for the same
opinion.

Elaborating reasons

Good reasons support opinions.

Evaluating reasons

Some reasons are better than others.

Developing reasons into an argument

Reasons connect to one another and are building blocks of
argument.

Examining and evaluating opponents’ reasons

Opponents have reasons too.

Generating counterarguments to others’ reasons

Reasons can be countered.

Generating rebuttals to others’ counterarguments

Counters to reasons can be rebutted.

Supporting [and weakening] arguments with evidence

Evidence can strengthen claims. It can also weaken claims.

Contemplating mixed evidence

The same evidence can be used to support or weaken different
claims.

The same claim can be supported or weakened by different pieces
of evidence

Conducting and evaluating two-sided arguments

Opposing positions must be weighed in a framework of
alternatives and evidence.

Constructing a [written or oral] individual argument

An individual argument can be constructed from a dialogic
argument.

THE GAME:
Paired Dialogs

THE PREGAME:
Small Group Work

Own Reasons
Evaluating Reasons

Other Side Reasons

THE ENDGAME:
Small Group Work

Own Side Strengths

Other Side Strengths
Showdown Debrief

Individual Essay
Assignment

Figure 1. Topic workflow from pregame to final essay (from Kuhn et al., 2013).

Discourse is electronic to facilitate reflection on it. Students work in same-side pairs to promote
externalization of and reflection on their thinking, with each pair conducting electronic dialogs with a series of
opposing-side pairs. Over 13 class sessions devoted to a single topic, same-side team work precedes and follows
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the dialogs. The sequence culminates in a whole-class “Showdown” debate, debrief, and individual position essays
(Fig. 1). The major way we support students’ thinking is by externalizing it, making it more visible. Doing so
increases awareness of their own and others’ thinking, a first step in enabling them to reflect on it, and, in so
doing, to enrich it. The visible transcript of the dialog allows students to review and reflect on what has been said.
This feature stands in striking contrast to face-to-face dialog, where the spoken word disappears once it is uttered,
challenging memory capacities.

Because the pair must agree in advance on what to communicate to the opposing pair, participation in
reasoned discourse is doubled (both verbal within the same-side pair and electronic between opposing pairs) and
encourages metacognitive planning and reflection (since the pair must reflect on the opponents’ statements and
debate what to say in return). Other activities based on the dialogs function as additional tools of reflection. For
example, students are asked to identify the major arguments and their counterarguments and rebuttals, as well as
relevant evidence. These summaries remain available as resources during preparation for the final Showdown and
the Showdown itself, as well as the adult-led debrief analysis that follows.

That activities center around peer interchange, rather than whole-class, teacher-directed talk, promotes
students becoming accountable to one another, as members of a community with evolving group norms. Students
are constantly on call and cannot assume the passive role of audience. These evolving norms must be constructed
within the group and gain acceptance by its members, with risk of criticism for violating them. Claims must have
reasons and reasons must stand to the challenge of arguments and evidence that can weaken them. Shared
understandings evolve regarding acceptable counterarguments and what counts as evidence.

Results

Our assessment of outcomes is based on 12 middle-school classes who participated twice weekly for two to three
years. Comparison classrooms participated in a parallel twice-weekly class taught by school faculty. This class
was equivalent in time and work investment but followed a more traditional whole-class format, plus writing
assignments, but without the pair dialogs, electronic discourse, or structured debates of our curriculum. Initial and
final assessments of these classes as well allowed for close comparison.

At annual assessments a pair who held opposing views on the assessment topic (capital punishment,
which was not part of the curriculum) conducted a dialog in writing. These were divided into idea units and each
classified according to whether it “countered” the opponent’s immediately preceding statement in either of two
ways —as a counter-alternative, i.e., one that opposes the statement by proposing an alternative argument, or as
the stronger counter-critique (or direct counter) that opposes the statement and directly critiques it.

Proportions of dialog statements classified as counterarguments rose with each yearly assessment among
the participating group but not the comparison group (Crowell & Kuhn, 2014). (See Figures 2 and 3.) As shown,
it is mainly the simpler counter-alternative arguments that become more prevalent during the first year, while
counter-critiques do not rise until the second year. Least overall gain appears during the third year. Yet, when
these gains are broken down by initial skill level, the one third of the experimental group that showed least skill
at the initial assessment continue to improve during the third year, indicating the program continues to be of
benefit to them. Indeed, even this initially least able group reached a proportion of direct counterargument of
almost 50%, almost equal to that of their peers who began with more initial skill. These findings are important
in establishing not only that the curriculum works but does so very well for low-ability students.
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Figure 2. Mean proportion counterargument use by group and time (from Crowell & Kuhn, 2014).
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Figure 3. Mean proportion counter-critique use by group and time (from Crowell & Kuhn, 2014).

We also saw gains in students’ evaluation of arguments and in their construction of hypothetical two-
sided dialogic arguments (Kuhn et al., 2013), and the outcome measure of greatest interest to educators, students’
individual argumentive essays. We administered at each assessment point a writing assignment on a topic not
part of the curriculum. We kept the topic constant over time, to be able to more precisely gauge students’ gains.
Like the dialogic assessments, this assessment was also administered to the comparison classes.

At the pretest one third of both groups wrote essays that addressed both sides of the issue (whether
teachers should receive experience-based or equal pay). At the end of year 1, two thirds of the experimental
group did so, with no significant change in the comparison group, and at the end of year 2 this percentage rose to
79%, again with no improvement in the comparison group (Kuhn & Crowell, 2011). Further development toward
an integrative stance (that includes negatives of preferred position or positives of opposing position) did not occur
until year 3 and only in the experimental group.

Conclusion

Argument as core curriculum requires not only new approaches but a vision and commitment on the part of
educators, especially when competing, more traditional objectives infringe on it. Our findings support the view
that its place as core curriculum is productive and thus justified. The group norms regarding intellectual discourse
that we observe evolve during our curriculum are at first confined to this special context, but hopefully in time
become familiar enough that students begin to recognize these standards as a powerful and valued mode of
discourse observable far beyond their classrooms, one that they are capable of participating in fully, as citizens
and in all their individual pursuits.
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Abstract: Young children often provide teleological explanations for Entities and Phenomena
in the natural world; stating, for example, that snow is for making snowmen or nighttime is for
going to sleep. However, research supporting this stance has employed questions that could be
considered to be teleologically-leading, suggesting a partially inaccurate view of children's
tendency to provide teleological explanations. This paper compares a teleologically-leading
treatment (what is X for?) with an open-treatment (why is there X?), finding that the leading-
treatment resulted in significantly more teleological explanations that the open-treatment. This
suggests children's proposed bias to provide teleological rationales about the natural world may
be being overestimated.
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Introduction

Teleological explanations are those that imply a natural object or phenomenon exists for a specific purpose
(Kampourakis, 2014; Kelemen, 1999a, 1999b). In relation to science education about the Natural World the use
of teleological explanations can be inappropriate and problematic as the focus is placed upon perceived outcomes
or goals rather than causal accounts. Teleological reasoning is considered by some to be a major barrier to
understanding evolution (Kampourakis, 2014) and a debilitating factor which restricts scientific reasoning (Hanke,
2004). However, there is an argument that the appropriateness of a teleological explanation depends upon the
context in which it is used and the subject to which it relates. In these situations certain teleological accounts could
be considered valuable learning heuristics (Ruse, 1989; Zohar & Ginossar, 1998).

Considering the appropriateness of a specific teleological explanation rests upon the type of teleology
employed. The commonly discussed construct is design-teleology: that a topic has been designed or created for a
specific purpose (Kelemen, 1999a, 1999b), if the creator was supernatural this could be considered to be religious-
teleology. Teleology can also be conceptualised as functional-teleology, for example, appropriate functional
explanations for Natural Organism appendages (Ayla, 1970), or as relational-teleology, a topic is not designed for
something but rather subjectively used to do something (Ojalehto, Waxman, & Medin, 2013). While the type of
teleology used is key to the appropriateness of the explanation, the focus of this paper is simply children's
propensity to provide teleological rationales, regardless of their perceived relevance. In this paper these four
constructs of teleology are collectively referred to as teleological explanations.

The levels of children's teleological thinking vary between ontological categories, due to the debate
around if children are selective (provide teleological explanations for parts of Organisms and Artefacts)
(Kampourakis, Palaiokrassa, Papadopoulou, Pavlidi, & Argyropoulou, 2012; Keil, 1994) or promiscuous
(maintain a teleological stance for all ontological categories) (Kelemen, 1999a, 1999b) in their application of
teleology. However, in some form teleological explanations dominate the scientific discourse of children age 4-
to 9-years old, although their use decreases with age (Kampourakis, 2014; Kelemen, 1999b).

A key figure in this field is Kelemen. In an often-cited paper Kelemen (1999a) asked 4- and 5-year-old
what is X for? in relation to several topics of Organisms, Natural Objects and Artefacts. The results indicated that
the majority of children displayed a strong promiscuous tendency to provide teleological explanations for all
ontological categories, with 57% teleological answers for Organisms, 88% for Organism parts 67% for Natural
Objects, 58% for Natural Object parts, 65% for Artefacts and 80% for Artefact parts (means taken from graphs).
However, there is a possibility that the question wording, what is X for? could be a teleologically-leading question,
which may have inadvertently placed certain demand characteristics (Orne, 1962) upon the child leading them to
provide a higher level of purposeful responses. This notion requires further investigation as the question wording
used may have resulted in an overestimation of children's predisposition to provide teleological explanations.

Other studies have used different techniques to understand children’s propensity for teleological
reasoning. Kelemen (1999b) gave children in US Grades 1, 2 and 4 multiple choice questions (MCQ), for four
Organisms and four Natural Objects, each containing a social or self-serving teleological and a scientific option.
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Across the age range 70.5% of 1% Graders gave teleological responses for Natural Objects and 53.0% for
Organisms parts; 2" Graders responses were 75.0% for Natural Objects and 65.5% for Organisms; 4" Graders
responses were 56.5% for Natural Objects and 59.5% for Organisms. However, dichotomous MCQ could be
problematic as they may not measure what the respondent believes, merely which answer they think is more
correct, or which option they dislike the least. This concern is shared by Kampourakis et al. (2012, p. 283) who
maintain that the use of MCQ may not have provided a comprehensive view of children’s actual beliefs. To
explore this they used similar methods to Kelemen (1999b) but instead of MCQ, used open-ended questions on a
written survey. Their findings support a selective application of teleology, not a promiscuous application; Natural
objects traits received 17.2% teleological responses for Pre-schoolers, 9.0% for 1% Graders and 4.7% for 2™
Graders. Organism traits received 27.4% teleological responses for Pre-schoolers, 26.68% for first graders and
21.48% for Second graders. The difference in levels of teleological answers in the studies by Kelemen and
Kampourakis et al. suggests that assessment method, MCQ or open-ended questions, could influence children’s
tendency to choose or provide teleological explanations. Although this finding is only relevant to Natural Objects,
Organisms received similar levels of teleological answers in both papers, perhaps because functional rationales
could be used to explain the appendages of Organisms. Therefore, questions investigating organism parts could
be leading, as a functional-teleological explanation is a plausible and scientifically acceptable response.

It should be noted that Kelemen (1999a) is not the only researcher to use what could be considered
questions that lead to, or require, a teleological answer. Keil (1994) used MCQ options in the form of X helps Y
and it is better for X to have Y. Other abstracted examples of open-ended and MCQ include, why do these X’s do
Y? (Polling & Evans, 2002), why does Y have X? (Kampourakis et al., 2012), why do you think X had Y? (Kelemen,
1999b). The latter two question stems being particularly difficult to answer for Organism appendages without
using functional-teleology (e.g. an eagle's wing can be considered to be for flight). These possible leading-
questions share a similar stem, either the question is asking for the purpose of a certain topic (X), or for the purpose
of an appendage (X) of a certain topic (Y). These two questions stems, What is the purpose of X and What is the
purpose of X for Y can be further combined into what is the purpose of X, or simply what is X for? This generalised
question stem, of what may possibly be a teleologically-leading question, is the same as the one used by Kelemen
(1999a). Therefore, it provides a suitable example of a leading-treatment.

The purpose of this study was to investigate the hypothesis that question wording influences children’s
responses to questions about scientific phenomena, with a leading treatment (what is X for?) predicted to result in
more teleological responses than an open treatment (why is there X?). Furthermore, it was hypothesised that as
children's age increased the levels of scientific responses would increase, however it was not clear how age would
interact with question format.

Method

Participants

The participants were 66 primary school children, aged 68- to 104-months-old (5- to 8-years-old) (M = 85.59, SD
= 10.84, Female = 34). Participants were equally split between Year 1, 2 and 3, no child was considered to have
English as an Additional Language or Special Educational Needs.

Procedure
The study used a repeated-measures design, the two levels of the question wording variable were the leading-
treatment (what is X for?) and the open-treatment (why is there X?). Children received five of each question format
across ten topics of Natural Phenomena. Piloting was conducted to find appropriate topics which children
recognised and could articulate a response. The topics used, following piloting, were: Day, Darkness, Light, Night,
Rain, Rainbows, Storms, Snow, Waterfalls and Waves. The topics were fully counterbalanced across treatment
type to avoid influencing the main variable. Children were randomly assigned to treatment groups (leading-
treatment 1% or open-treatment 1),

Children took part in structured individual interviews, in a shared space outside of the main classrooms.
All interviews began with a short drawing to settle the child and act as an icebreaker. Following this, participants
received either their five leading-questions or open-questions, depending upon treatment group. If a response was
unclear the probe can you tell me a bit for about Q? (Q being the unclear statement) was used to elicit more
information. If a child declined to answer, or suggested they did not know, the interviewer moved to the next
question. After the first set of questions the participant played another round of the drawing game, before
completing the interview with the remaining five leading- or open-questions.
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Measures

To investigate the influence of question wording children's explanations were transcribed and coded as either a
teleological or a scientific response; answers consisting of non-sequiturs, descriptions and 'don't know' responses
were removed for analysis. The coding rubric is outlined in Table 1. A tenth of the data, 66 responses, were coded
by a second coder, calculation of Cohen’s K (K =.885, p <.001) revealed a high level of agreement.

Table 1: Coding rubric for categorising explanation type

Type of response Explanation Example
(score)
Teleological The existence of the topic is referred to Night is "for making the sky dark so

explanation (0) by invoking a purpose, implying that the

topic aids another entity

Scientific explanation The existence of the topic is explained via
1 a, simplified, causal explanation.
However, does not have to be
scientifically correct. The topic is not
imbued with purpose

Non-sequiturs, descriptive answers,
‘don’t know’ and non-responses

Other (uncoded)

we can have a little sleep"

Rain "is for keeping all the plants,
grass and flowers healthy"

"when it rains and suns at the same
time it makes, it makes a rainbow"
When "it's very cold the rain comes
down and it freezes and becomes
snow"

"my favourite rainbow colour is red"
"when it's stormy the floor gets wet"

Results

Across the two treatments, 72 out of 660 responses were coded as 'other', 456 (69.0%) were coded as teleological
answers and 132 (20.0%) as scientific. Removing the 'other' data resulted in a split of 77.6% teleological answers
and 22.4% scientific responses. Separating the data by question wording suggests a strong influence of question
wording, with 92.12% of the leading-treatment's responses being teleological answers compared to 68.18%
teleological explanations for the open-treatment.

A two-way ANCOVA was conducted, with the independent variable of question wording (leading- and
open-treatment), and the dependent variable of summed scores for the five leading-questions and five open-
questions. Teleological responses scored 0 and scientific answers scored 1; therefore, each treatment has a possible
summed score of 0-5. The covariate was mean-centred age in months. Means are displayed in Table 2.

Table 2: Table mean scientific responses by treatment type

Total
(n = 66)
Mean score as % of
scientific responses (SD)
7.88 (13.979)

31.82 (30.377)

Open-treatment 1%
(n =33)
Mean score as % of
scientific responses (SD)
7.88 (12.185)

37.56 (33.074)

Leading-treatment 1
(n =33)
Mean score as % of
scientific responses (SD)
7.88 (15.763)

26.06 (26.685)

Treatment
Leading-treatment

Open-treatment

The ANCOVA showed a significant effect of question wording upon response type, F (1, 63) = 44.579,
p. <.001,n?=.414, with the leading-treatment resulting in a significantly larger number of teleological responses
than the open-treatment. The covariate of age in months was a significant predictor of response type F (1, 63) =
4.402, p. < .040, n?> = .065 but did not interact with question wording, F (1,63) = 0.013, p. > .05, n> < .001,
confirming that, regardless of treatment type, children provided less teleological explanations with age. Checks
on the counterbalancing confirmed there was no significant influence of treatment order F (1, 63) = 4.402, p. >
.05, n? = .065 upon participant score, so randomisation was successful. Furthermore, there was no interaction
between treatment order and question wording, F (1, 63) =2.592, p. > .05, 02 =.040. When receiving the leading-
treatment first, children were not primed to provide teleological explanations for their second set of questions
using the open-treatment, nor when receiving the open-treatment first were children primed to provide scientific
answers.

Conclusion and implications
The results confirm that children (aged 5- to 7-years-old) have a strong teleological bias to provide purposeful
explanations for Natural Phenomena. With regards to this debate around if children employ promiscuous- or
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selective-teleology these results supports the former. When receiving the open-treatment 68.18% of children’s
explanations were teleological answers, a score similar to the findings of Kelemen (1999b), 56.5-75.0% for
Natural Objects, than to those of (Kampourakis et al., 2012), 4.7-17.2 %. However, it should be noted that this
study is limited by only investigating topics of Natural Phenomena.

In relation to the influence of question wording, the results confirm the hypothesis: the leading-treatment
(what is X for?) resulted in children giving predominantly teleological answers and the open-treatment (why is
there X?) provided less teleological and more scientific responses. Consequently, research employing leading-
question may have inadvertently placed demand characteristics upon their participants, leading to a higher level
of teleological explanations. This result does not undermine the findings of Kelemen (1999a), and others cited
above. However, it does suggest an overestimation of children’s teleological tendencies; indicating that children
may be more scientifically competent in their explanations than the literature suggests. Further research would be
needed to ascertain the influence of question wording for different ontological categories, although this may be
problematic with Organisms or Appendages where functional-teleological explanations could be considered
appropriate. While children’s tendency to provide teleological explanations decreased with age, supporting
Kelemen’s (1999b) and (Kampourakis et al., 2012) findings, the influence of question wording did not diminish:
all ages were equally influence by treatment type. Therefore, the finding that question wording can result in an
overestimation of teleological tendencies may be applicable to a wider age-range.

The main implication arising from this study is the need for research assessing children's teleological or
scientific explanations to avoid the use of teleologically-leading questions. However, an educational implication
would be that if young children advocate less teleological explanations for Natural Phenomena that previously
indicated, they may be more susceptible to the teaching of causal accounts. This conclusion forms part of a larger
research project which investigates how question topics within the same ontological category affect children's
responses. It also analyses the type of teleological explanations to examine why children may be providing
purposeful rationales. For example, are children using teleology to appropriately explain a function (functional-
teleology), to suggest a topic has been designed for a purpose (design-teleology) or to propose a purpose for which
a topic could be used (relational-teleology). While analysis is ongoing, initial results suggest that selection of topic
and disregard for the type of teleology children are advocating may also lead to an overestimation of children's
teleological tendencies.
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Abstract: Wearable technology and large-screen display systems show potential for helping
learners engage in STEM in ways relevant to their daily lives, but it is important to understand
how learning activities coupled with these tools can promote rich learning experiences. To
advance these goals, our work utilizes a new genre of embodied technology tools for STEM
learning—Ilive physiological sensing and visualization (LPSV) tools, called BodyVis and
SharedPhys—that display learners’ physiological functions in real-time on a wearable, e-textile
shirt and a large-screen display, respectively. We iteratively developed a set of learning
activities to evaluate how these tools can support STEM engagement. Our findings show
potential for LPSV tools to enable new forms of life-relevant and collaborative scientific
learning experiences.

Keywords: embodied learning, STEM, physiological sensing, LPSV tools

Introduction

Recent advances in wearable technologies (e.g., fitness trackers) enable new opportunities to make STEM
learning less abstract and more relevant to learners’ lives. However, to fully realize the potential of wearables for
STEM learning, we must understand how learning activities coupled with these tools can promote meaningful
learning experiences. We advance this understanding in the context of live (i.e., real-time) physiological sensing
and visualization (LPSV) tools that support embodied learning to promote life-relevant, collaborative STEM
learning. LPSV tools integrate real-time physiological sensing and visual displays to promote learning about organ
function, physical activity, and scientific inquiry.

Our prior work has focused on the design of two LPSV tools, BodyVis and SharedPhys (Figure 1a and
¢, respectively), to support body learning and engagement in scientific inquiry by visualizing wearers’ live body-
data (i.e., heart and breathing rate) on an electronic textile (e-textile) shirt (BodyVis) and a large-screen display
(SharedPhys). We have two high-level goals with our LPSV tools: (i) to help children understand and learn about
the body and its connection to the physical world (e.g., eating, exercise), and (ii) to use the body as a life-relevant
platform to help children build general scientific inquiry skills (e.g., Why does my heart rate increase before a
test or during soccer practice?). In this paper, we analyze data from several deployments with a common
analytical lens aimed specifically at better understanding how LPSV tools can support life-relevant and
collaborative STEM learning experiences for elementary-aged youth.

Our findings show that LPSV tools were relevant to our participants’ daily lives as they connected their
own organ functions (e.g., heart and breathing rate) to their everyday physical activities, emotions, and social
experiences. Additionally, learners engaged in collective observation, experimentation, and hypothesis generation
as they interacted with our LPSV tools. Our contributions include (i) characterizing learning experiences children
have with LPSV tools, and (ii) design implications for LPSV learning activities.

Life-relevant and collaborative learning technologies

Our goal is to leverage wearables to deepen learners’ STEM engagement through supporting life-relevant,
collaborative inquiry experiences. In life-relevant learning experiences, learners derive meaning relevant to their
lives from acting and thinking like scientists (Clegg, Gardner, & Kolodner, 2010). Such experiences enable
learners to connect science inquiry and learning to their own interests, passions, and lived experiences (Clegg et
al., 2010). Two recent approaches to wearable learning tools illustrate the potential of wearables to support life-
relevant experiences by investigating one’s own physical and physiological data: (i) using fitness trackers for
math analysis—e.g., comparing sports, validating accuracy of fitness trackers, strategizing workouts based on
statistical data analysis (Lee, 2015, Chapter 9) and (ii) exergaming for STEM learning and health knowledge (e.g.,
Carter Ching & Schaefer, 2015). These approaches offer opportunities for learners to create and engage in new
inquiries with data from activities in their everyday lives (e.g., games, sports).

ICLS 2016 Proceedings 779 © ISLS



N

Soonas g

(¢) SharedPhys’ Moving (d) SharedPhys in action
Graphs
Figure 1. BodyVis (a) displays live physiological data on a wearable, e-textile shirt while SharedPhys’ Moving
Graphs (c) uses a time-series graph representation projected on a large-screen display. Some examples of high-
impact activities include dancing with BodyVis (b) and doing jumping jacks with SharedPhys (d).

(a) BodyVis (b) BodyVis in action

Our LPSV tools are designed to engage multiple learners in collaborative inquiry either in small groups
(BodyVis) or in collective inquiry in whole classrooms (SharedPhys). Collaborative inquiry involves dialog
among learners around scientific inquiry practices such as asking questions, designing experiments, collecting
data, and developing claims (Chinn & Malhotra, 2001). Collective inquiry occurs when learners are engaged in
scientific inquiry as a whole class, collaboratively negotiating problems and working toward a common goal (Lui,
Kuhn, Acosta, Quintana, & Slotta, 2014; Lui, Slotta, & Cober, 2012). Embodied learning technologies can be
effective for engaging learners in collective scientific inquiry. For example, embedded phenomena systems like
EvoRoom and HelioRoom (Lui et al., 2014, 2012) allow learners to engage in small and whole group activities
around asking questions, collecting data, and developing claims backed by evidence from the systems. To our
knowledge, our approach to LPSV large-screen displays (Kang et al., 2016) is the first to support collective inquiry
and STEM learning more broadly around body-data.

Design

We designed BodyVis and SharedPhys, along with associated learning activities, through an iterative process of
participatory design with children and teachers. In this process, we first developed a wearable e-textile approach
called BodyVis (Figure 1a), in which physiological phenomena (e.g., heart rate and breathing rate) are visualized
on wearable fabric anatomy allowing learners to gain a unique view of the internal body (Norooz, Mauriello,
Jorgensen, McNally, & Froehlich, 2015). Next, to support whole-classroom STEM learning and scientific inquiry
we developed SharedPhys (Kang et al., 2016). SharedPhys enables collection and analysis of data in real-time
across multiple learners by visualizing real-time physiological data from up to six simultaneous users on a single,
large-screen display. We focus on one of three SharedPhys designs called Moving Graphs, which transforms
wearers’ live body-data into line-graph form (Figure 1c). We designed LPSV learning activities through
participatory design with (i) an intergenerational co-design team of children (7-11 years old) and adult researchers,
as well as (ii) a cohort of 20 teachers in a STEM M.Ed. program. Children suggested competitions and games,
while teachers suggested experimenting with our tools by brainstorming high- and low- impact physical activities
that would affect the heart rate. Informed by these findings, we iteratively designed SharedPhys and LPSV
learning activities to support science inquiry experiences. Our activities focused on having participants use LPSV
tools to hypothesize and test physical activities that would lower and raise their heart and breathing rates. We
discuss our session protocol in the next section.

Method

We conducted six BodyVis and six SharedPhys study sessions independently. Three of the six BodyVis sessions
were reported in (Norooz et al., 2015); here we analyze only the three latest BodyVis sessions which were
conducted with our new LPSV learning activities. BodyVis and SharedPhys sessions followed the same format.
Each session was approximately two-hours long. Sessions were primarily conducted in out-of-school programs
although one BodyVis session was conducted in a joint 2™ and 3" grade private school classroom. In total, 61
children participated in BodyVis sessions (34 boys, 27 girls) aged 6-13, and 69 children (42 boys, 27 girls) aged
5-13 participated in SharedPhys sessions. Before sessions began, we randomly assigned participants to groups of
4-5 children. We then presented an overview of each respective tool and introduced the inquiry activity. Groups
were given a brainstorming period to develop a set of high- and low-impact activities that would increase and
decrease their heart and/or breathing rates, respectively. Groups recorded these activities on large notepads, then
came back together to present their activities and hypotheses. As each group presented, two BodyVis volunteers,
or six SharedPhys volunteers, tested the highest- and lowest- impact activities suggested with the respective LPSV
tool. Following each hypothesis test, a facilitator guided a conversation about why they believed the body reacted
the way it did.

ICLS 2016 Proceedings 780 © ISLS



All BodyVis and SharedPhys deployments were video recorded and researchers also took field notes.
For the video analysis of each tool, we followed Chi’s eight-step process (1997) using a mixed deductive and
inductive approach. Based on observations of a single video, a single researcher developed an initial codebook
for observing learners’ collaboration (e.g., ways wearers and non-wearers interacted) and life-relevant experiences
(e.g., indicators of linking experiences to everyday life, demonstrations of excitement and curiosity) for each tool.
Two researchers then met and simultaneously coded a second video for each tool, concurrently updating the
codebook. Finally, two researchers coded all videos independently, developed summaries, and then met to discuss
and co-interpret the data. One researcher wrote a final summary.

Findings
We report findings related to life-relevance and collaboration for both BodyVis and SharedPhys sessions.

Life-Relevance. With both LPSV tools, participants referenced activities in their everyday lives (e.g.
playing video games, eating, doing homework) to form their hypotheses of activities that would increase or
decrease their heart rates. Each tool also fostered different forms of life-relevance. With BodyVis, participants
explored how their emotions affected their physiology. For example, when lying down participants found that,
contrary to their expectations, the wearer’s heart rate actually increased due to the excitement of the activity. One
after-school program regularly required children to reflect on their session experiences at home via a custom-built
science inquiry app. Using the app, some participants made similar connections between their heart rate and
emotions as they observed their heart rate during other activities: “Watching the NBA summer league second game
brought my heart rate down after running because less blood must be pumped when I am just sitting down and
not stressing my muscles and lungs by breathing hard and also the fact that the game was just summer league
and not NBA didn't stress me for my team to win.” SharedPhys created a sense of life-relevance for participants
in two ways. First, wearers felt a strong connection with the visualizations because of the live body-data and direct
control of visualizations. This was apparent during the hypotheses testing, when both wearers and non-wearers
instantly started moving fast (e.g., jogging in place, doing jumping jacks) as soon as the graph was displayed.
Second, learners demonstrated excitement and initiated engagement during the hypothesis testing competition
where non-wearers cheered their wearer teammates by suggesting movements based on their observations and
even mimicking those movements alongside the wearers.

Collaboration. With both BodyVis and SharedPhys, participants collaborated through brainstorming,
discussing, experimenting, testing, and revising hypotheses. For activities with unknown outcomes, participants
either discussed reasoning behind possible outcomes or placed the activity in an “unknown” category. For
example, one group discussed how eating and digestion might affect their heart rate after a group member
expressed feeling fatigued following a meal, while another thought their heart rate increased. LPSV tools also
fostered unique collaborative experiences. With BodyVis, wearers and non-wearers engaged collaboratively in
whole group discussions when wearers tested the groups’ hypotheses and reacted to unexpected results. With each
unexpected result, discussions—sometimes even debates—organically occurred among participants regarding the
body’s reaction. For example, one group hypothesized that an activity would decrease the heart rate, but in reality
it increased. One group member reasoned that the activity involved more muscle activity than they originally
thought: “[You are] using so much muscles. Your head is going that way, your arms are going this way. So you're
using too much energy.” With SharedPhys, most verbal collaboration occurred among non-wearers rather than
wearers (as wearers were quite focused on their tasks); however, wearers collaborated non-verbally through
observation and physical mimicry. Tasked with making observations about wearers’ data as it was visualized,
non-wearers often collaborated by helping each other take notes or repeating things that were not originally heard.
Wearers would observe and replicate the physical activity of the winning wearer during the hypothesis test
competitions. As wearers focused more on their bodies, non-wearers noticed more of the affects of the wearers’
physical activities on the Moving Graphs and provided guidance to reach the target heart rate (e.g., “You 're getting
lower!” “Get some high knees in there!”).

Discussion

Our goal was to understand the learning experiences children have with LPSV tools, particularly with respect to
life-relevance and collaboration. Here, we discuss the interactions observed in our findings. BodyVis and
SharedPhys show that LPSV tools can help learners connect their own everyday activities not only to step and
mileage calculations (Carter Ching & Schaefer, 2015), but also to their own organ functions and systems (e.g.,
heart/breathing rate, muscular system), and to social and emotional factors (e.g., being nervous). Because learners
could see body-data change in real-time, they may have been better able to connect the changes of other in-the-
moment factors (e.g., body movement, social and emotional context) to the changes they observed in their
physiology. This suggests that LPSV tools offer learners opportunities that promote their consideration of the
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multitude of physical and environmental factors that impact their bodies. Next, while prior work emphasizes
collective inquiry around data analysis and development of claims backed by evidence (Lee, 2015; Lui et al.,
2014), our analysis suggests that LPSV tools enable other aspects of collective inquiry—collective noticing,
experimentation, and hypothesis generation. As participants observed the real-time changes in their heart and
breathing rates, they began to collectively discuss other factors simultaneously affecting their bodies. Through
these observations, learners generated new hypotheses to test and created new collective experiments (e.g.,
observing effects of eating). Not only did they collectively discuss inquiry topics, learners often collectively acted.
As they observed other groups testing activities, the most effective actions proliferated through the whole group—
this sort of collective phenomena is enabled by the visibility of whole-body interactions and the shared, co-located
context of the computer-mediated activities.

Wearable tools such as BodyVis require others to be in close vicinity of the wearer, which for some is
an uncomfortable experience. LPSV tools and activities must therefore seriously consider learners’ comfort and
offer multiple types of wearer experiences (e.g., ways to reduce spotlight on learners). Additionally, our analysis
suggests LPSV tools have the potential to promote a deeper understanding of physiological concepts, beyond the
cause-and-effect of physical activities on the body to social and emotional concepts.

Conclusion

Our work demonstrates the potential of LPSV tools—via the examples of BodyVis and SharedPhys—to enable
new forms of life-relevant and collaborative STEM learning experiences. While we found that LPSV tools can
support learners’ collective observations and experimentations, more work is needed to understand the most
appropriate learning contexts for their use and ways that they can complement more traditional, retrospective
analysis of body-data (Lee, 2015). Our analysis points to several implications for learning activities with LPSV
tools. First, learners need formal and informal time with the tools to play, explore, and delve deeper into inquiry
and science content learning. Additionally, learners need opportunities to both wear and observe LPSV tools as
different forms of engagement are promoted through wearer/non-wearer roles. Finally, learning contexts should
be flexible to allow learners to try new activities and investigations.
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Abstract: Scholars and educators are increasingly enthusiastic about the potential benefits of
video-based teacher learning. However, collaborative analysis of video is a complex social
endeavor entailing numerous obstacles to learning, central among them face threats. In this study,
we use linguistic ethnographic methods to investigate the implications for teacher face of using
video in professional development, and the implications of teacher facework for their learning. We
analyze 15 case studies of video-based discussions in school-based teacher teams, identifying and
classifying face-threatening acts and the facework involved in responding to them. We then
identify and analyze exemplary cases involving key facework strategies (face threat avoidance,
face defending, and face correction), focusing on the ways these strategies opened up or closed
down opportunities for learning. This study will contribute to our understanding of the interaction
of social and cognitive dimensions of professional learning in general, and of teacher facework in
video-based professional development.

Keywords: teacher learning, video-based professional development, face, linguistic ethnography

Video-based teacher professional learning

Research has demonstrated the potential benefits of on-the-job teacher collaborative discourse for instructional
improvement (Little, 1982; Wilson & Berne, 1999). Particularly productive, studies suggest, is discourse that
deprivatizes teaching practice (Bryk, Sebring, Allensworth, Luppescu & Easton, 2010; Little, 1990), involves rich
representations of everyday classroom experiences (Gaudin & Chalies, 2015; Little, 2003; Van Es & Sherin,
2002), and engages practitioners in collaborative and reflective inquiry on problems of practice (Horn, 2005; Horn
& Little, 2010; Lefstein & Snell, 2013).

In particular, educational researchers and teacher educators are increasingly enthusiastic about the
potential benefits of video representations of classroom practice as tools in teachers’ learning (e.g., Sherin, Jacobs
& Philipp, 2011; Zhang, Lundeberg, Koehler & Eberhardt, 2011). Video-based discussions have the potential to
cultivate collaborative teacher professional learning; make classroom practice public and explore theory in
relation to concrete problems of practice (Darling-Hammond & Sykes, 1999; Stoll & Louis, 2007; Villegas-
Reimers, 2003). However, video-based discussions entail exposure, which may be experienced as threatening by
teachers who are concerned about accountability or are uncertain about the quality of their own performance.
Above all, such exposure and the associated discussions of video-recorded practice inevitably lead to face threats.

While the efficacy of video-based learning has been demonstrated, the social processes through which
teachers learn in such settings have yet to be thoroughly examined. This gap is particularly significant in light of
evidence that teachers’ work is governed by non-collaborative norms such as privacy, individualism and
noninterference (Hargreaves, 1994; Little, 1990; Lortie, 1975). Video-based learning works against such norms,
by exposing practice to scrutiny and critique in ways that other discussions, such as planning or consulting, do
not. When colleagues watch a video of a teacher's practice, the video-recorded teacher has little control over what
is exposed, relative to, for example, sharing a problem of practice through replay or rehearsal (Horn, 2010). In
addition, video analysis often takes place in situations of complex power relations — among teachers, school
management and external coaches (Lefstein & Snell, 2011). Thus, while video analysis has great potential for
teacher learning, it is a complex social endeavor entailing numerous obstacles for learning. This study aims to
shed light on this complexity through a linguistic ethnographic investigation of teachers' face-work in video-based
discussions.

Framed by a socio-cultural perspective, in this study, we view learning in teacher teams as involving
active participation in a community of practice (Wenger, 1999). We foreground social processes over individual
ones, focusing on opportunities to learn, i.e., the ways access to professional knowledge is provided to participants,
affording changes in participation and practice (Horn & Kane, 2015). Opportunities to learn are constructed
through actions and interactions interpreted by members of the community. As an important facet of all social
processes, facework is necessarily an important aspect of processes of social learning.
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Face work

Face is one's positive image before others. It may be defined as the positive social value “a person effectively
claims for himself” (Goffman 1955, p. 5) by presenting one’s ‘self’ to others — and being perceived by them — in
particular ways. A person may be presented through interaction as successful, or kind, or intelligent, or whatever
social attributes are valued in that setting, and this is the image, or face, that the other parties to the interaction
perceive. "Face, therefore, is precisely the conceptualization each of us makes of our ‘self” through the construal
of others in social interaction and particularly in verbal interaction, i.e. through talk" (Watts, 2003, p.124). Face
is subject to constant, ongoing negotiation through micro-processes of talk and interaction. It is a changeable,
unstable entity "diffusely located in the flow of events" (Goffman, 1955, p.7).

The work we do in social interaction to enable our self and others to construct and maintain face, is called
facework. Facework is ‘the actions taken by a person to make whatever he is doing consistent with face. Face
work serves to counteract ‘‘incidents” -- that is, events whose effective symbolic implications threaten face.’
(Goffman, 1955, p. 12). Generally, the prevalent social norm is face maintenance, that is: people are expected to
behave in a way that maintains both their own face (defensive orientation) and that of others (protective
orientation), and prevents loss of face (Brown & Levinson, 1978). This is done by identifying potential face threats
and working towards mitigating them, by: (a) avoiding them (e.g., changing the subject of discussion when it
approaches a sensitive topic); (b) defending or protecting face when a threat is posed (e.g., by justifying a criticized
behavior) and (c) reconstructing or correcting face when it was harmed (e.g., by apologizing or compensating
through complimenting).

Nevertheless, in some social situations, face threatening acts are legitimate and even called for (e.g.,
news interviews). In other situations, such as video-based discussions, the observed teacher’s face is on the line
by virtue of the exposure of her practice and speech acts that are endemic to this activity, such as advice giving,
evaluation and questioning (Copland, 2011). It is therefore important to understand:

1. What are the implications of using video for teachers' facework?

2.  What are prevalent acts of facework in teachers learning from video: How do teachers: (a) avoid face
threat? (b) Defend their own face? (¢) Protect their colleagues' face? (d) Correct face loss?

3. What are the implications of such facework for teacher learning from video-based discussions of
practice?

We explore these questions by analyzing 15 case studies of video-based discussions in school-based teacher teams.

Research methods

The data for this study was collected in the context of a large design-based implementation research project
focusing upon teacher professional discourse and leadership. In the development year of this study, we worked
with the coordinators of ten teacher teams in four schools in a large Israeli school district. These teacher leaders
were responsible for facilitating weekly team meetings in their schools. In addition, they participated in a bi-
weekly professional development workshop, in which they were provided with tools for fostering and enhancing
the pedagogical discourse in their in-school meetings. We conducted participant observations in 118 of these team
meetings over the course of the 2014-2015 school year; we audio-recorded these meetings, kept field notes,
interviewed participating teacher leaders and recorded professional development workshops.

The data corpus for this study is comprised of 15 team meetings in which teachers discussed videos of
classroom practice of an attending member of the team. One of the tools introduced in the program is protocols
for video-based discussions. The protocols provide guidelines for structuring professional conversations,
including delineation of roles, topics, sequences and ways of talking. The idea behind the protocol is to facilitate
the development of productive norms for discussing practice and to counter restricting norms, such as
normalization of problems of practice on one hand and hypercriticism on the other.

Data analysis and preliminary findings

To explore the implications of using video for teacher facework we analyze the data through both systematic
coding of the episode and microanalysis. We identify face-threatening acts and classify them using categories
based on Goffman (1955) and Brown and Levinson (1978), which we have further refined based upon our initial
analysis (Table 1). The coding distinguishes between acts that threaten the face of the filmed teacher and are
initiated by her ("self face") and face threatening acts that are initiated by others ("other face"). For example, the
face of the filmed teacher may be threatened by criticizing the practice she exhibits in the video, but such face
threat may have different implications depending on whether she criticizes herself or others criticize her. We then
code these events (that involve face threatening acts) for facework that acts to: (a) avoid face threat; (b) defend
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self or protect other's face when a threat is posed; and (c) reconstruct face when face was lost. Through this
analysis we aim to provide a broad and nuanced account of different types of teacher facework in video-based
discussions (Table 1).

Table 1. Initial coding scheme

Self face Other face

Face-threat Change topic

avoidance Ignore

Withhold questions

Withhold disagreement | Withhold critique
Protect/defend Normalize

face Ask reassurance, self-reassure | Reassure

Attribute blame

Justify

Explain

Correct Apologize
(reconstruct) face | Compensate (e.g., self success story, self- | Compensate (e.g., other's success story, self
provided solution) face threat, Compliment)
Punish

Retreat

Humor

To investigate the implications of different types of face work on teachers learning, we identify illustrative
cases (based on the coding above) representing discourse dominated by:

1. Face threat avoidance. For example, in one team, video based discussions were limited to "appreciative
feedback" in which participants highlighted positive aspects of the observed practice and avoided asking
substantive questions, problematizing or criticizing practice.

2. Face defending and protecting. For example, in one case, teachers raised questions regarding a practice
they observed in the video, whereby the teacher dictated the correct answer for the students to write.
Following this potentially face-threatening questioning, the filmed teacher and her colleagues engaged
in a series of acts (reasoning, blaming) that served to justify and unproblematize the teaching practice.

3. Face correction. For example, in one case a teacher was criticized for her failure to foster student talk in
her class. The other teachers interrogated her, compared her practice to their own "successful" ones and
gave her advice. She suffered face loss. Reconstructing her face she went into great length telling a heroic
story of her own professional success.

Our analysis of these illustrative cases employs linguistic ethnographic methods (Rampton, Maybin & Roberts,
2015): we repeatedly listen to recorded episodes, transcribe them in detail, and brainstorm about what was
happening and what we found interesting. We then use micro-analytic methods to analyze the sequential unfolding
of selected events. Such analysis involves proceeding slowly through the recording, asking at each line, “What is
the speaker doing?” “Why that, now?” “How does this turn at talk respond to what came before?” “What else
might have been done here but wasn’t?”” etc. (Rampton, 2006). We focus on the ways different types of facework
opened up or closed down opportunities to learn (Horn & Kane, 2015), such as identifying problems of practice,
reframing them and deliberating about them, multiplicity of interpretations and alternative courses of action and
considerations of the pros and cons of each of them. This analysis also incorporates data from field notes,
coordinators interviews and the workshop recordings, in which participants shared their perspective on the video
and the analyzed discussions.

Significance and contribution

This study will contribute to our understanding of teachers’ video-based learning, and in particular to the social
processes such learning entails. It will yield practical recommendations of ways to enhance the productivity of
teachers’ video-based learning. It will also shed light, more generally, on the implication of face threat and
facework on professional learning.
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Abstract: Understanding students' epistemic views is critical for educators to understand how
they work with ideas and knowledge. The present study explored how college students’ online
collaborative inquiry activities may inform their epistemic views. A mixed-method analysis
revealed that students’ online knowledge-building and inquiry activities were associated with
the change of their epistemic views. When engaging in more productive group inquiry activities,
a more sophisticated epistemic view conducive to continual idea improvement for knowledge
advancement was more likely to develop among students.

Introduction

The demand for new knowledge and novel ideas to solve existing and emerging societal problems is increasing
(Csikszentmihalyi & Wolfe, 2014; Drucker, 2011). Because ideas are essential for knowledge-creating and
problem-solving and human beings are naturally capable of idea generation, it has become increasingly more
important for educators to think about how to foster students’ creative competency to generate and work creatively
with ideas (Koh, Chai, Wong, & Hong, 2015). The educational challenge for knowledge innovation or creation,
in particular, is how to maintain sustained effort for the improvement of ideas (Scardamalia & Bereiter, 2003;
2006). Traditional educational approaches tend to emphasize the importance of acquiring and accumulating
knowledge from textbooks and instructors, while neglecting the more innovative part of transforming students
into knowledge workers who can produce and improve ideas for their knowledge work (Scardamalia & Bereiter,
2015). Papert (2000) refers this educational phenomenon as “idea aversion” (i.e., dislike of ideas), and he further
argues that typical learning environments are less likely to help students produce and work with their own ideas.
Instead, they are designed for direct instruction for teachers (cf. Sawyer, 2004; 2011). Ideas initiated by students
are treated with little value and are not much appreciated (unlike textbook knowledge that are favoured in most
learning environments).Accordingly, students not encouraged either to dedicate themselves to pursue and
materialize their ideas for the sake for knowledge advancement. To address this concern, the present study
engaged students in the process of continual production and improvement of ideas.

Epistemological views concerning idea-centered knowledge work

The important role ideas played in a knowledge-intensive society may be best explained by Popper’s (1972) three-
world epistemology. Popper postulates three different forms of ontological reality to explain how the three
epistemic worlds come into being. The three epistemic worlds are: (1) the natural/physical world (World 1), (2)
the psychological world (World 2), and (3) the humanly-constructed conceptual world (World 3). In brief, World
1 refers to natural or physical reality, and can exist by itself with no human presence. World 2 considers reality as
a mental state created in the human mind. It is a private world consisting of a person’s personal thoughts and
feelings, and the experiences of his or her perceptions and interpretations of World 1. In contrast, World 3
conceives reality as being constructed by man-made “ideas” as conceptual artefacts; these in turn give form to all
other humanly-constructed, materialistic artefacts that further substantiate the existence of World 1. Popper
especially highlights the important contribution of World 3 to human civilization that is caused by humans’
exceptional imaginary capacity to work with and act upon ideas—ideas that are readily existent or emergent—
and to transform them into feasible solutions and accepted knowledge for solving problems. Unfortunately, as
argued by Bereiter (2002), traditional school education tends to value change in a student’s mind-as-a-container
in World 2 (e.g., by delivering knowledge from authoritative sources such as textbooks and teachers to the student),
but neglect the importance of initiating students into a World 3, idea-centered, knowledge-building culture. The
question of how to transform a World 2-oriented education that highlights knowledge acquisition into a World 3-
oriented knowledge-building education remains an open pedagogical challenge.

Knowledge building pedagogy

Knowledge building is defined as a collaborative process that is focused on continuous work with ideas of value
to a community (Scardamalia & Bereiter, 2006). Knowledge building can be characterized by three distinctive
pedagogical design features: it is idea-centred, principle-based, and community-focused. First, building on
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Popper’s (1972) epistemological framing of World 3, knowledge building emphasizes the value and importance
of ideas as epistemic entities for human knowledge construction, and considers idea improvement to be at the
centre of all learning activities. Second, knowledge building employs a principle-based--rather than a procedure-
based--pedagogical design to ensure the sustained improvement of ideas (Zhang, Hong, Scardamalia, Teo, &
Morley, 2011). This design is very different from a highly structured, procedure-based instructional design for
guiding classroom practices (Reigeluth, 2013). A pre-specified procedural design usually prescribes classroom
activities in advance. Teachers are sometimes even required to carry out their instruction using certain teaching
scripts (see Sawyer, 2004). In contrast, a principle-based approach only employs a number of guiding pedagogical
principles to ensure maximum flexibility so that students can work adaptively with their self-generated ideas. For
example, the knowledge-building principle of “idea diversity” highlights the fact that diversified ideas are
essential to sustained knowledge advancement, “...just as biodiversity is essential to the success of an ecosystem.
To understand an idea is to understand the ideas that surround it, including those that stand in contrast to it. Idea
diversity creates a rich environment for ideas to evolve into new and more refined forms” (Scardamalia, 2002, p.
79). Third, knowledge building highlights community-oriented, rather than individual-oriented, knowledge
practice. While ideas must be generated by individuals, continuous improvement of ideas relies on a whole
community’s collaborative effort. In particular, the quantity and quality of the ideas being enriched and refined
are highly dependent on the effectiveness of social interactions in the community. Given the importance of
fostering students’ capacity to produce and work innovatively with ideas for knowledge work, the present study
attempts to investigate (1) whether sustained idea improvement in a knowledge-building environment is related
to a more constructivist-oriented, idea-centered World 3 epistemic view that is essential for creative knowledge
work, and (2) whether the development of a constructivist-oriented, World 3 epistemic view is related to online
collaborative inquiry activities.

Method

The participants in this study were 41 undergraduate students from a national university in Taiwan. The course
was offered by the teacher-education program in the university to students who planned to teach about nature
sciences and living technologies at primary schools after they graduate from university. The university is ranked
as one of the top 10 universities in the nation. Over the past few years, supported by a grant from the nation’s
Ministry of Education, the university has been deeply dedicated to improving its course quality, with a reform
preference toward transforming traditionally more didactic modes of teaching into more constructivist-oriented
teaching practices. This reform movement created an opportunity for KB theory and technology to be introduced
into this course as an alternative method of teaching and learning. The ages of the participants in this course ranged
from 18 to 20. The duration of this course was 18 weeks.

The duration of the course was one semester. The main goal of the course was to help students develop
a better understanding of the role of ideas in knowledge creation. To this end, they were guided to engage in the
knowledge-building process, and as a learning outcome they were required to design some living technology
products that could be used to enhance the quality of people’s daily lives. To facilitate student learning,
knowledge-building principles (e.g., “idea diversity”, as discussed above) were employed to enable cycles of
progressive idea improvement.

A pre-post survey on students’ epistemic views, focusing on the nature of ideas and using the following
open-ended questions, was employed: What are “ideas”? What are the criteria for a good idea? Why? Where do
ideas come from? Can ideas be improved? If so, why can they be improved and how can they be improved? If
not, why could they not be improved? As shown in Table 1, a coding scheme was developed, using Popper’s
(1972) conceptual framework of a three-world epistemology, to score students’ responses to the above questions
(Strauss & Corbin, 1990). If a response matched with a given coding category of an epistemic view (i.e., a World
2 or World 3 view), one point was given, with the maximum number of points for each of the two epistemic views
being three. Inter-coder reliability, using the kappa coefficient, was computed as 0.90. In addition, participants’
interaction patterns in the Knowledge Forum were analysed to provide a basic understanding of participants’
online behaviour and learning processes (e.g., the average number of notes contributed, read, built on, etc.). T-
tests were conducted to compare the differences between World 2 and World 3 epistemic views to see whether
there is any change in students’ views over time after they engaged in knowledge practice for a semester.

Table 1. Coding scheme based on Popper’s conceptualization of ideas

Theme Code Example

World 3 view of ideas Concrete object After being put into practice, ideas can be
presented in multiple forms such as a plan, a
study, a real-life object, a commercial
product, etc. (S24)
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Interaction with the Ideas can be formed from prior or present
world experiences in daily life.(S20)

Group endeavour for Ideas are usually improved after idea
advancing knowledge | interaction and group discussion. (502)

World 2 view of ideas Abstract concepts An idea is a kind of abstract thought produced
from thinking. (S19)
Reflection Ideas are one’s personal points of view about
something. (S10)
Personal knowledge Ideas can help improve one’s intelligence.
growth (523)
Results

Epistemic view

As Table 2 shows, in the pre-survey, the participants’ understanding of the nature of ideas was quite limited, as
their epistemic view scores (i.e., 0.62 for World 2 views and 0.73 for World 3 views; all three aspects combined)
were way below the average (which is 1.5, with the maximum score being 3.0). Moreover, Table 3 also shows
that there were no significant differences between students’ World 2 and World 3 views in any of the three aspects.
In the post-test, it was found that there was a change in students’ World 3 views, as their epistemic view score for
the World 3 view increased from 0.73 to 1.67 (with all three aspects combined), while their World 2 views of
ideas remained very much the same. This suggests that, after working collaboratively with ideas for a semester,
students became more aware of the important role of ideas as epistemic entities for sustained knowledge creation.
In particular, there were significant increases in the scores for each of the three coding aspects of the World 3
epistemic view. The participants tended to see that: (1) ideas can be treated not merely as abstract concepts, but
as concrete objects that can be tinkered with and modified; (2) ideas can be derived not just from reflective
thinking within one’s mind-as-a-container, but from interaction with the physical world (e.g., by interacting with
the environment); and (3) not only can ideas be used for personal knowledge growth, but they can be
collaboratively and innovatively improved to advance community knowledge. Overall, the findings suggest that
students started to develop a more informed World 3 epistemic sense that is critical for collaborative knowledge
building.

Table 2. Comparisons between World 2 and World 3 epistemic views in pre-post tests

. L World 2 view World 3 view
Test Aspects of epistemic view i D I D t-value
Concrete object 0.34 0.48 0.32 0.57 0.22
Interaction with the world 0.93 0.82 1.17 0.92 -1.08
pre-test "Advancing group knowledge 059 | 067 | 071 093 | -0.6l
Three aspects combined 0.62 0.30 0.73 0.47 -1.24
Abstract concepts 0.32 0.47 1.44 1.00 -6.40%**
post- Reflection 0.61 0.67 1.66 1.28 -4.38%**
test Personal knowledge growth 0.44 0.55 1.90 1.05 -5.70%**
Three aspects combined 0.46 0.31 1.67 0.81 =871 H**
*xEp<.001

Overall online interaction and inquiry activities

As mentioned earlier, in order to design technology products, students engaged in cycles of sustained idea
improvement that required problem identification, idea generation, idea diversification, idea reflection, and idea
synthesis. They usually began this process by identifying authentic problems derived from their personal life
experience (M=13.90, SD=9.17 for the mean number of problems identified). They then moved on to produce
initial ideas of how to address their problems of interest by posting notes online (M=27.49, SD=18.80 for the
mean number of notes contributed). To diversify their ideas, they read and/or built on one another’s notes
(M=397.85, SD=225.67 for the mean number of notes read; and M=20.83, SD=18.75 for the mean number of
built-on notes). In the meantime, to facilitate idea search and exchange for diversification, they marked keywords
within notes (M=18.22, SD=15.06 for the mean number of notes that contained keywords). To reflect on and
improve the ideas further, they tried to build on, annotate and/or revise one another’s notes (M=8.15, SD=9.65 for
the mean number of annotations; M=4.22, SD=4.02 for the mean number of revisions). They also used
customizable scaffolds to facilitate the inquiry process (M=22.41, SD=21.09 for the mean number of scaffold
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supports), with the purpose of integrating ideas for the eventual improvement of their technology products. All
the online activity measures were found to be significantly correlated with one another (.60 < r <99, p < .01),
suggesting that the more actively the participants were engaged in one online inquiry activity, the more likely they
were to engage in another activity as well.

Moreover, the learning groups in this course were formed based on individual interest in self-identified
technology problems. To examine differences in group performance, the average score (M=6.90, SD=3.87) of
students’ epistemic views obtained in the pre-post survey was used as a separation point to divide the groups into
more-informed groups (with higher scores) and less-informed groups (with lower scores). As a result, it was found
that there was a significant difference in terms of epistemic scores between the more-informed groups and the
less-informed groups (F(1, 39) =6.19, p <.05). Further analysis of online performance was conducted, and it was
found that the more-informed groups were more active, and engaged more, than the less-informed groups in all
aspects of online activities except for the reading activity. However, none of the differences were statistically
significant. But, when the length of inquiry for each group was counted and then compared, it was found that there
was a significant difference between the more-informed and the less-informed groups (F(1, 39) =4.17, p <.05),
indicating that a longer inquiry time seemed to contribute to higher epistemic view scores.

Discussion

To sum up, knowledge-building pedagogy, with a focus on sustained idea improvement, seemed to be useful as a
means to help students develop an informed World 3 epistemic view for knowledge advancement. However, if
students only focus on lower-level idea exchange and sharing activities for knowledge building, their epistemic
views may not change much. One important thing to note is that there was still room for students in even more
well-informed groups to enhance their high-level inquiry skills in order to become more effective knowledge
builders. Further studies will look into this to help us to identify more effective instructional know-how.
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Abstract: Researchers have increasingly looked at characteristics of learning organizations,
which engage in constant transformation to facilitate organizational learning in order to remain
successful. While much of this research has looked at organizational practices and the
embedded social networks within and across private firms, little research has reflexively
considered academia. Yet, professional interactions within academic disciplines that cross
narrow research specializations are critical for the continued advancement of public science. In
this study, we employ a sequential mixed-methods study design to establish a base of empirical
research that is introspective of the collaborative research environment of academia. We first
employed purposeful semi-structured interviews to understand the value academic leaders place
in cross-specialization interactions and then collected questionnaires from which we conducted
statistical and social network analyses to describe the characteristics of and variation within
disciplinary interaction networks and the relationships between network attributes and
perceptions of a positive, collaborative learning environment.

Introduction

In our research, we seek to better understand the organizational factors that facilitate a collaborative learning
environment for faculty researchers. This study therefore focuses on “research interactions,” which we define as
intellectual exchange across sub-disciplinary specializations within an academic discipline in ways that support
the sharing of heterodox scholarship. As an example of this distinction, we seek more to capture professional
interactions between a cognitive psychologist developing a learning tutor and a social psychologist researching
attachment rather than those between two linguists who frequently collaborate together. We argue, as do many
others (e.g., Maxwell, 2004; NRC, 2002; Phillips, 1993), that these diverse interactions are critical to the continued
advancement of public research and the sciences.

Prior research investigating faculty communities in higher education finds significant cultural divides
between disciplines and the sub-disciplines within them (Becher & Trowler, 2001) and characterizes the research
environment as occupationally turbulent and extremely competitive (Cameron & Tschirhart, 1992). Current
research into scholarly exchange often focuses on co-authorship and citation networks (e.g., Ding, 2011; Velden,
Haque, & Lagoze, 2010) or on building research collaboration across disciplines and within the specializations
that span them (Denicolo, 2004; Jedele, 2010). Previous research has also focused on organizational learning
through network interactions within private workplaces (e.g., Cross & Israelit, 2009) and between firms (e.g.,
Larsson, Bengtsson, Henriksson, & Sparks, 1998; Powell, 1996) and how this leads to increased productivity.
However, we found no empirical research that attempted to investigate the characteristics that support
collaborative learning that spans research specializations within disciplinary communities in academia.

To address this gap, we designed a mixed-methods, dual-stage project to develop a foundation of the
collaborative interactions among research faculty that do not share primary research interests. The first, qualitative
phase focused on conceptualizing “interaction” using in-depth, semi-structured interviews with academic leaders.
In the second, quantitative phase, we administered a questionnaire to research faculty and employed inferential
statistics and social network analysis (SNA) to understand the relationships in each disciplinary unit of our
research site.

Methods

In phase one, we generated a semi-structured interview protocol from a review of the literature. We included
questions to elucidate research interaction in formal and informal contexts as well as how these interactions
support a community of practice (Wenger, 1998). Items sought to bring to light the value researchers place on
scholarly interactions across specializations, the function and dimensions of professional trust in academia, and
how contextual factors such as the physical environment, available resources, and social hierarchy affect
opportunities for interaction.

Interviews were conducted in tandem, with one researcher as the lead and the other taking field notes to
supplement the audio recording. This phase employed responsive interviewing (Rubin & Rubin, 2012) to collect
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data and a grounded theory approach (Strauss & Corbin, 1997) to move toward an understanding of interaction.
Grounded theory allows us to consider both consensus and diversity of data to develop a rich but bounded working
definition of academic interaction that allow for variation in perspectives.

For phase two, we operationalized the dimensions identified in phase one into a two-part questionnaire
administered electronically to all tenure-track faculty in disciplinary units with doctoral programs at the university.
We define the “disciplinary unit” as the highest organizational level that represents a conceptual discipline, such
as “Psychology” or “Social Work™; thus, the disciplinary unit at times refers to different formal units within the
same university. The first part of the questionnaire asks each participant to identify colleagues in the disciplinary
unit with whom they interact, the frequency of interaction, and a set of context variables. We use these data for a
social network analysis that examines the frequency, density, and structure of each research discipline in our site
to understand the degree of variation in professional disciplinary communities. The second part of the survey
captures salient indicators of the organizational environment, including beliefs regarding the collaborative
climate, the degree that interactions across specialization lead to productive outcomes for the field, whether
interaction patterns are influenced by race and gender, and whether the local collaborative environment is
supported or impeded by factors that include technology, the layout of the physical environment, and social
hierarchy.

Research questions for the full study include:

1. How do faculty leaders understand research interactions across specialization and to what extent are they
valued for collaborative learning and scientific progress?

2. What factors impede and facilitate such interactions?

3. With what frequency do research interactions across specializations happen in disciplinary units and how
much variation is observed across a broad set of them?

4. How do characteristics of interaction networks relate to perceptions of professional climate?

Sample

This study focused on all disciplinary units engaged in significant research at a large public university listed by
the Carnegie Classification as having “high research activity.” We used the presence of a doctoral program leading
to a research Ph.D. as an indicator of a significant research focus; this led to the inclusion of 62 units. From this
set, we constructed a typology of “fields”, which are sets of disciplines with similar approaches (such as “the
humanities™).

For phase one, we categorized university and academic leaders based on the level of their responsibility
and then selected interview participants in order to obtain perspectives on scholarly interaction that cross disparate
fields, as different disciplines have significantly different cultures (Becher & Trowler, 2001). We also selected
participants to maximize demographic variation as research shows that race and gender have salient effects on
academic research contexts and networks (Sax et al, 2002; Scheurich & Young, 1997). A total of 16 academic
leaders were included (see Table 1). While we succeeded in obtaining significant gender variation (N=7 female),
the lack of people of color in academic leadership roles (as described by Aguirre & Martinez, 2007) made it
difficult to diversify based on race (N=3 nonwhite). Interviews lasted 30 to 90 minutes and were in person, with
the exception of one that was conducted by videoconference. Table 1 shows participant codes, administrative
level, and field for the phase one interviews. We interviewed two leaders at the disciplinary level of the humanities
as the units at our site do no formally define programs in a way that meets our criteria.

Table 1: Matrix of disciplines

Field: | Physical Sciences | Social Sciences | Interdisciplinary | Humanities | Professional

Example: Physics, Education, Gender Studies, English, Social Work,
Level: Biology Economics Ethnic Studies Philosophy Engineering
Above
Discipline d ? d d d
Disciplinary
Unit 3 ? ? ?3 3
Program 3 3 0 N/A 0, 0

For phase two, a custom online survey that leveraged modern web interfaces and a database backend
was designed and administered to all tenure-track faculty within identified units. The first part of the survey asked
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the participant to select all faculty with whom they regularly interact and asked them to indicate (a) if they share
the same research focus, (b) if they have collaborated in the last two years, (c) how often they interact in person
and electronically, (d) whether they would approach that individual to ask a question in their field of expertise,
and (e) whether they would approach that individual to ask a question about their professional life. From the
salient constructs that emerged from the first phase, we generated and field tested 50 survey items; each construct
had between three and seven items connected to it. We attended faculty meetings in disciplinary units to introduce
the project and to increase response rates. We additionally contacted faculty non-responders directly by email.
Only units with better than 50% response rates will be included in final analysis, and we will highlight the range
of variation we see in network density, centrality, and perceived organizational environment in our selection of
units for presentation.

Analysis

Phase one qualitative analysis

During interviewing, we performed preliminary analysis and open coded emergent topics to develop the initial
code set. We iteratively refined the protocol and code book to increase clarity and gain further insight into
emergent themes. After all interviews were completed and initially coded, we decided upon the final codebook
using a consensus model and re-coded all interviews to ensure complete coverage.

Phase two quantitative analysis

The social networks for each disciplinary unit will be constructed and correlational statistics will be used to
contextualize them. We compare network structures overall and consider centrality characteristics for individual
nodes and for researcher cliques. Aggregated to the disciplinary level, we calculate measures for network
centralization, network density, average tie strength, and clique census. From the survey questions, we calculate
aggregate measures for perceptions of open sharing of research, fairness of resource allocation, factors in the
physical environment, the use of new technology, and perceptions of cultural divides based on sub-discipline. We
then use regression analysis to determine how organizational factors are seen to facilitate or inhibit the perceived
collaborative environment and how it relates to network characteristics. We also will conduct HLM with
disciplines nested within fields to see if there are systematic differences at the field level. Finally, we will conduct
a cluster analysis on the results of the SNA and climate survey to determine where each disciplinary unit falls on
three dimensions — network centralization, network density, and an aggregate indicator of the organizational
climate.

Findings

Preliminary results from phase one participants indicate that there appear to be points of convergence across
disciplinary units and points of divergence between both units and fields. The importance of informal interactions
was consistently regarded as critical to both heterodox interaction and organizational learning in academia, which
is consistent with similar findings in the private sector (e.g., Fayard & Weeks, 2007). The time requirements for
interactions that would not directly benefit scholarly output were consistently regarded as a constraint. Most
factors, however, were more nuanced and could either inhibit or facilitate scholarly interactions. This included
affordances in the physical environment (e.g., office configurations or the availability of comfortable spaces that
encouraged informal meetings), leadership practices and staff support, resource allocations, cultural divides
between sub-disciplines, and differential treatment and expectations of women and researchers of color.
Technology was notable as it is substantially changing the organizational context in ways that most academic
leaders believe are not yet clear: new communication modalities were often cited as a benefit to formal interaction,
but the lack of physical presence due to off-site work was a significant inhibitor to informal interactions.

Conclusions and implications

We find that all the academic leaders interviewed agreed that organizational practices and environmental
affordances affect faculty interdynamics. Our study further establishes an empirical base quantifying the variation
of characteristics. These include the collaborative environment and interaction networks within disciplinary
communities of practice in academia. A limitation of our study is that the singularity of each discipline in our
site prevents us from drawing inferences about broader cultures within disciplines or specializations. Future
research will investigate whether variations are generally consistent, as well as provide insights into how
interaction networks across schools might impact the role of local disciplinary units as learning organizations.
More data is also needed to understand leadership policies that can improve the collaborative environment and
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how knowledge transfer in research-based universities compares to private workplaces, where an established
research base on organizational learning already exists.
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Abstract: In light of the regulatory focus (RF) theory, an intervention was designed to promote
student learning through differentiated feedback and then implemented in an undergraduate
statistics course. Sixty-seven students were randomly assigned to receive the feedback that
either fit or did not fit their RF. Results revealed a significant interaction between an individual’s
RF and the type of feedback received after controlling for the student’s prior achievement. In
particular, the students demonstrated better performance when receiving the fit feedback than
the non-fit feedback. Further analysis of different performing groups showed that this identified
interaction was significant only for the middle performing students, but not for the lower or
higher performing groups. The findings suggested that the student’s RF may moderate the
impact of feedback on students’ statistics performance, and this moderation pans out differently
depending on the student’s previous achievement.

Introduction

Feedback is often considered as an essential component in learning and teaching. Extant literature indicates that
to become effective, feedback must be adaptive (Nicol, 2010) and be addressed in the context in which learning
occurs (Hattie & Timperly, 2007); otherwise, feedback would produce inconsistent effects on learning outcomes
due to the variations in student characteristics (e.g., Malachowski, Martin, & Vallade, 2013).

Unfortunately, many undergraduate classes afford limited opportunities for the instructors to provide

adaptive feedback for each student (Voelke, 2013). The content of the feedback is often neither sufficient (Jacobs
& Chase, 1992) nor adaptive (Nicol, 2010) to have desirable effects on learners. Moreover, very little effort has
been made to examine the effectiveness of feedback (Price, Handley, Millar, & O’Donovan, 2010).
This study attempts to address these challenges by implementing a differentiated feedback strategy in an
introductory statistics class in light of the regulatory focus (RF) theory (Higgins, 1997). In particular, we designed
differentiated feedback to become aligned with the student’s achievement levels and framed the feedback so that
it would either fit or not fit the learners’ RF. The major goal of this study is to determine to what extent the fit
between the individual’s RF and the type of feedback would affect students’ course performance. We were also
interested in whether such effect would differ for students with different previous achievement in statistics.

Regulatory focus

According to regulatory focus (RF) theory (Higgins, 1997), there are two distinct systems of self-regulation—i.e.,
promotion and prevention—which regulate goal-directed behaviors. The promotion system is mainly concerned
with aspirations, accomplishments and advancement. Individuals with a promotion focus are inclined to focus on
“the pleasurable presence of positive outcomes (Higgins et al., 2001, p. 4)”, and therefore, use promotion
strategies, such as risk taking and eager advancement, to achieve ideal goals. In contrast, the prevention system is
primarily concerned with duties, obligations, and responsibilities. Individuals with a prevention focus tend to be
prudent and precautionary to avoid negative outcomes (Crowe & Higgins, 1997).

Regulatory focus influences the motivational effects of feedback via regulatory fit (Higgins, 2000). When
there is compatibility between an individual’s goals and the types of feedback provided, regulatory fit occurs, and
that leads to an increase in motivation and performance (Higgons, 1997). Past studies have examined regulatory
fit in various fields (e.g., Florack & Scarbis, 2006) and in higher education (e.g., Shu & Lam, 2011). These studies
indicate that a message can motivate people more effectively in fit conditions compared to non-fit conditions.

Methods

Participants and context

The study was conducted in a three-credit undergraduate course, Elementary Statistics, offered to the whole
campus by the Department of Mathematics and Statistics at a state university in a Midwestern state in the US.
Due to its large enrollment, the class was divided into 13 sections, with approximately 30 students each. Six
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instructors were assigned to teach this course, with each teaching up to three sections. Since this study was a pilot
project instead of a full-scale implementation, students from three sections (n = 90) taught by the same instructor
participated in this study.

Design and procedures
In the first week of the semester, we invited the 90 students to complete a Regulatory Focus Questionnaire (RFQ;
Higgins et al, 2001) and received 67 complete responses with a completion rate of 74.4%. Based on the responses,
46 students were identified as having a promotion focus, the other 21 students a prevention focus.

We randomly assigned the students with a promotion focus to receive either promotion or prevention
feedback and repeated the same procedure to the students with a prevention focus (see Table 1). Taken together,
35 students received the “fit” feedback and 32 students received the “non-fit” feedback in this study.

Table 1: Students receiving promotion or prevention feedback through random assignment.

Students with Promotion Focus  Students with Prevention Focus Total
Receiving Promotion Feedback 24 (fit) 10 (non-fit) 34
Receiving Prevention Feedback 22 (non-fit) 11 (fit) 33
Total 46 21 67

Over the study, five quizzes were administered approximately every three weeks to evaluate student performance.
The students took their first and second quizzes in the third and sixth weeks of the semester. The average scores
on these quizzes were considered as the baseline data for student achievement prior to the intervention. After the
second quiz, the students started to receive performance feedback about one week after each quiz. They would
also receive a quiz reminder about a week before each quiz. Both the performance feedback and the reminder
were differentiated to match either the promotion focus or the prevention focus. Moreover, the performance
feedback was differentiated to align with the students’ quiz performance levels.

Measures

Regulatory focus
To assess the students’ RF, we used the Regulatory Focus Questionnaire (RFQ), which was composed of eleven
Likert items asking the respondents’ preference for promotion or prevention tasks (see Higgins et al, 2001).

Prior achievement
Students’ prior achievement was determined by the average scores of Quiz 1 and Quiz 2.

Statistics performance

Statistics performance, evaluated based on the average scores of Quiz 4 and Quiz 5, was treated as the dependent
variable in this study. Quiz 3 was excluded from statistics performance because its format was different from
other quizzes.

Findings

Baseline performance
An independent-sample ¢ test suggested no significant difference in prior achievement between students assigned
to the fit condition and those in the non-fit condition (M, = 69.94, Myoni= 68.41, #65) = .37, p = .72).

Overall effect of differentiated feedback on statistics performance

An analysis of covariance (ANCOVA) was conducted to determine the effects of the feedback on students’
achievement. The dependent variable was the students’ statistics performance. The independent variables were
the students’ RF and the type of feedback. The covariate was their prior achievement. The Levene’s test was non-
significant (p = .10), suggesting the assumption of homogeneity of variances was not violated. The results showed
a significant interaction between the individual’s RF and the feedback type (F(1, 62) = 5.09, p < .05, r]lz, =.08),
suggesting that matching the feedback to the individual’s RF might significantly affect student learning (see Table
2). Subsequent analysis revealed that the fit group had higher statistics performance (M = 61.80, SD =23.81) than
the non-fit group (M = 53.98, SD = 34.35), although the difference was not significant (#(54.60) = 1.07, p = .29).
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Analysis of students from different achievement groups

Students were divided into higher (» = 23), middle (n = 23), and lower (n = 21) performing groups based on their
prior achievement in statistics. An ANCOV A was conducted within each group. The results of the Levene’s tests
were non-significant for all the three groups (all p’s > .10). Results are presented in Table 2.

Table 2: ANCOVA results for the whole sample and the subgroups.

n df F D UH

‘Whole sample 67 RF 1 8.691 .005** 123
Feedback 1 10.166 .002** 141
RF * Feedback 1 5.091 .028* .076
Higher performing 23 RF 1 .050 .825 .017
Feedback 1 1.156 297 .003
RF * Feedback 1 305 587 .017
Middle performing 23 RF 1 3.592 .074 .166
Feedback 1 9.798 .006** 352
RF * Feedback 1 7.870 .012%* 304

Lower performing 21 RF 1 4.802 .044* 231
Feedback 1 2.004 176 11
RF * Feedback 1 2.055 171 114

Note: *p < .05. **p < .01.

For the higher performing group, neither the feedback nor the students’ RF was found to have a significant impact
on the students’ statistics performances. The interaction between the two variables was not significant, either (all
p’s>.10). As Figure 1 shows, the students from the fit group had slightly lower scores than those in the non-fit
group on every quiz of the semester, which seemed to be inconsistent with what the RF theory predicts.

100

87.07 9
80 o7 85.93 81
60 . 55. = . 69.03 . orit
40 : @=—=@Non-fit
20
0
Quiz 1 Quiz 2 Quiz 3 Quiz 4 Quiz 5

Figure 1. Average Score Comparison for Higher Performing Group.

For the lower performing group, the individual’s RF was found to be significantly associated with the student’s
statistics performance. But neither the feedback nor its interaction with the RF was significant (all p’s > .05). The
students from the fit group had lower performance on Quiz 1 than the non-fit group, but they consistently achieved
higher scores on the subsequent quizzes than their counterparts from the non-fit group (See Figure 2). Notably,
the achievement gap between the fit and non-fit groups was larger on Quiz 4 and Quiz 5 than the first three
quizzes. So, there might be subtle effects of the differentiated feedback (F(1, 16) = 2.055, p = .171,n; = .114)
that are worth investigating in the future.
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Figure 2. Average Score Comparison for Lower Performing Group.

ICLS 2016 Proceedings 797 © ISLS



Interestingly for the middle performing group, the student’s RF was not significantly related to their statistics
performance, but the feedback seemed to have a significant impact (F (1, 18) = 9.798, p = .006, nf, = .352).
Moreover, the interaction between the feedback and the individual’s RF was significant (¥ (1, 18) = 7.870, p =
.012, n;; = .304). On the first three quizzes, the students from the fit group had comparable average scores with
the non-fit group, but they outperformed their counterparts on Quiz 4 and Quiz 5, as shown in Figure 3. Further
analysis indicated that the students who received the fit feedback had higher performances than those who received
the non-fit feedback, although the difference was not significant (p > .05).

Quiz 1 Quiz 2 Quiz 3 Quiz 4 Quiz 5
Figure 3. Average Score Comparison for Middle Performing Group.

Conclusions and implications

This pilot study applied the RF theory in an undergraduate course setting and generated empirical evidence about
the extent to which the individual’s RF could moderate the impact of feedback on student achievement. Results
suggested that the alignment between the students’ RF and the type of feedback could significantly affect learners’
achievement. The findings further suggested that the learners’ prior achievement could play a role in their
responses to the feedback. In the middle- and lower-performing groups, the students receiving the fit feedback
demonstrated better course performance than those receiving the non-fit feedback, but the pattern was not
observed with the higher-performing group. When designing feedback, it is important to consider both the
learners’ RF and their prior achievement in order to improve their performance. It also seems necessary to explore
better strategies to motivate the higher-performing students.
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Abstract: During a Solar Ovens project in which middle school students design, build, and test
solar ovens, students should also engage with science content to strengthen their designs. We
integrate these two areas by using an interactive computer model to show how design decisions
impact energy transformation inside a solar oven. This study investigates how students use a
computer model to connect design decisions and science concepts at different points during a
design project. Students engaged in either planning or reflecting by using the model before
building or after, respectively. Students in the planning condition used the model in an
exploratory manner, while students in the reflecting condition used the model to confirm the
results of their physical solar ovens. Results suggest that using the model is helpful during both
phases, but using the model during the p/anning phase helped students to better integrate their
ideas about energy.

Keywords: science, engineering, computer models, technology, knowledge integration

Introduction

This research investigates how an interactive computer model could help students understand the interplay
between science principles and engineering design decisions while carrying out a hands-on design project in a
classroom setting. Often when students build a physical model they neglect the scientific basis for their decisions
(Crismond, 2001). We address this challenge by engaging students in using a computer model that connects the
science principles to their design decisions, consistent with the Next Generation Science Standards (NGSS)
emphasis on science and engineering practices (NGSS Lead States, 2013). Interactive computer models can help
students connect science principles and design decisions by making mechanisms such as energy transformation
visible (Snir, Smith, & Grosslight, 1993; Wilensky & Reisman, 2006). Our research explores the effectiveness of
the computer models, including whether they introduce confusions rather than supporting links between design
decisions and energy concepts.

We used the knowledge integration framework to create a unit about solar ovens, with the goal of
connecting design decisions and scientific principles (Linn & Eylon, 2011). The knowledge integration framework
has proven useful for design of instruction featuring dynamic visualizations (Ryoo & Linn, 2012) and virtual
design activities (Chiu & Linn, 2011; McElhaney & Linn, 2011). The framework supports linking of ideas by first
eliciting all the ideas students think are important, then engaging them in exploring their ideas. When students
build a physical artifact they can often only test a few of their ideas due to time and material constraints. Modeling
allows students to explore many more ideas.

Besides testing the overall advantage of modeling for knowledge integration, we also investigate whether
it is more effective to use modeling to connect design decisions and principles prior to building a physical model
or following the model construction and testing. Modeling before building the physical oven could help students
distinguish among alternatives such as whether to line the inside of the solar oven with black paper or with foil.
Modeling after building a physical model could enable students to test conjectures that arose during the
construction of the oven. The computer model we designed illustrates the flow and transformation of energy in a
solar oven and allows students to make design choices and compare multiple designs

Methods

Participants and procedures

Two teachers from one middle school serving a diverse population (42% reduced Iunch, 13% ELL) participated
in this study. A total of 252 sixth grade students participated in this study, completing a pretest, the curriculum
unit, and a posttest. The pretest was conducted one day before beginning the unit, and the posttest one day after
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finishing the unit. Both the pretest and posttest were administered to students individually. Pairs of students were
assigned to collaborative workgroups by their teacher to work on curriculum. Workgroups were randomly
assigned to a condition (planning or reflecting) by the software and received the same activities in different orders.

Curricular materials

This study was implemented in a curriculum module entitled Solar Ovens and Solar Radiation (referred to as
Solar Ovens in this paper). The goal of the unit was to familiarize students with the way energy transforms from
solar radiation to heat through a hands-on project and interactive models, covering the modeling aspect of the
Science and Engineering Practices of the NGSS, as well as the standards associated with energy, specifically
standards related to the transfer of thermal energy (NGSS Lead States, 2013). Students engaged with the
curriculum in WISE (Web-based Inquiry Science Environment), utilizing a variety of instructional and assessment
tools (Linn & Eylon, 2011).

Table 1: Solar Ovens Curriculum. Students used the model EITHER for planning or for reflecting.

Activity Description & Items of Interest

Introduction to Solar Ovens | Elicit initial student ideas about energy transformation

Solar Radiation and the Energy comes as radiation from the sun; energy can be absorbed or reflected. Students

atmosphere use a simulation to investigate energy.

Solar Radiation and Describes how energy interacts with greenhouse gases. Students use a model to

Greenhouse Gases (GHGs) | investigate how addition of GHGs impacts energy.

Model for planning Students use an interactive model to investigate how radiation works in a solar oven

condition [Trials item]

Design, Build, Test 1 Design oven under budgetary constraints using a draw tool, build, test under a heat lamp
using a temperature probe to collect data

Design, Build, Test 2 Students reflect on what was learned from the first iteration; use new budget constraints to
repeat process [Learn item]

Model for reflecting Students use an interactive model to investigate how radiation works in a solar oven

condition [Trials item]

Reflect Students describe how their solar ovens work using energy from the sun; make
connections between solar ovens and the atmosphere [Atmosphere item]

Table 1 displays the general layout and features of the Solar Ovens curriculum unit. In this study we
highlight those steps after the conditions diverge, specifically the embedded Trials, Learn, and Atmosphere items.
In the Trials item students were asked to run at least three trials on the solar oven model, then write about what
settings they used, how hot the oven got, and how long it took for the oven to get that hot. In the Learn item,
which occurred between the two Design, Build, Test (DBT) iterations, students were asked what they learned
from their first trial and how they will improve their design during the second iteration based on what they learned.
In the Atmosphere item, students were asked to compare and contrast how radiation works in the atmosphere and
in a solar oven.

The solar oven model was designed using NetLogo (Wilensky, 1999) (Figure 1). Each time students
viewed a model, they made a prediction, interacted with the model to test their prediction, and wrote about whether
their prediction was correct or incorrect and why.
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Figure 1: Screenshot of solar oven model (left) and solar radiation and the atmosphere model (right)
Test materials

The pre- and posttest assessments measured student ability to link concepts about energy. Typically the items
offered a choice among options and asked for a written explanation of the choice, consistent with the knowledge
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integration emphasis on linking ideas. For example the, Car on a Cold Day (Car) asked students to explain what
would happen to a car left in the sun during a cold day. In another item, Laura’s Car, students were asked what
color interior and exterior Laura should have on her car in order to keep it the coolest on a sunny day (Laural),
and to explain whether or not Laura should use a sun shield to keep her car cool (Laura2). Students were also
shown two pictures, of greenhouse gases in the atmosphere and of a greenhouse, and asked to compare them in
Greenhouse Gases 1 (GHGI), then asked to compare the atmosphere and a greenhouse with a solar oven in
Greenhouse Gases 2 (GHG2). One item, Model, asked students to use a basic solar oven model to answer help a
fictional student determine whether a tall, skinny box or a short, wide box would heat up faster. The pretest is
made up of the Car, Laural, Laura2, GHGI, and GHG?2 items, while the posttest is made up of these same items
with the addition of the Model item.

Analysis approach

To measure knowledge integration, the items were scored using knowledge integration rubrics to assess links
between multiple normative science ideas (Linn & Eylon, 2011; Liu et al, 2008). The knowledge integration rubric
for Cars shows how links are scored (Table 2).

Table 2: KI scoring rubric for “Car on a Cold Day” pre/post open response item

Score Level Examples
0 No Answer
1 Off Task 1 don’t know.
2 Irrelevant/Incorrect The inside air and the outside air are the exact same temperature because
the sun is not enough to heat the inside if the car.
3 Partial The solar radiation would go through the metal and would stay in the car
Normative isolated ideas when the outside air wouldn't be able to get inside.
without a valid link
4 Basic it would be warmer than the outside air because if the car hasn't been
Elaborate a scientifically driven for a week and its been in the sun the whole time the car will
valid link absorbe the heat and scence there is know way the heat can get out of the
car the heat will just keep building up.
5 Complex The sun produces solar radiation which heats up the car and the infrared
Elaborate two or more radiation gets trapped in the car which leads to the temperature rising.
scientifically valid links

The Learn and Atmosphere items were scored using knowledge integration rubrics, while Trials was
evaluated using an adjusted knowledge integration rubric. Trials was evaluated for use of numerical evidence,
mention of energy transformation mechanisms, and completion of 7rials, with students earning one point for each
piece included in their response for a possible total of three points.

Results

Students in the planning condition outperformed students in the reflecting condition on posttest [planning:
M=15.54, SD=0.32; reflecting: M=14.83, SD=0.26]. A t-test of pooled pre- and posttest data across conditions
(Car, Laural, Laura2, GHG1, GHG? items) revealed a significant effect of testing session [#(473) = -5.81, p <
0.001], demonstrating that across both conditions students made gains from pre- to posttest. A regression model
showed that posttest scores were significantly influenced by condition when controlling for pretest scores [F(247)
=27.11, p=0.05], suggesting a benefit from interacting with the model earlier during the unit.

These results suggest that interacting with the solar oven simulation before DBT might be most
beneficial, if time constraints allow for only one modeling phase. Additional support for this claim comes from
the Model posttest item. Students in the planning condition performed slightly better than students in the reflecting
condition [#240) = 1.88, p < 0.06]. This is surprising since students in the reflecting condition would have the
added benefit of interacting with a similar computer model recently (during the end of the unit), while
approximately one week had elapsed for students in the planning condition since they interacted with the
embedded model.

Students in the planning condition also performed better on scored items embedded in the unit [Learn:
1(248) =2.43, p < 0.02; Atmosphere: t(248) = 1.83, p < 0.06; Trials: (248) =4.10, p < 0.001]. Higher scores on
the Learn and Atmosphere items, which were scored using a knowledge integration rubric, indicate that students
were able to add more normative ideas and connect their ideas together. Higher scores on the Trials item indicates
students used the model to run trials of their existing or future ovens, wrote about the results using numerical
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values, and connected the energy concepts with their design choices. A regression model also showed that posttest
score across conditions was by influenced by score on the trials item, when controlling for pretest score [F(247)
=30.57, p <0.02], indicating that students who scored higher on the #rials item were more likely to score highly
on the posttest.

Conclusions and implications
This study shows how students use computer models in conjunction with hands-on activities. This combination
allows students to connect science concepts to their design decisions.

During the Solar Ovens unit, the modeling activity strengthened the links between the science concepts
and design decisions, offering students a space to plan and test their designs in the planning condition, or to
confirm their results and make further connections after they engaged in design process (reflecting condition).

Students who used the interactive model for planning during the unit were more likely to make gains on
the integration of energy concepts between pre- and posttest. Many students in the reflecting condition used the
model for very simple confirmatory analysis of models they had already built, which was not as helpful as using
the model during the planning phased to connect science and design ideas.

In future studies we plan to explore patterns of student interactions with the model by collecting log data.
The log data will consist of the clicks students make within the model and the time at which they make them.
Using this data, we will also be able to evaluate the amount of time students spent on the model, how that differs
by student pair, and how systematic or unsystematic students explorations with the model are. Some early research
has been done on analysis of student log data from interactive computer models, showing that this is a feasible
addition to our research on student use of computer models (Conati et al, 2015).
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Examining the Influence of Teacher’s Framing of Modeling
Practices on Elementary Students’ Engagement in Modeling
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Abstract: Scientific modeling is one of the core scientific practices that are critical to learner’s
knowledge-building. Despite the increasing emphasis on scientific modeling in the community
of science education, more information/research is needed to better inform teachers as to how
they can support epistemically-rich, non-procedural engagement in modeling. In this study, we
use Epistemologies in Practice as our theoretical framework to examine students’ engagement
in modeling practice. We used a comparison approach to analyze 26 classroom video recordings
in order to understand how two teachers framed modeling practices in the same modeling-based
unit. In doing so, we analyzed what support teachers provided students as they engaged in
modeling and how that might have led to students’ engagement in several epistemic aspects of
modeling practices. Our findings suggest that how teachers framed the purpose and goals of
modeling appeared to have a great influence on how students engaged in the modeling practice.

Introduction

Within the past two decades, reform efforts in science education (National Research Council, 1996) have
increasingly called for engaging students in authentic scientific practices such as scientific modeling,
argumentation, and scientific explanation that resemble the intellectual work of scientists. This “practice turn”
with respect to K-12 reform efforts (Ford & Forman, 2006) recognizes the importance of engaging students in
communities of practices (Wenger, 1998) where they become active participants in generating knowledge and
figuring out how the natural world work the way they do. Therefore, it is critical for students to engage in scientific
practices in a scientifically meaningful rather than a procedural way. Among scientific practices, scientific
modeling has been considered particularly important since constructing, testing, and revising models lies at the
heart of scientific endeavor (Lehrer & Schauble, 2006). In the recent release of the Next General Science Standards
(NGSS; NGSS Lead States, 2013), scientific modeling is highlighted as one of the eight core scientific practices
in which students should engage in order to make sense of the world. However, little is known about how teachers
can support students’ scientifically meaningful engagement in scientific practices in general, and scientific
modeling in particular, as required by the NGSS.

In this study, we addressed this critical need by examining how teacher’s overall framing of scientific modeling
might influence students’ engagement in the modeling practices. We focus on teachers’ framing because teacher’s
values and goals of the practice, as well as the way they frame it can influence how the practice unfolds in
classroom (Berland & Hammer, 2012). By comparing and contrasting two teachers’ framing of modeling practices
in the same modeling-based unit, we seek to understand what support teachers might provide with students while
engaging in modeling and how it might, or might not lead to students’ engagement in various aspects of modeling
practices. In particular, we ask the following two research questions,

1. How do the teachers frame the purposes or goals of modeling practices over the course of a model-based
unit?

2. How might teachers’ framing of modeling practices influence students’ engagement of scientific
modeling?

In this paper, we use Epistemologies-in-Practice framework (in press) developed by our larger research
group as our theoretical framework to examine students’ engagement in modeling practice. We argue that in order
to make students’ engagement in modeling scientifically meaningful, students must be guided by the epistemic
considerations that characterize some of the norms and values of science. By epistemic considerations, we refer
to the purposes and goals of the work students are engaged in. For example, developing and revising models that
address the mechanism of phenomena lies at the core of the scientific endeavor; therefore, considering the degree
to which an explanation is mechanistic should guide learners who are engaged in modeling practice. We termed
these epistemic considerations that frame and guide practices “epistemologies in practice” (EIP). The term
Epistemologies in practice refers to both the practice-based perspective of student learning and the emphasis on
students’ epistemological ideas in use. This EIP framework is helpful for this study because not only can we
capture the nature of students’ engagement in modeling practices, we could also use this framework to see how
teachers support students’ development in epistemic considerations of modeling in classroom community.
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The EIP framework focuses on four epistemic considerations (ECs), Nature, Generality, Justification,
and Audience. The Nature EC refers to students’ ideas about the nature of the model or the kind of answer the
model should provide, which could range from describing what happens in details, to identifying key factors of
the phenomena, to explaining how and why something happens. The Generality EC relates to how specific
phenomena or experiences relate to one another and to more general scientific ideas. A student who is viewing
his/her model as connecting a range of phenomena could apply the model to a specific phenomenon or explain
how multiple phenomena are accounted for in the model. The Justification EC focuses on students’ thought about
why their ideas in the model are correct. A student could include the information that others told him/her to include
without justification or he/she could use empirical evidence or theoretical information to justify his/her model.
The Audience EC reflects how students identify and orient their model for a particular audience and their
understanding of how that audience will use their model. A more detailed description of the four epistemic
considerations will be included in the full paper.

Methods

Contexts and participants

To investigate our research questions, this paper reports on the analysis of two 5th grade classrooms taught by
two teachers (Mrs. M and Mr. H) in a Midwest suburban elementary school during the 2012-2013 academic year
who have worked with our research group for 7 years on how to engage upper elementary students in scientific
modeling. As a result, we have a long history and extended involvement and interactions with both teachers. Both
teachers taught a 6 to 8-week model-based unit about evaporation and condensation; for both, it was their 4th time
teaching the unit. In the unit, students are asked to address a driving question whether or not they would drink the
liquid from a solar still. To answer this driving question, students constructed an initial diagrammatic model to
explain the phenomenon, and continuously evaluated and revised their models using evidence from their empirical
investigations and scientific information. The evaluation and revision process involves discussions within small
groups and whole class. In each teacher’s classroom, we focused on one group of students (called “focus students™)
and video recorded them while they are constructing their consensus models. Each group consisted of four students
selected by the teacher.

Data collection

The primary data for this paper include video-recordings of every lesson each teacher taught except those in which
students were expected to do investigations or explore computer simulations of molecular movement. In those
modeling lessons we video-recorded, students were expected to construct, revise and evaluate their models of
evaporation and condensation. These lessons were critical for showing us how the teachers framed modeling at
different stages of the curriculum as well as how students were engaged in the practice of modeling, both in whole-
class and small group settings. Each recording was transcribed and analyzed. In total, we analyzed about 12 hours
of classroom-recorded lessons from the unit for each teacher. Each 45-minute class period for the unit usually
consisted of both whole class discussion led by the teacher and small group discussions among students.

Data analysis

In order to answer the first research question, we analyzed what the teacher said to students in each lesson. First,
we summarized how the teacher talked about the purposes or goals of modeling in each lesson. The unit of analysis
was an utterance, which we define as bound by a clear pause or silence. Next we used a modification of grounded
analysis (Glaser & Strauss, 1967) to identify patterns across the summaries of teachers’ goals. This was iteratively
conducted for each teacher. By comparing and contrasting those summaries, we collapsed them into a more
general theme that represents the teachers’ overall framing of modeling practices over time.

In order to answer the second research question, we analyzed the small group discussions among focus
students when they constructed consensus models of evaporation and condensation. Similar to the analysis of the
teachers’ talk, the unit of analysis was an utterance. Since we were interested in whether students are engaged in
the modeling practices in a scientifically meaningful—rather than procedural—way, we used two codes to analyze
group discussions: epistemic and task-oriented. While epistemic utterances convey students’ ideas about the
purposes or goals of modeling practices as our EIP framework suggests, task-oriented utterances focused on how
to finish the tasks. Therefore, task-oriented utterances often involved questions or suggestions about what to
include in the group model specifically without explicitly stating the rationale for doing so. We also used the four
epistemic considerations to identify which epistemic considerations students’ considered and how that might have
been influenced by the teachers’ framing.
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Findings

Teachers’ framing of modeling practices

Analysis of video-recorded data indicates that Mrs. M emphasized the notion that “use models to explain different
phenomena” consistently throughout the unit. This framing of modeling highlights the utility of models and
incorporates both the Generality and Nature epistemic considerations. The following excerpt exemplifies what
Mrs. M’s framing looked like in the classroom and can be seen in 33 other utterances throughout her instruction.
At the beginning of that particular class period, Mrs. M explicitly stated the goal of what they would be doing as
a class, “today is evaluating our consensus models and come up with ways that we can use our consensus model
to apply to other phenomena.” The conversation happened in the middle of that class period when students were
presenting their group consensus model of evaporation in front of the class.

Mrs. M: Your group used open cup-closed up as your phenomenon of your model.
Selina, I'd like you to use this model to explain what happens to the dew on
the ground in the morning and why it’s not there when you get out.
[Framing of modeling: Explain different phenomena]

Selina: So like the water would be the dew. The water molecules in contact with air
molecules and they evaporated.

Mrs. M: What happens to those water molecules when they meet the air?

Selina: When the air molecules hit the [water] molecules, it depends on the

temperature at the time, it’s gonna turn into water vapor and go out.

In this excerpt, Mrs. M asked Selina to use their consensus model to explain a new phenomenon, dew
disappearing from the grass, which reflects Mrs. M’s overall framing of modeling, “use models to explain different
phenomena.” In other words, Mrs. M focused on the explanatory nature of models and how it can be applied to
different phenomena.

In comparison, Mr. H often highlighted the idea of “scientifically correct information should be put into
models.” This framing of modeling highlights the role of the model as an end product rather than an explanatory
tool. For example, when his students were to revise their initial models of evaporation after some investigations
of phenomena of evaporation, he said, “All this information we’ve been gathering, should be in our model
somewhere.” Throughout the unit, Mr. H had similar utterances about this ‘model as container of correct
information’ notion of modeling and focused on the correctness of information that students put into their models.
In addition, later in the unit, Mr. H started to worry about the amount of time his students spend constructing the
consensus models within the small group. Therefore, one of the goals of the modeling practice became “finish in
time.” Mr. H explicitly told his students “the goal today is trying to finish this up”, and also made “majority rule”
the criteria to solve disagreement among group members instead of other scientific criteria such as how the model
is supported by empirical evidence in order to speed up the consensus modeling process.

Teachers’ influence on students’ practices

Analysis of small group conversations when students’ were constructing consensus models of evaporation and
condensation, mirrors the framing teachers’ shared with students above and indicates that students in Mrs. M’s
class tend to focus on the epistemic aspect of modeling practices. For example, during a 20-minute group
discussion when Mrs. M’s focus group were constructing their consensus model of evaporation, we recorded 16
utterances of Nature EC talk, 6 utterances of Generality EC talk, 8 utterances of Justification EC talk, 5 utterances
of Audience EC talk and 9 utterances of task-oriented talk from the focus group. Below we present an excerpt
from that discussion that is representative of how Mrs. M’s focus group engaged in the practice of the constructing
consensus model.

Sue: We have to explain it didn’t seep through the cup, if someone asked that.
[Justification] Our model cannot explain that. [Nature]

Jack: Well does this explain how paint dries? [Generality]

Sue: Yes. The water molecules are leaving. This explains how nail polish dries. It

also explains how you can smell stuff because molecules go away carrying
scent. [Generality]
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Emilia: How about label? Did you label it? Like an open cup. [Task-oriented]

Ben: We know it’s an open cup. If you shaded it in, it’s obviously a closed cup. I
bet if you show it to somebody, they would know this is uncovered and this
is covered. [Audience]

Emilia: I’m just saying, it’s good to label, just, just saying.

As the transcript indicates, at the beginning of the conversation, Sue thought about an alternative idea
about why water disappeared over time (water seeping through the cup instead of going to the air) and she
proposed to justify in the consensus model why water molecules going to the air is correct, which relates to the
Justification epistemic consideration. Then Jack asked the question, “Well, does this explain how paint dries?”
Jack’s question was very important for answering our second research question because it reflected Mrs. M’s
framing of modeling, “using models to explain different phenomena.” In the previous excerpt, Mrs. M asked one
student to apply their model to explain why dew on the grass disappeared. Here, Jack was echoing Mrs. H’s
questions, asking his peer if their consensus model is general enough to explain other phenomena such as paint
drying. Multiple instances of the group work indicate that Mrs. M’s framing of modeling may influence the kind
of question Jack posed to the rest of the group.

Compared to students in Mrs. M’s class, students in Mr. H’s class tended to be more task-oriented or
procedural while engaging in modeling practices. The nature of the focus group conversation is task-oriented most
of the time and occasionally they attended to Nature EC as they were trying to figure out the mechanism of
evaporation or condensation. For example, compared to 21 utterances of task-oriented talk, we only observed 5
utterances of Nature EC talk when the focus students were constructing the consensus model of evaporation during
a 20-minute discussion. Also, the group did not attend to any other epistemic considerations during that period of
time. We hypothesized that the procedural nature of the conversation might result from how Mr. H framed the
purpose and goals of modeling overall, seeing models an end product.

Conclusions and implications

The analysis indicates that Mrs. M and Mr. H framed scientific modeling differently — Mrs. M framed the
modeling process as a tool to explain multiple phenomena, while Mr. H framed model as an end product filled
with scientifically correct information. We can also see how the framings were echoed in their students’ small
group work respectively. As shown above, the small group work from Mrs. M’s class focused on multiple
epistemic considerations of modeling practices while Mr. H’s mostly focused on procedural aspects of modeling
practices such as labeling components.

The findings suggest that how teachers frame the purpose and goals of modeling might have a great
influence on how students engage in the practice of modeling. Students will engage in a more scientifically
meaningful way if the teacher supports them in thinking about the epistemic considerations. In addition, the
findings indicate that it is important to consider modeling practices in school settings where other goals of
instruction co-exist. In order to make the practice scientifically meaningful for students, teachers should balance
those goals and provide a learning environment that prioritizes the epistemic considerations of modeling practice.
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Learning the Learning Sciences:
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Abstract: The sociocultural perspective is one of the key ideas of the Learning Sciences. For
the field to sustain and expand its collective knowledge and practices, it is vital to enculturate
sociocultural thinking to new generations of scholars and practitioners. In this short paper, we
advance this goal by investigating the way students who study the Learning Sciences come to
view learning from a sociocultural perspective. Here, we focus upon one case study within the
context of an affiliate of the Network of Academic Programs in the Learning Sciences. Our
findings indicate three ideas that signify sociocultural thinking: (1) Collaboration-as-learning;
(2) Culture as relevant to learning; and (3) Learning as a process.

Keywords: collaboration, enculturation, higher education, learning community, sociocultural

The teachers of the future will be knowledge workers... They will deeply understand the theoretical
principles and the latest knowledge about how children learn. (Sawyer, 2014, p. 730)

Introduction

The aim of this research is to elucidate the way students come to view learning from a sociocultural perspective.
This is the subject of intense interest for the Learning Sciences (LS) research community, which has been deeply
influenced by sociocultural theories and seeks to sustain and expand its collective knowledge and practices to new
generations of scholars and practitioners. While there have been many efforts to make LS content accessible to
students, such as through textbooks like How People Learn (Bransford, Brown, & Cocking, 2000), an extensive
collection of webinars that cover the foundations of the discipline (isls-naples.psy.lmu.du), and in dozens of
international graduate programs, only few empirical studies relate to how students learn the ideas of the discipline
itself (e.g., Rogoff, 1994). By focusing upon the sociocultural perspective, we may not cover the entire field, but
do capture some of the most significant and complex ideas that newcomers must master to participate in LS
discourse (Sawyer, 2014).

This research is motivated by our experiences as graduate students, instructors, and researchers within a
unique learning community: The Educational Technologies Graduate Program (Edtech) at the University of Haifa,
Israel. Founded in 2005, Edtech has gradually grown over the years to include approximately 20 Master’s level
students in each of the two annual cohorts, 20 doctoral and post-doctoral researchers, and five full-time faculty.
While LS literature has always been at the center of studies, Edtech formally joined the Network of Academic
Programs in the Learning Sciences (NAPLeS) in 2013. From the very start, Edtech was designed to enculturate
its students into the LS. One prominent design feature that was derived from this approach was the idea that the
process of learning must match the content. As students study ideas such as communities of learners (Brown &
Campione, 1994), they participate in a learning community (Hod & Ben-Zvi, 2014, 2015).

We report upon a specific case of a master’s level student as a step in more generally elucidating the way
students come to view learning from a sociocultural perspective. In the following section, we provide an
interpretation of the sociocultural perspective which provides the framework used to interpret our findings.

Background
Sociocultural theory is rooted in Vygotskian thought, and particularly in his idea that learning is mediated by
cultural and historical tools that individuals internalize and appropriate as they are socialized throughout their
lifespans. Human higher mental functioning occurs first on an intermental plane, and with the aid of mediators
such as tools, signs, and language, it continues on an intramental plane (Wertsch, 2007). Such an “outside in”
perspective contrasts sharply with cognitive views which emphasize learning processes which are initiated first
inside a person’s head, then socially, “inside out” (Collins & Bielaczyc, 1999).

Vygotskian ideas have germinated into many directions (e.g., activity theory, distributed cognition). Due
to space considerations, we will limit ourselves to situated learning and the discursive approach. One major
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contribution to situated learning is based on Lave and Wenger’s (1991) ideas of Communities of Practice (CoP).
This view of learning “implies becoming a different person [and] involves the construction of identity” (p. 53).
Meaning, learning is a process whereby a newcomer in a CoP, who is initially a legitimate peripheral participant,
gradually takes on more meaningful roles within the CoP and thus enculturates its practices.

Lave and Wenger’s sociocultural framework has become the basis of many key ideas within the LS,
particularly due to its commitment to education (Sawyer, 2014). By identifying enculturation as a key construct
in the learning process, researchers have found useful ways to talk about the problems of instructionist pedagogies
and to think in new ways about how to design for authentic learning. As Brown, Collins, and DuGuid (1989)
pointed out, traditional education too often fails to give students experience in the relevant domain culture. For
example, students learning mathematics in school may practice solving long lists of equations so they can perform
successfully on a test, a practice that hardly resembles the way the community of practicing mathematicians
engage in their discipline. The implication of this view for schools has been to re-conceptualize classrooms from
places where knowledge is transmitted to learning communities (Bielaczyc, Kapur, & Collins, 2013). In taking a
community perspective, an array of mediators beyond just transmitted content becomes the subject of educational
design.

The discourse about learning and education in the years that followed these large insights was analysed
by Sfard (1998), who very lucidly showed how this new “sociocultural way” of talking about learning stood in
contrast to cognitive views. The key insight was that sociocultural views looked as learning as an action, while
cognitive views reified these actions into objects. These two views are expressed in discourse as different
metaphors of learning. Whereas metaphors that are sociocultural include participation, being a part of, and
enculturating, cognitive metaphors objectify these actions into knowledge and concepts that can be acquired and
possessed. This discursive perspective was not only useful in clarifying how these perspectives differed, it
provided a clear operationalization for analyzing students’ views on learning.

We see these different but interrelated views of sociocultural thought as tools to examine students’
developing sociocultural ideas. Given the situativity of learning, we don’t expect to find direct correlations of
students’ understandings with what we have presented here. Rather, we would like to examine the relationship
between students’ knowing about sociocultural ideas with their coming to be part of Edtech.

Methods

The findings presented here are part of a larger case study of Master’s level students within Edtech. This specific
paper follows one of these students. Our data sources included careful observations of face-to-face course
meetings, online artifacts from students’ work, and periodic interviews. Data were analyzed using micro-genetic
techniques, looking at a fine-grained level of detail at meaningful episodes of learning where they were situated.
As our interpretations emerged throughout careful examination of the data, these were triangulated only after
multiple sources of data were found.

Preliminary findings

We focus upon Andrea, a central member in the National English Teachers” Community. Andrea entered Edtech
as an experienced elementary school English teacher who engaged in numerous educational activities that
eventually transformed into other professional roles. She received recognition for creating and maintaining a vast
portal for online English learning resources. Moreover, Andrea was on national committees to develop English
curriculum and led teacher training programs. She received a national teacher of the year award.

As an incoming student to Edtech, Andrea was immersed in numerous web communities such as Twitter,
Google Plus, and the blogosphere. Andrea’s offline behavior in Edtech was consistent with her online activities.
She was very social and popular with other students. Even in her studies, she was among the most active and
contributing student across all the courses that she participated in.

Andrea was in many ways a perfect fit for Edtech due to her technological prowess and central role in
the teachers’ community, where there was heavy focus on practice and technology. This often contradicted the
norms of Edtech’s culture of learning, such as deep inquiry, revision, and collaboration. The contrasts between
these communities made Andrea an interesting case to study, which we report upon here.

Sociocultural idea 1: Collaboration-as-pedagogy to collaboration-as-learning

Although Andrea was a social person, her ideas about collaboration when she entered Edtech developed
throughout her studies. At the start, Andrea focused upon collaboration as a structured activity:

ICLS 2016 Proceedings 808 © ISLS



The instructors around me can put in front of me all the good opportunities for learning, but the
process itself I do by myself, alone. The community can sit together, the group can work
together and in great collaboration and also with the product of a certain project that was built
together, still the learning is personal, individualistic...

By the end of the program, she shifts from talking about the pedagogical aspects of collaboration to
considering its part within the learning process:

Every word and every little bit... had to go through this thin sieve and those unforgiving eyes
up to the process in which I learned to know that nothing can be taken for granted and ahead of
time I started thinking of all the directions I expected Nora to come with. Slowly we started to
work collaboratively with mutual respect and the knowledge that the two of us together are
much better than each of one on her own.

Sociocultural idea 2: Culture as relevant to learning
Halfway through the first semester of studies, Andrea took part in a collaborative activity where students were
asked to read Situated Cognition and the Culture of Learning (Brown et al., 1989) and create concept maps to
represent their shared understandings of it. Andrea played a leading role in her group. The final version included
separate collections of key terms from the article. However, there was no evidence that culture was in any way
meaningfully related to learning, rather, it was presented as an isolated idea.

In reflecting about an incident towards the end of the first year, Andrea pinpointed the first time where
she saw the relevance of the idea of culture in relation to learning:

We knew where we are going and we knew what we want, but we didn’t know how to call it
till Cindy casually noted, “you want a change in the instructional culture.” And from there it
was clear what is the name of the place that we want to reach.

Sociocultural idea 3: Learning as a process instead of product

Andrea’s background attests to the product-orientation that she had as a learner upon entering the program. Within
the first few weeks, the culture clash between her ways of working and the norms in Edtech created tension that
she described. In her work culture, her practice was to complete tasks as efficiently as possible. But under a similar
load in Edtech, she had to think about how to proceed so that she could learn in the best way possible. Her cultural
habits of getting things done created tension for her:

There are critical assignments that must be implemented immediately. There is the concept
map, initiatives, diary... So please someone explain how I can live with all this? Is it possible?
Even if I slow down reality doesn’t change.

By the end of the program, a noticeable shift in Andrea’s expectation of herself when faced with a heavy load was
evident. In the context of an ongoing collaboration that she had with another student, she showed deep appreciation
of the role that the collaborative process has in learning, instead of racing to achieve a product:

The process throughout the project... taught me what is design research and what is the place
of the whole process... If I wouldn’t have gone through all the mistakes we made and
experienced all the difficulties on the way, I wouldn't have reached all these insights... Today
I am at the start of the road.

Discussion and conclusions

As sociocultural thinking involves some of the most significant ideas of enculturating LS discourse, this ongoing
study attempts to elucidate the way students come to view learning from this perspective. In the case presented
here, we show some of Andrea’s preoccupations when she studied within a context that was designed based on
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sociocultural ideas, and where students study sociocultural content. We have found three ideas that are relevant
to the development of sociocultural views.

As we show in the background section, sociocultural thinking involves both ideas about learning and
pedagogical ideas that stem from them. However, teachers entering programs such as Edtech often focus upon
pedagogical ideas before they develop their understanding of the principles that underlie them. Andrea exemplifies
the vital transformation in the first idea, collaboration-as-pedagogy to collaboration-as-learning, from focusing
upon her situated experiences from a pedagogical lens into a learning lens.

The idea and relevance of culture is fundamental to understanding sociocultural thinking. Without seeing
the relevance of culture to learning, Vygotsky’s entire idea of the interpersonal plane is lost. Likewise,
participating within a CoP has no relevance if the community itself does not have certain norms or practices,
which are the ingredients that form a culture. Thus, the second example where Andrea sees culture as relevant to
learning is a seemingly small, yet vital, step towards thinking socioculturally.

In the third finding, the shift from viewing learning as a product to a process relates to Sfard’s discursive
view, where cognitivist perspectives see learning as an object, while the sociocultural perspective views learning
as an action. The objectification of learning gives finality to the process. Once acquired, there is a final product
that has been achieved. In contrast, participation in action connotes a dynamic and never-ending process. Andrea’s
focus on learning as a list of tasks to be completed suggests that she didn’t recognize the ongoing activity as the
learning. Her reflection upon the process shows how she came to understand that everything that had to be done
on the way to these products was the learning.

These three ideas are not the only aspects of sociocultural thinking, but do signify sociocultural thinking.
If, as the conference theme states, we want to transform learning and empower learners, understanding the
development of sociocultural ideas can help the LS accomplish these goals.
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Abstract: During the last decades, research has provided evidence that handling mathematical
argumentation and proof (MA&P) represents a complex cognitive skill, which requires various
constituent skills. However, research on MA&P skills as well as their facilitation largely
disregards this fact and effective means to foster the constituents and overall MA&P skills
remain mainly unclear. Transferring research on the facilitation of complex cognitive skills from
instructional design, two approaches may be effective: Fostering the constituents one by one
respectively fostering them simultaneously. We therefore present an intervention study that
takes a holistic approach on MA&P skills and their constituents, comparing a sequential (one-
by-one) and an integrated (simultaneous) instructional approach to foster each constituent skill
as well as students’ overall MA&P skills. The results show that learners in the integrated
condition and the sequential condition have very similar learning gains that differ only in their
mathematical strategic knowledge, which is superior in the integrated condition.

Keywords: mathematics education, proof, argumentation, intervention, whole-task approach

Introduction

Reasoning, argumentation and proof are of special importance within the proving science mathematics. Therefore,
research on mathematical argumentation and proof (MA&P) skills has been a long-term focus within mathematics
education (Hanna, 2000). Most MA &P research, however, disregards the fact that MA&P is a complex cognitive
skill integrating a variety of domain-general and domain-specific constituents, e.g. knowledge facets, sub-skills,
and beliefs. A recent review on research on MA&P within mathematics education has shown that studies taking
these constituents into account and conceptualizing MA&P skills in a holistic way are rare (Sommerhoff, Ufer, &
Kollar, 2015). However, research on instructional design (Anderson, Reder, & Simon, 1996; Branch & Merrill,
2011; van Merriénboer & Kester, 2007) shows that acknowledging the complex structure of MA&P skills has
important implications for how MA&P skills and their constituents should be supported and which instructional
designs should be used. Knowing how to best foster MA&P skills and their constituents is important since research
has repeatedly revealed students’ severe problems with MA&P tasks (e.g. Weber, 2001). We therefore present an
intervention study focusing on several constituents of MA&P skills, comparing a sequential and an integrated
instructional approach to foster these within university mathematics.

MAG&P as a complex cognitive skill

Research on complex cognitive skills, e.g. (information) problem solving, has become increasingly important in
instructional design. Yet, in spite of several theoretical accounts and a multitude of studies on how complex skills
can be effectively fostered in general, empirically validated approaches to foster MA&P skills are still scarce.
However, most studies underline that acknowledging the constituents of the complex skill is essential for
designing powerful learning environments.

Table 1: Constituents of MA&P skills investigated in the current study

Constituent Characterization

Mathematical Basic conceptual and procedural knowledge in the field of mathematics (Ufer et
knowledge base al., 2008)

Methodological Knowledge of the nature and the functions of proof as well as the acceptance
knowledge criteria for a valid proof (Healy & Hoyles, 2000)

Mathematical Knowledge about cues within mathematical tasks and problems that indicate which
strategic knowledge concepts and representation systems can be used productively (Weber, 2001)
Problem solving Domain-general and domain-specific problem solving strategies (Schoenfeld,
strategies 1985)

ICLS 2016 Proceedings 811 © ISLS



MAK&P skills represent a complex cognitive skill and up to now several constituents of MA&P skills have been
identified and shown to be predictive for the success of MA&P processes (e.g. Chinnappan, Ekanayake, & Brown,
2011). In our study, we utilize a model that includes four main constituents of MA&P skills (Table 1). It is based
on existing, models for geometry proofs (Chinnappan et al., 2011; Ufer, Heinze, & Reiss, 2008) as well as
frameworks for general mathematical problem solving (Schoenfeld, 1985) and self-regulated learning (De Corte,
Verschaffel, & Eynde, 2000).

Supporting mathematical argumentation and proof skills

Taking the perspective of MA&P skills being dependent on various constituents and thinking about an optimal
way to facilitate these, at least two opposing strategies for the design of powerful instruction emerge: Supporting
each constituent separately one-by-one (sequential approach) or handling all of these simultaneously (integrated
approach). Although little research has been done on the promotion of constituents of MA&P skills, hints can be
found in instructional design research. Within the last decades, instructional design researchers have debated about
the effectiveness of part-task vs. whole-task approaches (Anderson et al., 1996; Branch & Merrill, 2011; Lim,
Reiser, & Olina, 2009). Classical instructional design approaches assume the decomposability of complex tasks
into less complex part-tasks and recommend the separate training of each of these less complex part-tasks. The
decomposition theory from ACT-R (Anderson, 2002) even breaks down complex tasks to actions happening
within milliseconds. The part-task approach is guided by the ideas that instruction on part-tasks is of higher
instructional clarity for the students, that each part-task is easier to master and that the learning gains on the part-
tasks transfer easily to learning gains on the overall task.

On the other hand, the whole-task approach (van Merriénboer & Kester, 2007) as well as the situated
cognition approach (Brown, Collins, & Duguid, 1989) reject this atomization of tasks, provide evidence for the
situatedness of learning, and point to difficulties that are associated with attempts to transfer from part-tasks to
the overall task (Anderson et al., 1996). This implies teaching knowledge facets, sub-skills, attitudes, and beliefs
constituting a complex cognitive skill in an integrated way (van Merriénboer & Kirschner, 2007).

Leveraging these two positions and transferring them back to MA&P skills and their constituents, we
therefore contrast these two approaches empirically: A sequential approach, with students working on proof tasks
with an explicit focus on only one of the required constituents at a time, compared to an integrated approach, with
students working on proof tasks with a specific focus on multiple constituents at a time.

Aim and research question

The goal of the present intervention study is to explore the effects of an integrated and a sequential instructional
approach on four constituents of MA&P skills (mathematical knowledge base, methodological knowledge,
mathematical strategic knowledge, and problem solving strategies). We therefore investigated whether these
approaches differ in their effects on students’ knowledge and skills regarding these constituents. No a priori
hypothesis was established regarding the greater effectiveness of each approach since theoretical arguments and
evidence in support of both approaches exist (Lim et al., 2009). Yet, both approaches were expected to yield
positive learning gains from pretest to posttest.

Methods

Study design, dependent variables and procedure

We used a quasi-experimental design for our study. The intervention was offered as a voluntary course for first
year mathematics university students entitled “Mathematical proof: that’s how you do it”. It was scheduled
between first and second semester and consisted of a pretest and a posttest as well as four two-hour intervention
sessions across three consecutive days. The intervention consisted of two parallel courses representing the
integrated condition and the sequential condition, respectively. Two instructors with prior experience in lecturing
led the courses and switched after two units to eliminate instructor effects. Both courses covered the same content,
the same tasks and time on task, although tasks and content were arranged in a different order.

During the intervention, students were provided with information on all four constituents by short
presentations. Additionally, they were given a short list of prompts meant to enhance the analysis of tasks
according to each constituent prior to the actual solving process (e.g. “Excerpt all important objects and properties
from the task, explain these in your own words and compare them to the formal definition.”, ”Search the task for
keywords that you know from other tasks. What methods did you use there?”). The instructor afterwards
demonstrated the usage of the prompts for each of the constituents. All in all, students worked on eight tasks, and
each task was analyzed regarding two constituents, solved and discussed with the instructor. Both groups received
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guidance during their work on the tasks. For the sequential group, each session contained a presentation on one
constituent as well as four tasks that the students analyzed regarding the same constituent. Each task was then
picked up in another session for the analysis of a second constituent. Within the integrated condition, the
presentations were divided into two larger blocks, so that most theory on each constituent was given in session 1
and only additional points were introduced in session 3. The students directly analyzed each task regarding two
of the four constituents. In order to have the students of the integrated condition work two times on each task like
the students in the sequential condition, tasks that had already been analyzed and solved were reconsidered briefly
once more in this condition.

Instruments

The pretest and the posttest included self-designed scales assessing the constituents of MA&P skills on limits and
infinite sums, a scale of four MA&P items, as well as control variables for inferential reasoning, metacognition,
and scientific reasoning and argumentation (Gormally, Brickman, & Lutz, 2012; Inglis & Simpson, 2008; Schraw
& Dennison, 1994). The MA&P items covered in the course and tests were closely related to a regular proof-
oriented calculus course, but novel to the students in order to avoid bias by prior experience. The pretest and
posttest were created using parallel items and contained open as well as closed items. The closed items were
evaluated using mark-recognition software with a subsequent manual control of the recognition results. Two raters
coded the open items following a theory-based coding scheme. The interrater reliability of the coders was kK > .76
(M =.92; SD = .09). The scales used in the both tests had an overall acceptable internal consistency of amean = .70
(SD = .10) with individual values ranging from o = .58 (mathematical strategic knowledge; 4 items) to a = .81
(problem solving strategies; 48 items). The results for all constituents were re-scaled to values between 0 (worst)
and 1(best). Additionally all documents used by the participants were gathered throughout the intervention to
analyze this process data later.

Sample

A total of 46 students (19 male, 27 female) participated in the study. The participants were first and second year
mathematics students (first year: 36, second year: 5, no indication: 5). They can be assumed to have participated
in the calculus I lecture and have had prior experience with proof-based real analysis. 24 and 22 students were
assigned to the integrated and sequential condition, respectively. Several participating students had failed the exam
of the calculus I course, thus the sample can be assumed to be slightly lower performing than average.

Findings

The pretest results verified that both conditions were comparable in their performance on the constituents prior to
the intervention (Table 2, upper part). A Mann-Whitney U test indicated no significant differences between both
conditions could be shown. Only methodological knowledge slightly approached significance (U = 184.5, p =
.078). There were also no significant differences between the two conditions regarding the assessed control
variables (mean final high school qualification grade, high school qualification grade in mathematics, inferential
reasoning skills, metacognition, scientific reasoning and argumentation skills). Accordingly, they were not
controlled for in the further analysis.

Table 2: Mean values for MA&P constituents obtained in the pre- and posttest

Knowledge base Methodological Math-strategic Problem solving
knowledge knowledge strategies
M SD M SD M SD M SD
Pretest Sequential  0.32 0.17 0.42 0.16 0.34 0.17 0.53 0.15
Integrated 0.39 0.16 0.51 0.18 0.39 0.17 0.58 0.11
Posttest Sequential  0.43 0.21 0.57 0.16 0.59 0.17 0.66 0.13
Integrated 0.48 0.13 0.61 0.16 0.70 0.18 0.71 0.10

The posttest results (Table 2, lower part) showed significant (p < .001) learning gains for both conditions and all
constituents. Nevertheless, the longitudinal effects across groups for mathematical strategic knowledge (dc =
1.595) and problem solving strategies (dc = 1.052) were larger than for methodological knowledge (dc = 0.751)
and mathematical knowledge base (dc = 0.582) although the same amount of time was spent on all constituents.

Comparing the results of the integrated and sequential condition in the posttest, a significant difference
can only be found for mathematical strategic knowledge (U = 164.5, p = .027), in favor of the integrated group.
All other comparisons between conditions were insignificant (U > 179, p > .061).
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Conclusions and implications

The results of our study reveal that both instructional approaches differ less than implied by the theories promoting
a part-task and a whole-task approach, respectively (Anderson et al., 1996; Branch & Merrill, 2011). Good
arguments for both approaches exist and within this study, both approaches yielded comparable learning gains for
the constituents of MA&P skills with the exception of mathematical strategic knowledge, which showed better
learning outcomes for the integrated approach.

Remarkably, the results of our relatively short intervention study show large learning gains, especially
for mathematical strategic knowledge and problem solving strategies. Large learning gains particularly for these
two constituents are reasonable, because university instruction usually does not explicitly focus on these
constituents so that little prior knowledge can be assumed. The absolute effect sizes, however, should be
considered with care due to the lack of a proper control group, addressing e.g. re-testing biases or effects by the
sheer engagement in proofs. Creating such a control group is challenging because approaches with students not
doing proofs at all or practicing unguided both have drawbacks. Nevertheless, such a controlled study will be an
important step to validate effect sizes of individual constituents. Ongoing evaluation of collected data will show
the effect of the intervention on overall MA&P skills as well as overall MA&Ps relation to the constituents. The
results will give further insights how to create an effective holistic approach to foster MA&P skills.
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Abstract: Authenticity as a concept is used in a multitude of settings and is linked to various —
to some extent divergent — pedagogical ideas. This contribution proposes an interdisciplinary,
literature-based conceptualisation of the term leading to the modelling of authenticity in teaching
and learning contexts. The model can serve as a basis for designing further empirical surveys
and educational interventions.
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“Authenticity is not brought into the classroom with the materials or the lesson plan, rather, it is a goal that the
teacher and students have to work towards, consciously and constantly” (van Lier, 1996).

Introduction

‘Authenticity’ is a common term which is generally understandable in everyday life. However, with regard to
academic contexts a discrepancy can be found between the term’s use and its conceptual understanding in different
academic disciplines. Furthermore, there is a research gap concerning theory development despite the fact that
authenticity is frequently advocated in the design of learning settings as it is supposed to stimulate the learning
process. Especially for learning outside the classroom the importance of an authentic educational setting is often
emphasised (e.g. Engeln, 2004; Lave & Wenger, 1991). Therefore, the aim of this paper is to develop a model of
authenticity based on a review of empirical and theoretical research literature. This permits a multidimensional
approach to the concept thus allowing for an operationalisation appropriate to the general research discourse as
well as future studies. We begin by developing a literature-based, interdisciplinary concept of authenticity and
will then present our model as well as its importance for future research.

Conceptualisation of the term authenticity in educational contexts

We conceptualise the term taking into account perspectives from humanities as well as science teaching, and, in
particular, the subject areas of geography education, history education and language teaching (first and foreign
language). Our research process focusses on the databases PsychInfo, FIS, JSTORE and ERIC using the keywords
‘authentic’, ‘authenticity’, ‘authentic teaching’, ‘authentic learning’, ‘situated learning’ and ‘real learning
contexts’. It includes both empirical studies and theoretical papers written in English and German.

As a first result it became clear that the term ‘authentic’ is used differently in everyday communication
compared to educational scientific discourses: in everyday communication the term ‘authentic’ is often used
synonymously with the words ‘real’ or ‘genuine’. In educational discourses, however, ‘authentic’ learning settings
are mostly simulations of everyday or professional contexts (cf. Billett, 2012). To resolve this paradox, the term
‘authenticity’ has to be conceptualised differently. If one assumes a contrast between real-life and highly-
structured learning arrangements, authenticity in subject learning can be seen as a continuum between these two
poles: the more successful the staging of a real-life context, the higher the level of authenticity. For instance, in
authentic learning settings everyday or professional-scientific contexts are simulated in order to give students an
insight into these areas and, moreover, to foster transferable knowledge and student competences (e.g. Brown,
Collins & Duguid, 1989; Mandl, Gruber & Renkl, 2002). Nevertheless, one can only speak of a simulation because
in learning situations some kind of instructional implementation and thus dissociation from the contextual
reference is always present.

The way in which authenticity is orchestrated differs strongly between the various subject areas.
Nonetheless, it is possible to identify specific trends they all have in common, e.g. an approximation of the
employed method and the material to everyday or professional actions (e.g. Gilmore, 2007; Monte-Sano &
Reisman, 2015; Emden, 2011). Texts which are frequently seen as constituting authentic material are those which
(a) are not specially written for classroom use, and (b) enable a scientific learning approach (for example original
target-language literature in foreign language teaching, sources in history education, or measurements in
geography education). Here, a close link to the subject-specific method is already discernible as a propaedeutic
approach towards research practices is often intended. Hence, the learning settings and methods share features
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with the domains knowledge and competences should be imparted about (Roth, 1995). Moreover, in foreign
language teaching the premise is to integrate target cultures of native speaker communities in the classroom.
However, critics refute the claim of authenticity regarding such learning settings and point out that an assimilation
towards target language-cultural contexts (a) can never achieve a truly convincing simulation of native speaker
language, and (b) the students’ subjective perception of authenticity would suffer strongly from the “make-
believe” (Decke-Cornill, 2004). Particularly in foreign language teaching it is recognised that the learner’s
perception of authenticity plays a central role (Breen 1985), meaning that learners evaluate a learning setting
based on their beliefs, knowledge, interests, abilities and requirements (e.g. Widdowson, 1978; van Lier, 1996).
This process is called ‘authentication’ and implies that learners engage in and appropriate (parts of a) learning
setting in an interactive process with their peers and their surroundings (cf. van Lier 1996).

To summarise, authenticity in the sense of an educational construct can be defined as a characteristic of
teaching and learning contexts which consists of transferring certain features of real life and professional contexts
to learning environments. This simulation is negotiated along a continuum through the interaction between the
designed learning environment and the actors within it. The aim of authentic teaching is to increase variables that
are relevant to successful learning, such as motivation or interest, and to acquire transferable knowledge and
domain-specific competences. Following this concept of authenticity, we will now present a model condensing
different aspects of and showing the relevant cause-effect-relationships in authentic educational contexts.

Describing and explaining the model
Based on the findings from empirical educational-psychological and subject-based research, authenticity in
teaching and learning contexts can be modelled in the following way (Figure 1):

Personal characteristics:
epistemological beliefs
prior knowledge / prior
experience
individual interest
gender
age
social background

‘ Individual susceptibility ‘ Affective, cognitive and
behavioural effects:
¢ - situational interest

- motivation
Authentication through ‘ Individual feeling of > - beliefs and attitudes

interaction authenticity - declarative and procedural

knowledge
T - domain-specific
competences
Characteristics of the Creation of an authentic _

learning setting: learning environment
- materials
learning location
contents
methods
social settings
innovation
instructors

Figure 1. Model of authenticity in teaching and learning contexts.

The model consists of five components: (a) personal characteristics, (b) characteristics of the learning setting,
(c) authentication through interaction, (d) an individual feeling of authenticity and (e) its effects. In terms of
design the model is based on general progression schemas from educational psychology (e.g. for the development
of interest; Krapp, 1998). While the personal characteristics and characteristics of the learning setting presented
in the model are well-established in theoretical literature, empirical research on this domain is scarce. Also
concerning the effects of an individual feeling of authenticity only a few studies exist (e.g. Glowinski &
Bayrhuber, 2011; Engeln 2004; Peacock 1997) and evidence for relationships between the single variables are
non-existent. Thus, the combination of all factors in one model constitutes an important step for theory
development in authenticity and can serve as a basis for further empirical research. The model’s single
components, their relationship and empirical evidence therefor will be described in detail below.

a. The first two components in the model are the determining factors of authenticity in teaching and learning
contexts, i.e. (a) personal characteristics, and (b) characteristics of the learning setting. The personal
characteristics comprise the learner’s individual dispositions, more precisely input factors such as
individual interest and prior knowledge, which the learner brings into a potentially authentic teaching
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and learning context. Such dispositions like, for example, individual interest, have proven to be important
prerequisites for learning (e.g. Pawek, 2009) and influence the learner’s susceptibility to the designed
learning environment.

b. The characteristics of the learning setting describe the dimension of the model that can be manipulated
and varied in a learning setting by the instructor or teacher. The characteristics should then converge with
everyday and professional reality as closely as possible to create an authentic learning setting.
Furthermore, central characteristics of authentic learning settings identified on the basis of literature in
the subject areas are: material, learning location, contents, methods, social settings, innovation and
instructor. Under ‘materials’ we subsume all media enabling a realistic content-based approach to the
everyday or professional world. The ‘learning location’, in the sense of situated learning, permits insights
into the work of ‘communities of practitioners’ (Lave & Wenger, 1991). The selection of ‘contents’ can
be shaped in such a way, that themes from the respective ‘real’ reference context are brought to the fore.
Problems and questions can be tackled with specific ‘methods’ and corresponding ‘social settings’ within
authentic contexts. Examples in this regard include scientific methods (interpretation of historical
sources, evaluation of measurements in geography or literature analysis in language teaching etc.) which
can be imparted through inquiry- and task-based learning (Willis & Willis, 2007; Chinn & Malhotra,
2002) or the approach of ‘cognitive apprenticeship’ (Brown, Collins & Duguid, 1989). The characteristic
‘innovation’ means open questions or problems which are currently central to research or the subject of
social controversies and to which the learners can contribute meaningfully. Finally, it is the ‘instructors’
responsibility to make authentic learning possible or provides access to the reference context. The
arrangement of these characteristics takes place on a continuum according to their level of structuring.

c. The process of authentication through interaction involves actions in which interplay of characteristics
of the person and the learning setting occurs including mediation between peers. Here, the interaction
between determining factors and the learner’s subjective perception of the learning setting plays a
fundamental role (e.g. van Lier, 1996).

d. A feeling of authenticity would then be a feasible result of the authentication process. This feeling is
subjective and can be determined through inquiries in the learner’s perception of the learning setting and
their attribution of relevance.

e. The perception of a learning situation as authentic may have affective, cognitive and behavioural effects,
e.g. motivation, situational interest, domain-specific competences etc. (cf. Newmann, King &
Carmichael, 2007), which influence the personal characteristics. In this respect a whole series of
empirical studies in the area of Reach out Labs show that authentic, scientifically based learning
environments have a positive temporal effect on students’ situational interest (e.g. Engeln, 2004; Pawek;
Glowinski & Bayrhuber, 2011). Furthermore, other studies showed that tasks, perceived as authentic,
have a learning-conducive effect (Chavez, 1998) and authentic materials bring about an increase in
learning motivation (Peacock, 1997; Chavez, 1998), reading and listening comprehension (cf. Young,
1993; Weyers 1999) as well as in writing skills (Purcell-Gates, Duke & Martineau, 2007).

Conclusion and implications

This contribution addresses two research gaps with respect to the authenticity of learning settings: (1) on the basis
of a literature review it contributes to cross-discipline theory development connected with the concept of
authenticity in educational contexts and names various characteristics which can have an impact on the
authenticity of a teaching and learning setting. (2) The presented authenticity model is suitable for purposes of
orientation in the design of interventions and surveys as it contains determinants influencing an individual feeling
of authenticity. Thus, it can be used in future research to investigate possible effects of authentic learning settings
(e.g. ask for the learner’s perception of characteristics of a learning stetting via questionnaires in order to measure
an individual feeling of authenticity; compare authentic conditions with non-authentic conditions to determine
effects) and augment construct validity. The multidimensional model lays claim to applicability both to studies in
the area of extracurricular learning and, with regard to educational questions, to desirable further research into the
role of authenticity in teaching and learning contexts. The model already forms the basis for several research
studies currently in progress at the Ruhr-Universitit Bochum, Germany in the postgraduate programme
“Communicating Sience in Reach out Labs”.
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Abstract: This study investigated whether students with low achievement were capable to
collectively advance their online discourse in a knowledge-building environment. 37 students
with low achievement from a 9th-grade Visual Arts course participated in the study. We
analyzed students’ online discourse. Findings indicated that students were able to collectively
advance the community’s discourse as they built on each others’ ideas, generated theories,
questions and metacognitive statements in a supportive knowledge-building environment
augmented by reflective assessment. The study’s findings have important implications for the
design of technology-rich environments, and shed light on how teachers can use them to help
learners to engage in productive collaborative inquiry.

Introduction

Much research in the learning sciences studies computer-supported collaborative learning (CSCL), which often
involves metacognition (Stahl, 2002). However, little attention has been given to how students with low
achievement perform in CSCL—e.g., students who score in the lowest third on central examinations.

In Hong Kong, students are very competitive and achievement oriented, even in primary schools.
Secondary schools are classified in three bands—Band 1 (highest) through Band 3 (lowest)—based on
achievement on a government examination, in Grade 6, of the majority of its students. Most students in Band-3
schools are low academic achievers, and are not adequately engaged with their schoolwork (Shen, Lee, & Tsai,
2007). Students with low achievement are often found to have limited metacognitive skill; they exhibit low interest
and negative attitudes toward their learning. Helping students like these to engage in collaborative inquiry and to
benefit from it is a great challenge for educators.

Recognizing these challenges, this study designed a knowledge-building environment augmented by
reflective assessment which has been shown positively affected students’ learning and performance. The study
aimed to investigate whether students with low achievement were able to collectively improve their online
discourse in a knowledge-building environment. This study was part of a larger study that investigated whether
students with low achievement were capable to use reflective assessment to improve their attempt at knowledge
building (Scardmalia, 2002), using an assessment tool, the Knowledge Connections Analyzer (KCA) (van Aalst
et al.,, 2012). The following research questions were investigated: (1) What was the nature of the knowledge-
building discourse? (2) To what extent did students improve their discourse?

Methods

Research context and participants

The study was conducted in a Band-3 school in Hong Kong; it was actually at the 10" percentile. The participants
were 37 students in a 9th-grade class taking a visual-arts course; they were taught in Chinese. Students made
inquiry into the topics “What is art?” and “How to evaluate art?” over five months, one lesson per week. The
teacher had much experience teaching the visual arts, had taken a postgraduate course on knowledge building,
and had used knowledge building in the classroom for approximately 8§ years. The participating students had no
previous experience with knowledge building.

Pedagogical design

The teacher used the following pedagogical process to familiarize the students with knowledge building, as
described elsewhere in detail by van Aalst and Chan (2012); this process was adapted to the present context based
on findings from a preliminary study: (1) Helping students to develop inquiry, collaborative and metacognitive
capabilities; (2) Deepening problem-centered inquiry in Knowledge Forum, and (3) Developing deep domain
understanding and metacognitive skills through reflective assessment. After working on Knowledge Forum to
contribute a reasonable number of notes, students were guided to reflect on their notes by performing reflective
assessment collectively and individually primarily with KCA data. To support productive reflection on the KCA
data, students were provided with KCA prompt sheets that were both content-related and metacognitive, and
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corresponded to each of the four questions in the KCA. Around each question of the KCA, the teacher and the
first researcher, with the help of the KCA prompt sheets, created opportunities for student reflection. Small groups
of student were asked to reflect on the KCA data, to identify problems in their online discourse, and to make
further plans to address the problems.

Analysis and results

Data source in this study were computer notes students posted on Knowledge Forum. We analyzed the Knowledge
Forum database using the inquiry thread analysis, followed by analysis of interactions and contributions within
these inquiry threads. Then we report the results of characteristics of students’ notes in three stages (Stage 1, Stage
2 and Stage 3), to evaluate the advancement of the online discourse.

Inquiry thread analysis

All computer notes except three unfinished notes (400 notes) created during 2.5 months were put into inquiry
threads, yielding 18 inquiry threads. An inquiry thread is a sequence of notes that aim to address the same principal
problem (Zhang et al., 2007). To check coding reliability of inquiry thread analysis, two raters independently
completed the task on 40% of the notes. The inter-rater reliability was .80 (Cohen’s kappa). Some threads involved
most of the students as authors (e.g., #1, #3, #4, #7, #8, and #13), whereas others involved only a small number
of authors; this suggests that some problems attract more attention from the community than others (Table 1).

Qualitative analysis of student interaction and contribution within inquiry threads

To characterize the students’ interactions within and contributions to the discourse at a more granular level, we
used a coding framework to code the notes in each inquiry thread. The development of the coding framework
involved an iterative coding process of theory- and data-driven approaches. The coding schemes included three
main categories of questions, ideas and community, and corresponding subcategories, and drew upon theoretical
frameworks for social, cognitive and meta-cognitive processes of knowledge construction (van Aalst, 2009; Zhang
et al, 2007). The coding framework and coding examples can be accessed online
(http://kbe2.edu.hku.hk/ICLS2016coding.pdf). Two raters independently coded the notes from three inquiry
threads (n = 120, 30%). The inter-rater reliability was .78 for questions, .78 for ideas, .79 for knowledge quality,
and .77 for community (Cohen’s kappas).

Results from coding the discourse in the inquiry threads are shown in Table 1. We selected 14 large
inquiry threads and present the numbers of questions and ideas in them. Inquiry threads defined as large included
more than ten notes. Generally, the results demonstrated in Table 1 are consistent with the classification of the
inquiry threads as a whole and suggest that students created many new ideas and were involved in explanation-
oriented discourse. For example, students wrote more notes with explanations than notes with simple claims
(approximate 145 and 113, respectively, for most metacognitive statement were elaborated explanations). This
result indicates that students engaged in a deep—and not superficial— knowledge building process. At the same
time questions and statements that were more explanatory appeared in those threads that concerned explanatory
issues.

Table 1 also shows that the students asked many metacognitive questions (53 notes), and contributed a
reasonable number of metacognitive statements that included meta-discourse (48 notes) to reflect on progress and
highlighted promising ideas or problems for further inquiry. All these data indicate that students invested much
effort into reviewing and reflecting on the online discourse. At the same time, metacognitive questions and
metacognitive statement appear more in threads that concerned explanatory issues. We further categorized
students’ contributions to their community. As shown in Table 1, 222 notes were classified as depending inquiry,
and 40 notes were synthesizing notes. These results indicate a high frequency of responses to others’ questions
and ideas, most of which focused on conceptual advancement and at creasing a knowledge space of value to both
the community as a whole and individuals.

ICLS 2016 Proceedings 820 © ISLS



¥ 0L 6t 65 EE £ 8 ¥I 61 1£0¢ LT 8LO ! ¢ 20B)g
L¥E L 6578 IT £9°¢T 0T or°ce ¥ 951 [4 7 25e)g
0 0 8LO ! LTI ST 1£0¢ LT 658 1T [ =5els
% 3 % )
o I JUSTIAE)S SATIUS0IERN uonsanh aAnMIS0BIRN (.74 I (.74 pi
BAOQE-95TY TOT)TUS0JBIRTA] BopI oSN

§JTE]S 9al(} SULINp SAOQE-05LI PUE UONIUS00E}ol SBopl SUONSSND SE PalJIsse]d SaJ0U JO SooBjUooliad PUe AoUanbal] ¢ o]qEL

‘Testeadde 11e = 912 ‘e Sumnyap = $1# ‘se0ud 1E = ¢ 14 ‘UOTJBAID PU0ISS PUE SESPT SATIESID = ][4 ‘e Jo Jusmspnl 10] suoseal = (T4 JMIE Jo AIuIels = g2 ‘ye a5pnl o)
BLIDJLID TEJUSTHEPUN] = 8 LIE JO BLISILID = /# ‘)IB JO 201 = 9# ‘LB JO siom SUOWIE S30U2IaJIp = G# “Je Jo sejdrounid = ¢ ‘e Jo ssoujnysurueawr pue souereadde
= ¢4 “JTB JO ELIBLID JO PRSU = 7 ‘POOT ST e pUB Je pood Usamieq dIjsuonelsl = [# TOES 500U U} JSBI] JB PIpN[OUT 2518 SB paumyep speanyl Annbur jsejon

1 0 6 0 I £ 9 0 0 0 1 0T I oOl#
€ < 6 0 & € L 0 £ 0 < 01 £T Flz
1 < te I I 0T ! 0 < T < ol I+ el#
1 £ 31 £ I 01 5 & £ 0 C £l ot 11#
0 < & 0 0 £ 9 0 < 0 1 £l ¥l 0T#
1 < £1 0 I 9 L 0 < I 0 &1 LT 67
o1 9 L1 0 o1 9 8 ¥ L4 T 0 ol 34 8%
£ € ¥T 0 4 01 I1 z ¥ I 0 8T 2 L#
< ¥ I1 I 4 < ¥ 4 1 £ 0 &1 1T OF
0 9 4 I I 1 ¥ 0 £ 0 1 8 01 %3
< 9 o1 I ¥ L4 L & L4 0 1 LT 8T t#
8 £1 FE I I 81 L1 I I1 I 0 ot o 1233
< € 9 I z 1 £ z € I 0 01 &1 (%3
L4 6 0T A ¥ 8 6 ¥ 6 £ 1 0T o I#
LN BSE 85701 9870 18°¢ 600 FEF 9671 £lE L0 LL (AN ) as
(pearp
(AN 4 et £SET co0 £EF 009 99 LO71 FTE o8 IL PTEL  ceer  ted)umapy
SpPESN]
LT =
or 99 (44 I 8 L6 11 LT 13 £l 1! Lt 00% JoEloL
suonsanh  suonsanb
suonzanh  Aoopewerdxs TerIoe;
£3100 Amnbur Amnbur poddns mwemwRlE)E  uonewe]dxs WIE[>  SEIpPT 2ATIIIE00EIAT Swmstes Smster s3jou
Smzisopuis  SvmEmSsy Sumadsag SmpuaT JATIUS0ORS]Y  pAEloqE(Y epdumg map Surster s310p] E31ON] £310N] SIITIM Jo
AJTUNTIIIIO, ) SEAPT sHonSsANg JooN oON

SPESN) ANNDUT UT AJTUNTUTI0D PUE SESPT SUOTSSND JO So050]E0 JUSISIIpP JO JSqUINN | S[0BL

©ISLS

821

ICLS 2016 Proceedings



Questioning, ideation, metacognition and rise-above

We further analyzed the characteristics of the students’ notes in 14 large inquiry threads in three stages, each stage
having an equivalent proportion of notes, to demonstrate the advancement of discourse. As the goal was to show
the advancement of discourse, comparison analysis was conducted on explanation-seeking questions
(questioning), explanations (ideation), metacognitive questions and statements (metacognition), and rise-above
(synthesis). Table 2 shows the results for the three stages and compared them with the aggregated results for each
stage. The frequency distributions for Stage 1 and Stage 2 differed significantly: x*(df =4, N =109) = 15.60, ¢ =
0.38. The effect size was moderate to large. The frequency distributions also differed significantly for Stage 2 and
Stage 3 three, y*(df =4, N = 167) = 31.56, ¢ = 0.44; a medium to large effect; and for Stage 1 and Stage 3, y*(df
=4, N=142) = 53.00, ¢ = 0.61; that was a large effect size. The results indicate primarily that the students
contributed more explanation-seeking questions in Stage 1 compared with any other stages, and that that they
were mostly engaged in reflecting on and regulating their inquiry, and synthesizing their notes during Stage 3.

Conclusions

This study investigated whether students with low achievement were capable to collectively improve their attempt
at knowledge building. During the knowledge-building process, students with low-achievement in this class, in a
supportive knowledge-building environment, were indeed able to assume high-level responsibility to collectively
accomplish knowledge-building discourse. They engaged in productive interactions and progressively advanced
ideas in the communal space. In addition, the pedagogical design is accessible to students with low achievement.
The design incorporated three components: (a) periodic tasks that promoted collaboration and reflection, (b)
opportunities for reflecting assessment data collaboratively, and (c) the framing of discourse improvement as
collective responsibility. Although this pedagogical design was developed for engaging low achieving students to
collectively advance knowledge-building discourse, we believe that this design would have important implication
for the design of technology-rich environments to support learners and shed light on how teachers can use them
to help learners to gain benefits from collaborative inquiry.
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Abstract: In inquiry learning learners design and conduct experiments. Learners experience
difficulties with the involved processes and need guidance to design useful experiments. To
guide students in this we created a configurable experiment design tool that is usable in multiple
domains. The tool was tested with two configurations; one with a CVS structure in which
learners had to design at least three experimental trials before conducting their experiment, and
one in which this was not required. In the current study secondary students designed and
conducted experiments in an online lab about buoyancy and Archimedes’ principle. Three
conditions were compared in terms of students’ conceptual knowledge gain. Students worked
with one configuration of the tool, or with no tool. Results showed significant differences
between conditions for lower prior knowledge students’ learning gain about buoyancy.

Introduction

Inquiry learning stimulates learners to actively construct their own knowledge by means of doing investigations,
allowing them to gain higher-order understandings, instead of passively absorbing information presented to them.
Learners follow (part of an) inquiry cycle that comprises orienting on the topic of interest, formulating hypotheses
and/or research questions, setting up and conducting experiments, drawing conclusions, and reflecting upon their
inquiry (Pedaste et al., 2015). Moreover, inquiry learning promotes learners’ autonomous working attitudes and
inquiry skills, both of which are important educational objectives in current curricula worldwide; it also promotes
a positive attitude towards learning, and it motivates them to acquire, integrate, and apply new knowledge
(Edelson, Gordin, & Pea, 1999).

An important phase of inquiry learning is the investigation phase during which learners design and
conduct experiments to test a hypothesis or answer a research question. Based on results from their experiments
they analyse their data and draw conclusions accordingly. The experimentation phase thus builds a bridge between
the hypothesis or research question and the analysis of the data.

However, learners find it difficult to design valuable experiments (de Jong & van Joolingen, 1998). It
involves several processes and requires understanding of inquiry. They need to understand that they have to design
experiments with which they can test their hypothesis or answer their research question. Often learners design
experiments that do not comply with their hypothesis or research question, for instance by including variables that
have nothing to do with it (de Jong & van Joolingen, 1998).

After selecting relevant variables, learners need to determine what to measure (dependent variable), vary
(independent variable) and control for (controlled variable). Then they have to assign values to the independent
and controlled variables. Learners often vary too many variables, which makes it difficult to draw correct
conclusions because any effect that occurs may be due to a variety of influences. An effective strategy often
applied by professional researchers is the Control of Variable Strategy (CVS) in which only one variable of interest
is varied and all other variables are kept constant (Klahr & Nigam, 2004). CVS allows learners to draw conclusions
from unconfounded experiments.

In order to successfully learn from experimentation learners must plan and apply systematic ways of
designing experiments (de Jong & Njoo, 1992). However, research indicates that learners tend not to analyse a
task or problem they have to solve, but to act immediately, without planning (Manlove, Lazonder, & de Jong,
2006). If learners do engage in planning, they often use unsystematic ways, which may cause them to struggle
with the task (de Jong & van Joolingen, 1998).

Guiding learners in planning and conducting experiments helps them to design useful and systematic
experiments from which they can derive knowledge (Zacharia et al., 2015). In computer supported inquiry
learning environments some of the most often used forms of guidance are heuristics and tools. Heuristics are hints
or suggestions about how to carry out assignments, actions, or learning processes. Examples of heuristics to direct
learners to apply the CVS strategy are ‘vary one thing at a time (VOTAT)’, and ‘control all other variables by
using the same value across experimental trials’ (Veermans, van Joolingen, & de Jong, 2006). Tools can transform
or take over part of a task and thereby help learners accomplish tasks they would be unable to do on their own (de
Jong, 2006). An example is a monitoring tool in which experiments are stored (Veermans, de Jong, & van
Joolingen, 2000). Learners can replay conducted trials, and rearrange them in ascending or descending order to
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be better able to compare results. It eliminates the difficulty of remembering conducted experimental trials,
interpreting results, and simultaneously thinking of appropriate follow-up trials.

Based on heuristics and scaffolding elements that have shown to be effective for learning, an Experiment
Design Tool (EDT) was developed that can be applied in different domains and configured so that it fits teachers’
intentions with the inquiry learning activity. In the current study two configurations of the EDT were compared
in terms of effectiveness regarding students’ learning gain about buoyancy and Archimedes’ principle. One
configuration incorporated the CVS-strategy and required planning; learners were obliged to apply CVS and to
plan multiple trials before conducting their experiment. The other configuration had a more exploratory character;
learners were free to conduct their designed trials when they wanted to and were not obliged to apply CVS.

Method

In the current study students planned and conducted experiments in an online learning environment about
buoyancy and Archimedes’ Principle. Three learning environments were compared with different levels of support
for planning and conducting experiments, but that were the same in all other aspects. In two learning environments
students received additional support for planning and conducting experiments by means of one of the two
configurations of the EDT. In the third learning environment students were not guided by an additional tool.

Participants

A total of 159 third grade pre-university students (aged 15) from three secondary schools in the Netherlands were
randomly assigned to one of the conditions. After eliminating outliers and students that missed a session -e.g. one
class missed a session because of an overlooked field trip- 104 students remained for analyses.

Learning environments

The three learning environments in which students worked were all structured in similar ways. They all consisted
of instructions, research questions, a virtual lab, a mechanism to prepare experiments, a help button to retrieve
domain information, and a conclusion text box. Upon entering the environment, instructions appeared explaining
that the student had to design experiments and conduct those in a virtual lab in order to answer research questions.
The environment contained a total of fourteen questions presented one by one. For each research question students
had to design and conduct an experiment, and draw a conclusion accordingly. Once students had submitted a
conclusion, a new research question appeared for which they again had to design and conduct an experiment.

Research question

If you release a ballin a water-filled container it can sink, drift of float. -
How does the mass of the ball influence whether it sinks, drifts or floats? =
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Figure 1. The learning environments for the (a) control group, and (b) EDT conditions.
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The learning environments only differed in the support offered to students (Figure 1). The environment
of the control condition did not contain a tool to help plan experiments. Experiments were prepared and conducted
directly in the lab by means of sliders to adjust the values of the variables in the experiment.

The environments of the EDT conditions each contained one configuration of the EDT to guide the
preparation and conduction of experiments. It provided students with structure in the form of a table that
incorporated and emphasised three types of variables (independent, controlled and dependent). Students could
select variables from a box and decide per variable if they wanted to vary it across experimental trials, keep it
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constant, or measure it. After they specified the variables, they assigned values -within a restricted range- to the
independent and controlled variables. For each independent variable they specified a different value per trial. For
each controlled variable they assigned one value; the EDT automatically assigned that same value to all trials
within the experiment. Results for the dependent variable could only be entered after the trials were conducted. In
addition to preparing the experiments, the EDT offered a second table in which all the previously conducted trials
were presented. In this table, variables could be sorted in ascending or descending order, making it easier to reach
conclusions or decide if more trials or even experiments were required to answer the research question. At all
times, students could see instructions about how to operate the EDT. The instructions were just-in-time and were
based on students’ actions. For example, when students started planning an experiment, they were instructed to
drag and drop all properties to the boxes vary or keep constant, and to drag at least one variable to measure. The
two configurations of the EDT differed in three aspects. In one configuration students were obliged to 1) apply
CVS, 2) plan at least three trials before conducting experiments, and they 3) received different instructions that
were congruent with these two aspects. In the other configuration students were able to, but not obliged to, do the
same and they received instructions congruent with the configuration.

Assessment

Students’ conceptual knowledge of buoyancy and Archimedes’ principle was assessed both before and after the
intervention with a parallel pre- and post-test. The test consisted of 58 open questions that measured students’
understanding of the key concepts and principles of the topics in the virtual lab.

Procedure

The study was performed during four sessions of 50 to 60 minutes each, over a period of two and a half weeks. In
the first session the students received instructions about what they were going to do. Thereafter they had half an
hour to complete the pre-test, which was sufficient for all students to finish. Finally, they were randomly assigned
to a condition, received instructions about the upcoming tasks, the learning environment was shown, and they
could ask any question. During the second session students first received a booklet matching the condition they
were assigned to and then individually worked with the learning environment behind a computer to learn about
buoyancy. The booklet contained instructions about the tasks, and all the research questions they had to answer
during the session. The third session was similar to the second session; students also worked with the learning
environment but the topic of investigation was Archimedes’ principle instead of buoyancy. During the fourth
session students took the post-test and were informed about the purpose of the study.

Results

A significant conceptual knowledge learning gain was found in all conditions for buoyancy (control condition:
n =34, Z = 3.226, p = .001; exploratory EDT condition: n = 33, Z = 3.302, p = .001; more structured EDT
condition: n =37, Z=3.015, p = .003) and for Archimedes’ principle (control condition: n = 34, Z = 3.554, p <
.001; exploratory EDT condition: n =33, Z=2.943, p = .003; more structured EDT condition: n =37, Z=2.757,
p = .006) using Wilcoxon signed-rank tests. Independent-Samples Kruskal-Wallis Tests showed no significant
differences between the conditions for both parts of the test (buoyancy: H (2) = .253, p = .881; Archimedes’
principle: H (2) =.651, p = .722).

However, research shows that tools can be especially effective for low prior knowledge students. We
divided students in two groups based on pre-test scores; one group included students with the 50% lowest scores
and the other group included students with the 50% highest scores. Independent-Samples Kruskal-Wallis Tests
demonstrated a significant difference in learning gain between conditions for lower prior knowledge students on
buoyancy, H (2) = 6.17, p = .046, in favour of the exploratory EDT condition (control: M = 7.17, SD = 5.68;
exploratory EDT: M = 10.93, SD = 5.28; more structured EDT: M = 5.75, SD = 6.58), but not for Archimedes’
principle. Also, no significant difference was found for higher prior knowledge students.

Conclusions and implications

The current study showed a different effect of guidance for lower prior knowledge students, who performed better
with guidance in the form of an exploratory EDT on the first domain, than for higher prior knowledge students,
who did equally well with and without guidance, which is in line with other research. Higher prior knowledge
students often demonstrate more well-structured, goal-oriented inquiry behaviour; they use more sophisticated
strategies to induce knowledge and encounter less problems than lower prior knowledge students (Hmelo,
Nagarajan, & Roger, 2000). Additional support for higher prior knowledge students has found to be redundant,
because they already have sufficient knowledge to construct mental representations (Kalyuga, 2007).

ICLS 2016 Proceedings 825 © ISLS



Research about the level of support for lower prior knowledge students shows that they find it difficult
to interpret support, and perform better when they first have the opportunity to explore the domain of interest by
themselves rather than immediately starting with systematic ways of designing experiments. However, research
also suggests that these learners benefit from more support because additional guidance helps overcome missing
schemas and reduces working memory load (Roll, Briseno, Yee, & Welsh, 2014). Interestingly, the current study
showed that lower prior knowledge learners performed best when they were guided by a tool, but this effect was
only found in the first domain and the tool had to be configured so that students could still explore the domain
without too many restrictions. The different effect of guidance for buoyancy and Archimedes’ principle might be
explained by the level of difficulty of the two domains. Buoyancy -the first domain of experimentation- is
generally regarded as easier than Archimedes’ principle by students. We hypothesise that students received
enough support to let them perform better on the tasks within buoyancy, whereas they may have needed additional
support for the more difficult topic of Archimedes’ principle. Future studies should focus on students’ inquiry
processes and the level and form of support they need in distinct domains with different levels of difficulty.
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