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Preface

Drexel University and The University of Pennsylvania are co-hosting the 12th International Conference on
Computer Supported Collaborative Learning from June 18 to June 22,2017. The CSCL conference has an explicit
focus on how and why collaboration can enhance learning processes and outcomes. CSCL emerged in the late
1980’s and early 1990’s to bring together researchers from 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 http://www.isls.org for more details).

Before the establishment of the biannual CSCL conferences, there was a NATO-sponsored workshop in
Maratea, Italy in 1989 and another workshop sponsored by Xerox PARC in 1991 at Southern Illinois University.
The first international conference was held in 1995 at Indiana University, followed by meetings in Toronto, ON,
Canada (1997); Maastricht, Netherlands (2001); Boulder, CO, USA, (2002); Bergen, Norway (2003), Taipei,
Taiwan (2005); New Brunswick, NJ, USA (2007); Rhodes, Greece (2009); Hong Kong, China (2011); Madison,
WI, USA (2013); Gothenberg, Sweden (2015). There is also a scholarly journal, the International Journal of
Computer-Supported Collaborative Learning, and a book series published by Springer.

Submissions for CSCL 2017 were received in November 2016 and sent out for peer review. 386 paper
and poster submissions were received from 28 countries, and the overall acceptance rate for submissions was
45%. We accepted 60% of symposium submissions, 35% of full papers, 31% of short papers, and 48% of posters.
295 experts completed 1287 reviews, and an additional 61 senior reviewers assigned papers to reviewers and
provided summary reflections on each submission to guide the development of the program.
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Making a Difference—Prioritizing Equity and Access in CSCL

CSCL 2017’s theme, Making a Difference—Prioritizing Equity and Access in CSCL, revisits the concepts of
equity and access to learning opportunities that have always been central to collaborative learning pedagogies and
research. Work in the 1960s sought to address issues of classroom authority structures with group activities. Work
in the 1980’s and 1990’s attempted to provide young people with access to safe, collaborative, after-school
learning environments. Research on learning communities also empowered students to have agency over their
learning processes and to see themselves as creators rather than merely consumers of knowledge. More recent
work has sought to provide opportunities for a wider range of students through resident and online university
courses, new collaborative learning technologies, and Massive Open Online Courses. Throughout this work, there
have been two common themes that focus on equity and access: equity at a small, community scale and equity at
a larger, societal level.

The most common theme in CSCL is the promotion of equity within the classroom community. Many
researchers have emphasized the need to provide students with more agency over their own learning processes.
Others have focused on breaking down social hierarchies that can interfere with important social learning
processes. For example, work on communities of learners and learning forums has examined how students take
on increasingly active roles in deciding what is learned and how. Some questions that emerge as part of this work
include:

*  How much and what kind of participation is equitable?

*  How important is equitable participation for learning?

*  How do we measure participation?

*  How do emerging technologies and methods allow us to address and understand participation?

*  How do we teach students to participate and encourage others to participate in a manner that allows equal
opportunity and access to content learning and skill development for all learners?

* How do we distribute responsibility over learning across teachers and students such that all have
opportunities to develop the ability to monitor, regulate, and make decisions about collaborative practices
and learning outcomes?

Another common theme within CSCL is the promotion of educational equity and access on a broader
scale. Namely, how collaborative learning can attract, support, and engage underrepresented groups while
ensuring that all students have access to high-quality and productive cognitive and social learning contexts.
Common questions that emerge as part of this work include:

*  How do we design activities and tools that meet the needs of different populations?

*  How do we balance required content learning with the development of necessary skills?

* How can we develop important collective thinking and discourse processes in ways that engage all
learners?

*  How do we narrow gaps in learning and educational access?

*  How do we build partnerships with schools and communities to ensure that our designs are informed by
multiple voices and sustainable beyond the span of a research grant or program?

The CSCL community has additional questions to ask since collaboration, in and of itself, can be a barrier
to many students. This is particularly the case for students with physical or learning disabilities and socio-
emotional problems. The special education community is underrepresented in the learning sciences. Addressing
this absence would increase the richness and diversity of our community. Experts in special education could help
us address design issues for students with a range of abilities and developmental needs and make CSCL more
accessible to a larger population.

We should also evaluate our designs in the context of cultural, social, and technological change,
identifying potential unintended consequences of technology use and ways that we can improve our work to
develop the types of skills learners will need in the future. This means not only examining how our designs impact
a particular learning outcome for a current population but to carefully consider their effects on related learning
and socio-emotional processes and future populations.

Finally, an important consideration is how we can scale CSCL in ways that maintain essential principles
of pedagogy and equity. As technology allows for more forms of interaction, we need to ensure that we go beyond
providing access to collaborative activities and towards supporting the development of important learning
processes within these environments. For example, the need to maintain social relationships between students and
teachers is an important concern at a time when technology use, automation, and social isolation is rapidly
growing.

Addressing these larger questions will ensure that the core principles and practices that are central to
CSCL do not get lost as technologies and educational practices evolve and proliferate. Focusing on these questions
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can help us inform policy and provide access to higher quality, meaningful, collaborative learning environments
for a broader population of students.

Our three keynote speakers are at the forefront of examining these broader questions. Dr. Laura
Czerniewicz highlights the inequalities that exist in higher education and how we can redesign learning
environments to mitigate inequalities. Dr. D. Fox Harrell examines the use of growing technologies and their
impacts at the intersection of technology use, personal identity, and societal identity. Dr. Teo Chew Lee focuses
on larger implementations in ways that maintain core CSCL principles and attend to important social relationships
between teachers and students.

Many classic and returning research themes remain stable within these proceedings. Classic research
themes include the examination of knowledge building practices and communities, using technology to disrupt
traditional teaching practices, and examining discourse, feedback, and argumentation. Returning themes include
an emphasis on regulation and awareness at the level of the group and many technologically supported
methodological approaches to evaluate learning and social interaction. One of the fastest growing returning
themes is learning analytics. This strand gained prominence in the CSCL community in 2015 and had an even
stronger representation this year.

Additionally, this year's submissions showcase significant shifts in education and the growing influence
of CSCL in some new domains. We noticed four growing trends in CSCL this year:

1. A continued increase in studies of CSCL in informal learning contexts.
2. A growing focus on supporting scientific modeling.
3. A larger representation of CSCL in higher education, especially in the information and computer
sciences.
4. Anincreasing emphasis on scaling CSCL through the creation of massive online courses and large-scale
assessments, as well as through community-level participatory and technology design.
Given these growing trends, it was not surprising to see many submissions that were taking the time to step back
and assess the state of the field to examine important methodological and practical issues.

As we consider this year's submissions in light of the conference theme, the challenge is to continue
holding the principles of equity and access at the forefront of our activities as we grow and expand as a field. Even
with a call for papers that addressed the theme, representation for research examining equity and accessibility was
relatively small. While there is much to address and embrace regarding the potential of new methods and
technologies to advance our field, the values that drive our research should remain the same. We cannot risk losing
sight of the reasons why we want to promote discourse as access to new technologies make discussion and
collaboration more accessible and easy to evaluate. Otherwise, we run the risk of expanding the computer
supported aspect of CSCL without supporting collaborative learning for all.

In these volumes, you will find a collection of thoughtful papers that examine collaborative learning at
different levels of scale, question our current practices and assumptions about learning and assessment, and take
innovative approaches to support learning both in and out of school. Many of the papers focus on these by
addressing issues of equity and accessibility within the classroom community and a few take on the challenge of
addressing our theme at a broader scale.

We end by acknowledging the contributions of the many members of our community that made this
conference possible: The organizing committee, the mentors that volunteered their time to help young students,
mid/early career scholars, and doctoral students, our leading and supporting reviewers, the staff at both host
institutions, the session chairs and discussants, and all the presenters and participants. We especially thank our
copy editor, Allison Hall, who worked countless hours over many months to prepare the proceedings. We also
thank our student volunteers who put in personal time and effort to put together the poster sessions, help organize
submissions, and assist the program and organizing committee. We extend special thanks to the following
students: Amanda Barany, Kaitlyn Bright, Heather Tanner from Drexel University; Noora Noushad and Jooeun
Shim from the University of Pennsylvania; Shulong Yan and Dhvani Toprani from Penn State University. Finally,
many thanks to Aroutis Foster for his leadership and coordination of the conference logistics.

Brian K Smith, Drexel University, USA

Marcela Borge, The Pennsylvania State University, USA

Emma Mercier, University of lllinois at Urbana-Champaign, USA
Kyu Yon Lim, Ewha Womans University, Korea
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Unbundling and Inequality in Higher Education
Laura Czerniewicz, University of Cape Town, South Africa, laura.czerniewicz@uct.ac.za

Abstract: The unbundling and rebundling of higher education refer to the ways that the
components of the traditional university experience—including resources, provision, support,
assessment, accreditation, and research—become disaggregated or disintermediated, and
reorganised and redefined through new restructured relationships, reassembled and available
in new ways. These profound changes may play out in quite different ways at different levels
of the system: Within the university, across the system nationally, or across the entire sector
globally. This talk explores what these emergent relationships might look like with a
particular concern for the implications regarding inequality and the quality of the educational
experience. Depending on the interests served and the models developed, reintermediation
offers opportunities to either exacerbate or ameliorate educational inequality, with
concomitant profound implications for teaching and learning itself.

Laura Czerniewicz (@Czernie), the Director of the Centre for Innovation in Learning and Teaching (CILT) at
the University of Cape Town in South Africa, is an associate professor in the Centre for Higher Education
Development. She is committed to equity of access and success in higher education. Her research interests
include the technologically-mediated practices of students and academics, the nature of the changing higher
education environment and the geopolitics of knowledge, underpinned by a commitment to surfacing the
expressions of inequality within and across contexts. Laura is involved with policy work, is a contributor to
national and global conversations in varied formats and serves on the advisory boards of a variety of
international higher education educational and technology publications. She blogs intermittently
at http://lauraczerniewicz.uct.ac.za/ and can be followed as @czernie on Twitter.
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Virtual Selves and Learning

D. Fox Harrell, Massachusetts Institute of Technology, fox@csail.mit.edu

Abstract: Educational technologies such as adaptive learning systems, educational games,
and Massive Open Online Courses (MOOCs) have proliferated. Almost all students these days
play videogames. Given the widespread and growing use of such technologies, which
invariably involve virtual identities such as user profiles and avatars, it is important to better
understand their impacts and to establish innovative and best practices for learning. In this
talk, Harrell explores how our social identities are complicated by their intersection with
computing and learning technologies including videogames, virtual worlds, social media, and
related digital media forms. With an emphasis on equity, Harrell will explore how virtual
identities both implement and transform persistent issues of class, gender, sex, race, ethnicity,
and the dynamic construction social categories more generally.

D. Fox Harrell is Professor (as of July 1, 2017) of Digital Media in both the Comparative Media Studies
Program Computer Science and Artificial Intelligence Laboratory at MIT. His research focuses on the
relationship between imaginative cognition and computation. He founded and directs the MIT Imagination,
Computation, and Expression Laboratory (ICE Lab) to develop new forms of computational narrative, gaming,
social media, and related digital media based in computer science, cognitive science, and digital media arts. He
is the author of the book Phantasmal Media: An Approach to Imagination, Computation, and Expression (MIT
Press, 2013). In 2010, Professor Harrell received a NSF CAREER Award and, in 2014-2015, he was awarded a
Fellowship at the Center for Advanced Study in the Behavioral Sciences (CASBS) at Stanford University and
was the recipient of the Lenore Annenberg and Wallis Annenberg Fellowship in Communication.
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Symmetrical Advancement: Teachers and Students Sustaining
Idea-Centered Collaborative Practices

Teo Chew Lee, Ministry of Education, Singapore, teo_chew_lee@moe.gov.sg

Abstract: With insights established by learning sciences research, educating in the 21st
century requires changing not just the procedures of the classroom practice but the underlying
principles that guide the practice. There are many strategic approaches to scale such principle-
based innovative practice, many involved coordinated efforts across school organization and
school administrators. Regardless of the scaling approach, the most important likely remained
to be the concerted effort to shift teachers’ conception of their students, the trust on their
students and the imagination required to see possibilities of deep learning. Similarly, we seek
to shift these conceptions in middle managers and finally the idea of 21st-century school
perceived by school leaders.

The content of this talk is taken from an 8-year old Knowledge Building Project in
Singapore. In this talk, we attempt to trace the growth of four visible dimensions of the project
and the challenges embed within each dimension. Knowledge building practice requires a
significant shift from knowledge deepening to knowledge creation paradigm. This particular
KB project has been focusing on working with teachers to design and enact idea-centered and
collaborative classrooms while tackling all curriculum and assessment demands along with
physical and time constraints prevalent in every school. It warrants a detailed study of the
areas of growth to ensure symmetry in advancement in all stakeholders in schools and
considering all dimensions of schools and teaching and learning processes. This is needed so
that intensive innovations, such as KB, have a chance to take root in practice. In fact, creating
symmetrical knowledge advancement in all our collaborators and collaborating schools has
always been a core principle of design in the research.

Four visible areas of growth include (i) growth in number and connectedness of
teachers in practice; (ii) growth in the dimensions of teaching and learning involved in the
innovation; (iii) growth in ownership of practice; (iv) growth in research considerations; (v)
growth in the role of the researcher.

Teo Chew Lee is the Lead Specialist in Learning Partnership in Educational Technology at the Educational
Technology Division in the Ministry of Singapore. She began exploring Knowledge Building (KB) technologies
in her classroom at the beginning of her career as a science educator about two decades ago. She completed her
Ph.D. at OISE/UT, Canada and joined the ministry in 2009 to lead a research group on translating KB theories
technologies into Singapore classrooms. Chew Lee uses a design-based research approach to study ways to
facilitate Singapore teachers in designing knowledge building environments and has worked at various level and
subjects from primary school to junior colleges. She focuses her work on understanding teachers’ problem
spaces in their discourse and their work to design idea-centered learning environments. From 2013, she
extended the impact of the work to create a KB network learning community in Singapore that builds new
understanding of the practice. At the ministry, Chew Lee also does extensive work on Educational Technology
in curriculum design & development at the policy level. She currently heads a group of specialists and teacher-
researchers in exploring educational technology for active learning with technology in English Language,
Chinese Language, Sciences, and the Humanities.
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Collaborative Learning on Multi-Touch Interfaces: Scaffolding
Elementary School Students

Lara Johanna Schmitt and Armin Weinberger
l.schmitt@edutech.uni-saarland.de, a.weinberger@edutech.uni-saarland.de
EduTech, Saarland University

Abstract: Multi-touch interfaces allow for direct and simultaneous input by several co-present
learners. Additional scaffolding may or may not be needed to ease or problematize tasks that
involve intuitive bodily experiences. In this study, a tablet app (“Proportion”)is supposed to
enable two novices (about 10 years old) to collaboratively construct an understanding of
proportional relations. Ina 2 x2 factorial design (n =162), effects of facilitating strategy prompts
(with / without) and problematizing verbalization prompts (with / without) regarding the
variables task focus, emotions, quality of dialogue and learning gains have been investigated.
While the strategy prompts did not have any significant influence, the verbalization prompts
had versatile effects: On one hand, quality of talk was improved, on the other hand, task focus
and emotions were negatively affected. Learning gains were limited to near transfer task types
and comparable over conditions.

Keywords: collaborative learning, embodiment, proportional reasoning, scaffolding, tablets

Multi-touch interfaces for collaborative embodied learning

Multi-touch interfaces allow for co-present collaborative learning and, specifically, for equal, simultanecous, and
direct manipulation of a learning environment (Roschelle et al., 2010). Using a multi-touch interface together can
support beneficial forms of interactions, like whole-group discussions, fluid interactions (Alvarez, Brown, &
Nussbaum, 2011), equal participation, and joint time on task, while process losses are reduced (Mercier, Higgins,
& da Costa, 2014). The direct manipulation is supposed to reduce the “cognitive distance between intent and
execution” (Rick,2012;p. 316) and also enables forms of embodied learning experiences (Schneps et al., 2014),
using the body to interact with a tool in order to construct knowledge. Despite the possible benefits of embodied
approaches in learning mathematics (Abrahamson & Lindgren, 2014), embodied hands-onlearning activities may
provoke off-task behavior and distract from the actual learning goals (e.g., Danish, Enyedy, Saleh, Lee, &
Andrade, 2015), thus come at the cost of verbalization, abstraction, and reflectionofknowledge. Hence, additional
scaffolding for reflection may constructively complement, but may also disrupt the embodied learning
experiences. To address this issue, the present study examines to what extent scaffolding can support learning in
an embodied learning environment or not.

Scaffolding CSCL with collaboration scripts

Supporting learners’ (inter-)actions for knowledge construction can take various forms. One widely applied form
is scripting of collaborative processes, which focuses on fostering reflection (Kobbe et al., 2007). Building and
sharing arguments together may productively coalesce with embodied learning experiences, helping to translate
between embodied experience and abstract conceptualization. A large body of research shows that argumentative
practices can be facilitated in CSCL scenarios through scripting (e.g., Gijlers, Weinberger, van Dijk, Bollen, &
van Joolingen, 2013).

One of the core design questions of scripting to scaffold collaborative learning processes is whether
scripts should make the task easier or harder (Reiser,2004): Onone hand, learners oftenneedstructural or strategic
support to proceed in task solution processes; providing this support, by e.g. reducing the complexity of a task or
learning environment, is making the task easier. For example, scaffolding can guide learners to better understand
what they have to do, what is a sensible sequence ofactivities, or where should they focus their attention (Jackson,
Krajcik, & Soloway, 1998). Those strategic types of scaffolds are prospective, i.e. directed to future behavior.
One goal of scripting is internalization of effective scripts by the learner (Fischer, Kollar, Stegmann, & Wecker,
2013). Onthe other hand, learners’ understanding can be enhanced by problematizing aspects of the tasks; to this
end, prompting reflection and verbalization is feasible; contrary to the first way of scaffolding, it is making the
task harder (Reiser,2004). Stopping learners from superficial and fast problem solving and prompting them to
engage in verbalizations, aims at fostering deep elaboration of the learning material (King, 1990). The quality of
learners’ interactive talk has been found to positively relate to learning (Paus, Werner, & Jucks, 2012; Teasley,
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1995; Webb, 1989). Scaffolding learners to reflect typically is a retrospective, thus reflective activity, directed
into the past.

So potentially, there is a need for enriching embodied learning experiences on multi-touch interfaces
with scripting for deliberate activities, reflective collaborative discourse, or both. In this paper, we consider
whether prompting learners to apply heuristics that make the task easier and / or prompting learners to verbalize
underlying mathematical concepts, abstract from the immediate experience and hence making the task more
difficult, can facilitate processes and outcomes of co-located CSCL using multi-touch devices. While positive
effects can be assumed, the opposite might happen: Do well-meant prompts actually interfere with intuitive
embodied learning environments? While prompts theoretically would improve cognition and problem solving
strategies, their sudden appearance during gameplay can also seriously ruin the experience (Wouters et al., 2015).
Scaffolding could be both: counterproductive, thus ruining and disrupting the bodily, hands-on learning
experience, or complementary, thus improving and supplementing it with processes of encoding that are necessary
for memorization and learning.

Proportional reasoning

Proportional reasoning is defined as “reasoning with ratios, rates, and percentages” (Jitendra, Star, Rodriguez,
Lindell, & Someki, 2011, p. 731) and is a central topic in mathematics (Boyer, Levine, & Huttenlocher, 2008).
Children typically have difficulties with it; particularly handling fractions is a problem (Mix, Levine, &
Huttenlocher, 1999). Reinholz, Trninic, Howison, and Abrahamson (2010) blame a lack of senso-motorical,
embodied experiences for causing difficulties in handling proportions. Researchers identified typical
misconceptions that children face in proportional reasoning tasks: First, application of counting strategies to
proportions, especially when concrete units are presented (Boyer et al., 2008). Second, application of addition
rules to proportions (Mix et al., 1999). Third, failure to form correct proportional representations from discrete
units, that is not building a relative relationship between numerator and denominator of a fraction (Boyer et al.,
2008; Mix et al., 1999). Fostering proportional reasoning requires effective learning set-ups. Research showed
that collaborationincombination with hypothesis testing has the potential to live up to that (Ellis, Klahr, & Siegler,
1993). Recent developments also aim at including embodied learning experiences. Similar to the Mathematical
Image Trainer (Reinholz et al., 2010), we have developed the "Proportion" iPad app that aims at improving
children's proportional reasoning by letting them directly manipulate proportional relations.

Research question and hypotheses

This study clarifies the following research question utilizing a 2x2 design: To what extent can collaborative
learning with tablets be supported by different types of prompts (facilitating strategy prompts / “STRAT” vs.
problematizing verbalization prompts / “VERB”), regarding learning processes and outcomes?

e Hypothesis 1: STRAT prompts and VERB prompts and their combination will result in higher task
focus. Facilitating the task with the STRAT prompts should help learners to make progress and stay on
track. Problematizing the task with the VERB prompts also should direct learners’ attention to relevant
task features.

e Hypothesis 2: The STRAT prompts will induce more positive emotions; the VERB prompts will induce
more negative emotions. Making the task easier (STRAT) is supposed to trigger positive emotions like
enjoyment, because task progression is facilitated. Making the task harder (VERB) is supposed to result
innegative emotions like frustration or anger, because task progressionis slowed down by difficult verbal
tasks.

e Hypothesis 3: The VERB prompts will enhance the quality of dialogic interactions. Explicitly requesting
learners to externalize their knowledge and engage in discussions should result in higher transactivity
and higher epistemic quality.

e Hypothesis 4: STRAT prompts and VERB prompts and their combination will result in higher learning
gains, regarding both near and far transfer task types. The internalization of task solving strategies
suggested by the STRAT prompts should have a positive impact on learning. Higher-order verbalizations
as scaffolded by the VERB prompts impact learning positively by promoting deeper elaboration and
multiple perspectives.
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Methods

Sample

Participants (fourth graders; mean age: 10.34 years (SD=.55); 50% male) were acquired from seven primary
schools in Germany. All participants had a consent form signed by their legal representatives, informing on data
collection and analyses. In total, n=162 participants took part in the experiments, being tested in four different
experimental conditions (control, STRAT, VERB, and VERB-STRAT). yx3-tests and ANOVAs did not reveal
statistically significant differences between conditions regarding the control variables gender, handedness,
experience with or owning of a multi-touch device, pre-test or —questionnaire.

Material

The learning environment “Proportion” is an iPad application (Rick, 2012). The interface is designed to afford
incorporationofhand /arm movements, i.e. aiming at actively experiencingand embodying proportional relations.
The app consists of a fixed sequence of 21 levels with 5 to 23 tasks each. In Proportion, learners control two bars
(orange and blue) that are positioned vertically next to each other. To solve the tasks, learners need to resize the
bars, so that they are in the right relation to each other as indicated by the associated numbers. See figure 1a for
an example: In this case, the bars need to be resized so that the left bar’s height would be 2/3 compared to the
right one. Once a task is solved, the numbers of the next task appear. An owl acts as a pedagogical agent and
provides feedback, e.g. announces “correct” once a task is solved. The owl also voices the varied prompts; see
figure 1b and 1c. The prompt versions (A, B, or C; see table 1) alternate in the same fashion for all dyads in the
prompted conditions: After the first task of each level, one STRAT (in the STRAT condition), one VERB (in the
VERB condition), or both prompts (in the VERB-STRAT condition) appear on the screen.

Table 1: Overview on prompts

Version Level STRAT VERB

A 1,4,7,10, | “Tip for all tasks: What is higher, orange or “Explain to your learning partner: What did
13,16, 19 | blue? First say it out loud, then you do!” one need to do in order to solve the task?”

B 2,5,8,11, | “Tip for all tasks: First think and provide an “Describe to your learning partner: What
14, 17, 20 | estimate, then set the bars' correct height!” could one learn in this task?”

C 3,6,9,12, | “Tip for all tasks: If the task is hard and you're | “Explain to your learning partner: What do all
15, 18, 21 stuck, what might help is to discuss and talk!” | of these tasks have in common?”

Pre- and post- questionnaires and math tests were applied. The pre-questionnaire collected socio-
demographic data, previous experiences with multi-touch devices, and attitudes towards math, school, and
collaborative learning. The post-questionnaire measured participants’ acceptance of the app, subjective learning
gain, and aspects of the collaboration. The math test consisted of tasks related to fractions and proportions; the
tasks were classified as requiring lower vs. higher levels of transfer (near transfer tasks vs. far transfer tasks). The
near transfer tasks were designed to capture the strategies that were used to progress within Proportion. The far
transfer tasks aimed at capturing knowledge on proportions and fractions more broadly. At maximum, one could
reach 21 points in the math test: 13 for the far transfer tasks and 8 for the near transfer tasks.

= le A
{0 (.1] Ufgq,
<¥ s ist hdhe,_:be,,‘.
c°‘“ge oder, b/%
of . les erst Y2

091 niis 9
(%) oc,\'\‘\' CL ooj¢

) \frd Erklareldeinem! | |

oo Lernpartner: o
Was' musstel man

v tun, um diese A
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(a) (b) (c) (d)
Figure 1. The interface of Proportion (a), example of displaying one STRAT (b) and one VERB (c) prompt, two
children collaboratively using Proportion (d).

Seven iPads of the second generation were used for the experiments. Video cameras and microphones
recorded participants’ interactions with each other and Proportion.
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Experimental procedure

The experimental procedure followed a pre-test — intervention — post-test design and has been carried out by one
of'several trained experimenters. Experiments took place inside the respective schools. Participants were randomly
assigned to conditions by lot. After a general welcoming and introduction to the learning session, the participants
individually filled in the pre-questionnaire and the pre- math test (10 minutes). Next, the students worked
collaboratively with the Proportion app for 40 minutes, see figure 1d; this phase was video-taped. Aftera 5 minutes
break, the participants individually filled in the post-questionnaire and post- math test (10 minutes). Altogether,
one experiment cycle covered about two regular school lessons (90 minutes).

Variables

The dependent variables have been aggregated (i.e. averaged) on the dyad level as we cannot assume statistical
independence of the dyadic learners. Regarding the analysis of learners’ non-verbal behavior and dialogues, we
chose to sample every second problem of every second of the up to 21 levels learners reached in the given 40
minutes. This allowed us to focus on continuous interactions (reactions to success, reactions to the prompts for
the prompted conditions, and the problem solving process) ontypical tasks throughout the learning experience
rather than special cases of initial coordination or final conclusions. The samples started with the appearance of
“Correct” of the first problem of the level, coveredthe prompt, extended over the second problem and ended when
this problem has been solved. The video samples have been transcribed and video coded using coding schemes
that have been developed based on previous work (e.g., Weinberger & Fischer, 2006) and the data at hand.
Interrater reliability was measured using Krippendorff’s a. Dependent variables analyzed for this contribution
comprise task focus (measured as off-task behavior), negative and positive emotions (gestures), transactivity and
epistemic quality, and learning gains in near and far transfer tasks (math-tests). Instances of off-task behavior,
positive and negative emotions have each been summed up and their average occurrence per coded segment has
been calculated, see table 2 for the coding criteria.

Table 2: Coding criteria for nonverbal behavior (video analysis)

Variable Krippendorff’s a Indicators

Off-task 95 looking around the classroom, looking into the camera, interactions with
behavior ) participants outside the own group

Positive 31 clapping into one’s own or the learning partner’s hands, throwing hands up in the
emotions ) air, clenching the fist, showing thumbs-up

Negative 77 threatening the iPad, facing the palms upwards, dismissive hand gesture, face-
emotions ) palming

Regarding the transcripts of dialogues, the utterance / turn was the unit of analysis and one category has
been assignedto each. Transactivity refers to the extent that participants react to and base their verbal contributions
on their partners’ contributions. Epistemic quality refers to the content of participants’ utterances: Are the
utterances off- or on-topic and are they a pure regulation of their interaction or (different levels) of actual task-
related explanations?

Table 3: Coding criteria for transactivity and epistemic quality (transcripts of videos)

Variable Krippendorffs o Categories Relative quality

Externalization 0
Externalization as reaction
Acceptance

Transactivity 78 Refusal

Elicitation

Integration

Conflict-oriented consensus building

Off-topic utterance

On-topic: regulation of the interaction

.90 On-topic: concrete task-related regulation
On-topic: abstract content-related regulation
On-topic: Strategies / procedural knowledge

Epistemic
quality

RN B[— ||| B[~ —D
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To illustrate the coding scheme, here is one example from the data: Student A: “This needs to go higher”,
student B: “You have to go lower. It needs to be three times the size”. Regarding transactivity, we coded
externalization for student A, and conflict-oriented consensus building for student B, as student B refutes the
partner’s suggestion, but also provides an alternative suggestion and justifies it. Regarding epistemic quality, we
coded concrete task-related regulation for student A, because the remark is closely tied to what can be seen on the
screen, and we coded abstract content-related regulation for student B, because the remark refers to more abstract
knowledge (“three times the size), going beyond what can be seen on the screen. Taking their relative quality
into account (see e.g., Teasley, 1997; Weinberger & Fischer, 2006), the raw categories of transactivity and
epistemic quality, see table 3, have each been aggregated to global scores.

Results
Hypothesis 1 stated a main effect for both STRAT and VERB as well as an interaction between the prompts on
task focus. A two-factorial ANOVA revealed no statistically significant main effect of STRAT (F(1,76)=.159,
p=.691), but a highly significant main effect of VERB: F(1,76)=18.190, p=.000, #?>=.19. However, this highly
significant effect is contrary to our hypothesis, as off-task behavior is actually reinforced, and not reduced, with
the presence of the VERB prompt, see figure 2. The interaction of the prompts was not statistically significant
(F(1,76)=2.451,p=.122).

Hypothesis 2 stated more positive emotions for STRAT and more negative emotions for VERB. A two-
factorial ANOVA revealed no statistically significant effect of STRAT on positive emotions: F(1,76)=1.919,

p=.170. The effect of VERB on negative emotions is statistically significant with F(1,76)=7.019, p=.010, ?>=.09,
see figure 2.
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Figure 2. Average number of off-task events, and positive and negative emotions per coded segment; error bars
represent 95% Cls; * p <.05; ** p< .01; *** p < .001.

Hypothesis 3 stateda main effect of VERB on the quality of dialogic interactions, regarding transactivity
as well as epistemic quality. Two-factorial ANOVAs were conducted. Regarding transactivity, there was a
significant main effect of VERB (£(1,70)=7.241, p=.009, #?>=.094), indicating higher transactivity in the presence
of the VERB prompts than without it, see figure 3a. Also regarding the epistemic quality score, there was a
significant main effect of VERB (F(1,70)=9.437, p=.003, #?>=.119), indicating a higher epistemic quality in the
presence of the VERB prompts than without it, see figure 3b.
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Figure 3. Scores in transactivity (a) and epistemic quality (b); error bars represent 95% Cls;
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Hypothesis 4 stated that STRAT and VERB and their combinationwill increase learning gains, regarding
both near and far transfer task types. Two-factorial repeated measures ANOVAs were conducted. Regarding near
transfer tasks, there was no statistically significant interaction of STRAT x point in time (F(1,77)=.585, p=447),
VERB x point in time (F(1,77)=.061, p=.805) or STRAT x VERB X point in time (F(1,77)=1.502, p=.224). Only
an improvement independent from conditions could be found (main effect of point in time): F(1,77)=11.179,
p=.001,n?=.13. Regarding far transfer tasks, there was no statistically significant interaction of STRAT x point
in time (F(1,77)=3.231, p=.076), VERB X point in time (F(1,77)=.112,p=.739) or STRAT x VERB X point in
time (F(1,77)=.003, p=953). Contrary to near transfer tasks, no generic improvement from pre- to post-test (main
effect of point intime) in the far transfer tasks could be found: F(1,77)=.174, p=.677.

Discussion

Collaborative learning with a shared multi-touch device might enable young learners to bodily experience
mathematical properties. The learning experiences may be enhanced by different ways of scaffolding, which is
being investigated in this study.

Hypothesis 1 claimed a main effect ontask focus for the strategy prompts, the verbalization prompts as
well as their combination. While the strategy prompts did not have a statistically significant effect on task focus,
the verbalization prompts’ influence was strong but reverse to our hypothesis: The verbalization prompts actually
increased off-task behavior. An interaction effect of the prompts on task focused behavior could not be found.
Hypothesis 1 needs to be rejected. On one hand, the strategy prompts could not measurably help learners to stay
on track, on the other hand, while we intended to direct learners’ attention to relevant aspects of the task with the
verbalization prompts, we actually achieved the opposite: Learners got distracted more easily.

Those results get solidified when looking at hypothesis 2 which predicted more positive emotions as a
consequence of the strategy prompts and more negative emotions as a consequence of the verbalization prompts.
Again, presence of the strategy prompts did not make a difference regarding positive emotions; possibly, any
prompt, evenif itis there to help learners, might be unwelcome in an embodiedlearning environment, as it disrupts
the ongoing immersive activities. As hypothesized, the verbalization prompts induced more negative emotions,
which may be linked to an increase inperceived task difficulty. Hypothesis 2 is being rejected concerning positive
emotions affected by the strategy prompts, but confirmed regarding negative emotions affected by the
verbalization prompts. Taken together with the results of hypothesis 1 (verbalization prompts increase off-task
behavior) those results are disconcerting. Participants being confronted with the verbalization prompts showed
about twice as much negative emotions and off-task behavior as participants without it. There seems to be a thin
line between enrichinga game-like learning environment in a way that facilitates learning, while keeping students’
engagement high (Deater-Deckard, El Mallah, Chang, Evans, & Norton, 2014). However helpful prompts like
“Explain to your learning partner...” have proven to be in the past, they may still come at the cost of raising the
difficulty too much, interrupting the flow, and disengaging learners in specific immersive, embodied CSCL
experiences. Hence, these results merit further investigation of when, how, and why prompting may produce these
problematic side effects.

Hypothesis 3 predicted higher levels of transactivity and higher epistemic quality caused by the
verbalization prompts. Indeed, this could be confirmed. Verbalization prompts had positive medium-sized effects
on students’ dialogues on both, transactivity as well as epistemic quality. Similar findings have already been
established with adult learners, e.g. showing positive effects of scripting on argumentation (Weinberger,
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Stegmann, & Fischer,2010). Here we can show that prompts can raise discussionquality even with young learners
(see also van Dijk, Gijlers, & Weinberger, 2014).

Hypothesis 4 claimed that strategy prompts and verbalization prompts and their combination will result
in higher learning gains. Only for near transfer tasks, a medium-to-large statistically significant improvement from
pre- to post- math test over all conditions could be found. There was no interaction with any of the prompts, there
was also no significant improvement regarding the far transfer tasks.

The strategy prompts were widely ineffectual. We could not find support for the assumption that they
would actually make the task easier. Motivational as well as cognitive factors could have played a role. We could
not force participants to thoroughly read the prompts and in the light of the engaging and fun gaming activity, the
prompts might have simply been ignored and the gaming activity continued instead. Also, limited cognitive
capacities in processing, understanding and applying the suggested strategies might account for the limited effects
of the strategy prompts.

The verbalization prompts impacted many variables, in beneficial and detrimental ways. They showed
to enhance quality of talk, not to affect learning gain, and to have adverse effects on task focus and negative
emotions, presumably having raisedthe difficulty (too much). Since the verbalization prompts did augment quality
of learners’ talk (see results of hypotheses 3), a positive effect onlearning could have been expected. Different
alternative explanations may apply why that was not the case. Verbalization of difficult to verbalize cognitive
representations cancorrupt performance innon-verbal tasks (verbal overshadowing effect; Schooler,2002). Also,
social preference might have played a role: Van Dijk et al. (2014) found that social aspects are crucial in young
learners’ collaborative learning, i.e. students who got along well with each other produced better results. In our
study, the dyad formation was random, so maybe that is why participants did not always collaborate effectively.
Regarding the topical embodiment perspective, however, our study does not find much support for embodiment
to be a huge factorinlearning. Likewise, limited effects of game-basedlearning environments have beenattributed
to the sole acquisition of intuitive knowledge that is never verbalized and translated to out-of-game contexts like
formal tests (Wouters etal.,2015). More studies comparing Proportionto a comparable learning environment that
does not feature embodied approaches could firstly, shed more light on the actual role of embodiment in learning
and secondly, inspire the development of new learning environments that sensibly bring together embodied,
hands-on learning experiences with phases of activities that serve abstraction and reflection.

In this study, we investigated how prompting for strategic behavior and/or reflective dialogue effects
collaborative learning of proportional reasoningin an intuitive, embodied learning environment. Challenges of
incorporating phases of reflection into bodily learning environments while keeping flow and engagement high
have been highlighted. Future research could focus on how to further address this issue.
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Abstract: Online collaborative reading has been widely implemented as an instructional
activity in various context, with many studies demonstratingeffective learningoutcomes. Based
on knowledge construction theory, we put forward an online collaborative reading approach to
learning from an academic handbook in a graduate-level course. Through examination of the
behavioral patterns and relationship patterns of different phases in the course, we found that
student contributions to peers’ micro-courses were not symmetric; some students would submit
irrelevant comments in different collaborative phases, and almost all students kept in touch with
each other directly. Our study also indicated that students’ task load and consistency were two
important factors to affect their collaborative performance. Our findings would help course
teachers designand conduct collaborative reading activities at the postsecondarylevel in future.

Introduction

Knowledge construction has been widely used and discussed, which emphasizes that students construct new
knowledge through social interactions (Huang, 2002; Kanuka & Anderson, 2007). Advancement in internet
technology has led to an increase in instructional activities with computer support, such as English language
reading instruction (Chen, Chen, & Sun, 2010). Based on knowledge construction theory, previous studies of
online collaborative reading mainly focus on students’ reading attitude, reading comprehension, reading strategy,
motivation, and learning effectiveness, and reveal that students in collaborative learning environments
demonstrate stronger cognitive development, more positive learning attitude, and higher learning motivation than
control groups (Chen & Chen, 2014; Ding, 2009; Lin, Chen, Yang, Xie, & Lin, 2014).

1.self-directed reading 2.designing micro-course
o Reading academic handbook e  Micro-course content
Taking notes —>. Learning activity

o Extending reading related literature
e Recording micro-video

Learning assessment
Learning certification

! v

4.data acquisition and assessment 3.peer coaching

e Learning interaction data e  Watching online micro-video

e Learning engagement data < e Co-editing micro-course content

e Presentation in class e Accomplishing learning activity
e Commenting and remarking

Figure 1. The online collaborative reading procedure. Adopted from Wan et al. (2015)

Peer tutoring is vital to collaborative learning (Robinson & Hullinger, 2008). However, students in
conventional collaborative learning environments tend to share and compare the available information rather than
to construct new knowledge (Ma, 2009; Schellens, Van Keer, De Wever, & Valcke, 2008). They are usually only
requiredto finish tasks according to reading materials rather than generate new knowledge for peer to study (Chen
& Chen, 2014; Lin et. al, 2014). In this study, we put forward an innovative collaborative reading approach with
four stages: self-directed reading, designing micro-course, peer coaching, and data acquisition and assessment (as
shown in Figure 1; for detail referringto Wan, Yu, Cui & Chiang, 2015). Apart from sharing information, students
not only need to generate new information through their own reading, but they also need to finish learning the
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information generated by their peers in this innovative collaborative reading activity. Identification of students’
collaborationpatternis of value to pedagogical and technical design(Lin et. al, 2014). For example, the sequential
analysis technique coulddemonstrate the sequences of students’ action and has been widely used to analyze online
collaborative discussion (Hou & Wu, 2011; Shukor, Tasir, Van der Meijden, & Harun, 2014). Therefore, this
study attemptedto investigate the students’ behavior and relationship patterns by lag sequential analysis and social
network analysis to provide reference for course teachers to design and conduct collaborative reading activities
in higher education.

Method

Participants

The participants were twelve graduate students and one visiting scholar in a graduate course, New Development
of Educational Technology, at a university in China. The course contained lectures implemented by professors
and the reading activity of an English academic handbook which made up the students’ course assignment. Apart
fromsimply reading the English academic handbook, the course required students to make a micro-course of each
article they read according to their own understanding. Students were also required to learn and contribute to
peers’ micro-courses with the Learning Cell System (an online collaborative learning system described below).
All the students received prior training and were capable of using this learning system with ease.

Procedures

At the beginning, the course teacher selected the Handbook of Research on Educational Communications and
Technology (4th edition) published by Springer as reading materials. This handbook was written in English and
included nine sections with seventy-four articles, covering foundations, methods, assessment and evaluation,
general instructional strategies, domain-specific strategies and models, design, planning, and implementation,
emerging technologies, technology integration, and look forward. The goal of reading the handbook was to
support the students in developing a systematic understanding of educational technology research and its
development.

Afterwards, each student randomly chose five or six articles. The course teacher divided the whole
semester into three phases and each phase lasted six weeks. During each phase, the students completed four tasks,
(i.e., reading two articles, making two micro-courses, learning twenty-four micro-courses of peers with learning
system, and making one presentation in an offline class). Those micro-courses required students to create a
complete teaching structure, including a micro digital resource (e.g., micro-video), a learning activity and a
learning assessment.

Finally, all of the interaction data generated in the process of the collaborative reading activity were
exported to one Excel file for further lag sequential analysis and social network analysis.

Instruments

Learning Cell System

An online collaborative learning system entitled Learning Cell System (LCS, http://Icell.bnu.edu.cn) (Yu, Yang,
Cheng, & Wang, 2015) was used to observe the behavioral and social network patterns by supporting the whole
process of the collaborative reading activity. The heart of LCS is an open, networked, communal knowledge
community. Its main functions are learning cell, knowledge group, knowledge cloud, learning tool, personal space,
and learning community. A learning cell serves as a micro-course, which usually includes learning content,
learning activity and learning assessment. Students could share their ideas and information, and contribute to
peers’ ideas through authoring or coauthoring a learning cell.

Coding scheme

To understand the learners’ process of social knowledge construction, the items in Gunawardena, Lowe and
Anderson’s (1997) coding scheme were adopted as the scheme has been widely used in many studies of online
collaborative learning patterns (Choo, Kaur, Fook, & Yong, 2014; Hou & Wu, 2011; Yang, Li, Guo, & Li, 2015).
Gunawardena et. al (1997) divided the knowledge construction process into five dimensions: 1) sharing and
comparing information, 2) discovery and exploration of dissonance or inconsistency, 3) negotiation of meaning
and co-construction of knowledge, 4) testing and modification of the proposed synthesis and co-construction, and
5) agreement statement(s) and applications of newly constructed meanings (see B1 to B5 in Table 1). In addition,
we added anew dimensionB6 to express irrelevant informationto this collaborative reading task. Thus, the coding
scheme for content analysis in online collaborative reading behaviors of English academic handbook is shown in
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Table 1, which also provides behavior type and content example for each item to more clearly to clarify different
behaviors.

Each log or comment message was treated as a unit and coded, and the codes were then arranged in
chronological order. 9343 logmessages and 851 comment messages were yielded during the 120-day observation.
These log messages were coded according to their categories (e.g., creating learning cell, browsing, cooperative
editing learning cell, remark, reflection) definedin LCS. These comment messages were coded by two coders
with the same expertise according to the scheme and the kappa value was 0.73.

Table 1: Coding scheme for knowledge collaborative construction behaviors

Code Dimension Behavior types and examples
B1  Sharing/comparing of Creating learning cell, adding learning activities, uploading
information learning material, and releasing reading work and concept map.
B2  Discoveryand explorationof = Browsing, collecting, and giving feedback on learning cell created
dissonance or inconsistency by peer; coming up with confusion during learning.
among participants Can “qualitative research”be translated into “/5i M A/F 577 or “& ¥4
w2
B3  Negotiation of meaning/co- Cooperative editing learning cell, modifying video and content,
construction of knowledge adjusting content structure, comment.
Discussion with peer on topics and give suggestion on problems.
B4  Testing and modification of Remark, comment, annotation, pointing out problem.
proposed synthesis or co- I cannot hear clearly of the back of video. I think “educational
construction design research” translated into “Z(*% ¥ 11-#/f 75 will lead to
misunderstanding. The micro-course does not include learning
activity.
BS5  Agreement Reflection, comment, annotation.
statement(s)/application of Writing reflective journal entries. I think teacher cannot be replaced

newly constructed meaning by pedagogical agent. I agree that both the internal validity and
external validity are important for a study.
B6  Other interactions with no Irrelevant information.
relations with the reading task ~ Very good. You have done a good job. You are an idol for me. I
have gota lot fromit.

Results and discussion

At the end of semester, we found that the students did not strictly followthe pre-class requirement made by course
teacher, (i.e., reading two articles and making two micro-courses in each phase). Four micro-courses were
submitted after the end of course and one micro-course was incomplete. Hence, the coded 10194 messages were
about those sixty-nine micro-courses. The sum frequency of Bl was 312, 0f B2 was 7490, of B3 was 963, of B4
was 729, 0f B5 was 401 and of B6 was 299. The distribution of those coded messages in each phase is shown in
Figure 2. As shown in Figure 2, the behavior frequency in phase 3 is more than phase 1 and phase 2. And the
behavior frequency difference was very big because students only made 18 micro-courses during the first phase,
12 micro-courses during the second phase and 41 micro-courses during the last phase. In each phase, the behavior
frequency of B2 was always larger than other behaviors, even the sum of other behaviors.

GSEQ 5.1 (Bakeman & Quera, 2011) was used to conduct lag sequential analysis by analyzing the
behavioral patterns of knowledge construction in collaborative reading process. Table 2 shows the frequency of
each behavioral category immediately following another behavioral category in different phases (Phase 1, Phase
2, and Phase 3). The columns represent the starting behaviors, whereas the rows represent the behaviors that
occurred after the starting behaviors finished. The numbers represent the total number of times a column behavior
occurred immediately after a row behavior ended (e.g., in row 2 column 3, the number 216 meant that “B3
occurred immediately after B1,” which happened 216 times in Phase 1).
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Figure 2. Frequencies of knowledge collaborative construction behavior (Phase 1 to Phase 3).

Table 2: Frequency transition table (Phase 1 to Phase 3)

Frequency B1 B2 B3 B4 B5 B6 Total
Phase 1 B1 42 26 12 1 0 2 &3
B2 16 1889 216 136 26 32 2315
B3 7 217 42 26 6 4 302
B4 0 43 13 8 68 50 182
BS 0 84 10 6 1 0 101
B6 1 72 9 5 0 4 91
Total 66 2331 302 182 101 92 3074
Phase 2 B1 24 34 12 1 2 0 73
B2 24 1077 118 95 26 15 1355
B3 10 115 46 19 3 2 195
B4 1 35 10 10 42 32 130
BS 1 62 5 5 2 0 75
B6 2 41 4 1 1 2 51
Total 62 1364 195 131 76 51 1879
Phase 3 B1 68 57 26 1 1 2 155
B2 37 2944 71 289 71 44 3756
B3 7 356 33 57 5 6 464
B4 0 97 24 139 139 101 416
BS 0 199 6 7 7 1 223
B6 2 141 6 1 1 2 156
Total 114 3794 466 416 224 156 5170

Table 3 shows the results of adjusted residuals. The Z-score of asequence greater than 1.96 means that
the connectivity of this sequence reached statistical significance (p < 0.05) (Bakeman & Gottman, 1997).
According to those 22 statistically significant sequences with Z-score greater than 1.96 in Table 3, we formed the
behavioral transition diagrams (see Figure 3.) The node represents one of the six behavioral categories, the
numerical value represents the Z-value for the sequence, the arrowheads represent the transitional direction, and

the connecting line thickness represents the level of significance.

Table 3: Adjusted residuals table (Z-scores) (Phase 1 to Phase 3)

Z-score B1 B2 B3 B4 BS B6
Phase 1 B1 30.88* —9.60 1.44 —1.85 -1.70 —0.32
B2 -9.73 13.05% -1.61 —0.19 -11.75 -9.15
B3 0.22 —1.70 2.51* 2.08* —1.33 —1.79
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B4 —2.06 -16.96 -1.25 -0.90 26.59* 19.98*

BS -1.51 1.75 0.03 0.01 -1.32 -1.79
B6 —0.70 0.74 0.02 —0.17 —1.78 0.80
Phase 2 B1 14.43* —5.08 1.73 -1.92 —0.58 —1.46
B2 -5.96 10.77* -3.82 0.11 =7.52 —6.89
B3 1.51 —4.50 6.39* 1.61 —1.88 -1.53
B4 -1.67 -12.10 —-1.04 0.33 16.95* 15.93*
BS -0.97 2.00% -1.08 —-0.11 —0.62 —1.48
B6 0.25 1.27 —-0.60 —1.42 —-0.77 0.54
Phase 3 B1 35.87* -10.47 3.43* —3.44 -2.29 -1.28
B2 -9.74 13.25% 3.54* -1.52 —14.06 —12.65
B3 -1.07 1.71 —-1.50 3.52% -3.61 —2.28
B4 -3.19 -24.10 —2.41 4.05* 30.38* 26.44*
BS -2.29 5.48* -3.37 -2.00 —0.90 -2.29
B6 —0.80 4.88* —2.29 —2.56 —2.30 —-1.29

Figure 3 shows that there were remarkably different behavior sequences in different phases. In phase 1,
the significant behavioral sequences included: B1—B1, B2—B2, B3—B3, B3—B4, B4—BS5, and B4—B6.
Meanwhile, phase 2 also had six significant behavioral sequences, just BS—B2 substituting B3—B4. In phase 3,
the significant behavioral sequences included: B1—B1,B1—B3, B2—B2,B2—B3, B3—B4, B4—B4, B4—-BS5,
B4—B6, B5—B2 and B6—B2. In addition, Bl ->B3, B2—B3, B6—B2 were three new emerging behavioral
paths. These sequences demonstrated the whole behavioral patterns in online collaborative reading activity.

First, let us turn to those uniform behavioral sequences in the three phases. The behavioral path B1—Bl
in the three phase indicates that students tended to preserve their behavioral transition when they shared or
compared information. This is because students usually added learning activities or uploaded resources after
creatinglearning cells. And the Z-score of behavioral path Bl —BI1 in three phase seems to be positively correlated
to the number of micro-courses created by students in each phase. The behavioral path B2—B2 in the three phases
indicates that students tended to maintain their behavioral transition when they discovered and explored the
dissonance or inconsistency. In order to understand peers’ micro-course, students needed to watch the micro-
videos again and again, and participated in learning activities. The Z-score of behavioral path B4—B5 in each
phase is relatively large, which demonstrates B4 and B5 have significant correlations with each other in the
collaborative reading process. But this result is inconsistent with the previous research findings (Hou, Chang, &
Sung, 2007; Hou & Wu, 2011; Yang et. al, 2015), which held the view that B4 and BS5 rarely occurred in the
overall cooperation process. During this online collaborative reading activity, however, students were prompted
to revise their micro-courses according to peers’ comments before reaching an agreed upon understanding of the
coreideaofthe article related to the micro-course. The behavioral path B4—B6 in each phase reveals that students
discussed some irrelevant topics with the current collaborative reading task after pointing out the problem or
rating. In addition, the Z-score of this behavioral path is very high in each phase, which indicates that the teacher
needed to give some guides to help students solve the problem rather than just let the students explore freely.

Next, we explain the disparate behavioral sequences in each phase as shown in Figure 2. In phase 1,
students always maintained their behavioral transition when they collaboratively edited the learning cell, adjusted
content or learning activity, and discussed with peer about article idea (B3—B3, Z-score=2.53). Meanwhile, the
behavioral path B3—B4(Z-score=2.08) suggests that students would often give a rating after they had completed
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Figure 3. Behavioral transition diagrams in different phases.
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micro-course learning or proposed questions. In phase 2, the behavioral path B3—B3 shows that students
maintained their collaborative editing of the learning cell, adjusting content or learning activity and discussing
ideas in the article with peers. Those behaviors could facilitate the advancement ofthe micro-course, and that may
explain why the quality of the micro-course inthe first two phases was better than the last phase. In addition,
students did not make reflections or state their point of view all the time, rather, they put forward new questions
or expressed confusion during their agreement statements (BS—B2, Z-score=2.00). Being a coauthor of peers’
micro-course means that the student would have the same authority as the micro-course creator, such as editing
learning content without checking, and cooperatively designing the learning activity and learning assessment. In
phase 3, students coauthored peers’ micro-courses and added learning activity and uploaded the resources by
themselves (B1—B3, Z-score=3.43). Moreover, students coauthored their peer’s micro-courses and provided
some solutions for problems when they learned in the micro-courses (B2—B3, Z-score=3.54). In addition, a
helpful behavioral path B6—B2 indicates that students did not do irrelevant things repeatedly, but returned to
learn in the micro-courses or declare their confusion. Moreover, students sustained their behavioral path B3—B4
appearing in phasel, and B5—B2 appearing in phase 2.

Next, Ucinet 6 (Borgatti, Everett, & Freeman, 2002) was used to conduct social network analysis by
analyzing the patterns of relationship among members in collaborative reading process. Figure 4 illustrates that
the social network of collaborative reading activity is a connected graph. The node represents the student, the line
represents the relationship between students, and the arrow direction represents the information flow. Cohesion
means that a network of individuals contains many ties and yields a tighter structure, which is usually identified
by density, reciprocity, and actor distance (Hu & Racherla, 2008). The density of this network is 0.92, which
implies that it is high-density network. Students almost kept in touch with every other student. The hybrid
reciprocity of the network is 0.83, which implies lots of reciprocal interactions generated among students. The
average distance of the network is 1.01, which implies that each student could almost directly contact with other
students. In short, the whole social relationship network was symmetric, and all the students maintained a
relatively frequent contact with each other, except the visiting scholar who only designed her own micro-courses
without learning from other students’ micro-courses. The reason for it may be she did not hold any pressure to
obtain the course credit. Hence, it required course teachers to take the consistency of participants into
consideration before implementation.

EQ 81.0 82.0

Figure 4. Social relationships network in online collaborative reading activity.

Conclusions and suggestions

In this study, we coded the logs and comment message contents, and conducted a sequential analysis of behaviors
and a social network analysis in an online collaborative reading activity. We found that 1) the behavioral
sequences of students’ knowledge construction presented different characteristics in three phases, though some
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behavioral paths, such as Bl —-B1, B2—B2,B4—B5, and B4—B6, appeared all the time; 2) the behavioral path
became more and more abundant with further deepened collaboration, such as the path B6—B2 emerging in the
third phase, which might be caused by students’ increasing interest and adeptness in this innovative collaborative
reading approach; 3) students maintained relatively frequent contact with each other, which might be due to peer
coaching instruction strategy. In addition, we also discovered that 1) contributions that students made to peers’
micro-courses were not symmetric, such as someone contributing a lot to peers’ micro-courses but receiving little
contribution from peers on his or her own micro-courses; 2) students would submit some irrelevant comments in
order to increase their course score. One reason for the irrelevant information may be that LCS could not make
semantic analysis of students’ comment content automatically at this moment which resulted in assessment
according to the quantity rather quality. A possible solution to these problems is that the course teacher designs a
better assessment scheme includingartificial assessment and word segmentation. Moreover, contributions to peers’
micro-courses and the quality of comments should be covered in artificial assessment.

In summary, this study explored interactive behavioral patterns and relationship patterns in an online
collaborative reading activity through an innovative approach. This innovative approach is very different from
previous studies: we used adult participants while previous studies used primary and secondary school students
(Chen & Chen, 2014; Goh, Chai, & Tsai, 2013; Lin et. al, 2014); each of our participants used different reading
material, rather than having participants use the same material (Chen et. al, 2010; Looi, Lin, & Liu, 2008); and
we employed a new learning platform(LCS) for knowledge building, rather than using wiki (Chang, 2009;
Kimmerle, Moskaliuk, & Cress, 2011) or knowledge forum (Hong, 2014; Hong, Chang, & Chai, 2014).
Furthermore, our findings are helpful to further study collaborative reading among EFL students in higher
education. For course teachers, they need to provide an effective incentive mechanism and assessment scheme,
take the students’ load of reading task and participants’ consistency into considerations, and allocate the materials
of the same theme to one person. Nevertheless, there exist some limitations to this study. Firstly, only thirteen
students participated in this study which ledto some analysis outcomes that are not statistically significant. Second,
the study lasted a long time and generated many behaviors, with the result that some behaviors were
inappropriately coded according to the categories defined in LCS. In the future, we will increase the number of
participants and set up a control group to investigate the actual effect of this innovative collaborative reading
approach on learning performance.
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Abstract: Script based support for collaborative learning may employ either explicit or
implicit scaffolding. If the effect of script based support is mainly by means of its effect on
collaborative processes, it would be reasonable to expect that if two forms of support
manipulate the same process variable, they would provide redundant rather than synergistic
effects when offered together. However, explicit forms of scaffolding may provide additional
benefits from the reification of the processes that they provide, which could be received as
instruction. This paper contributes to research on dynamic support for collaborative learning
by proposing a novel form of micro-level prompt designed to elevate the amount of
Transactive exchange. In a 2 X2 factorial design, we measure the impact of this explicit form
of scaffolding and an implicit form of support for Transactive exchange developed in prior
work, alone and in combination in terms of impact on two key outcomes, namely
collaborative product quality and acquisition of multi-perspective knowledge. In this study,
the pair of manipulations provide synergistic support for group product quality, but only the
explicit support contributes to acquisition of multi-perspective knowledge.

Introduction

Work related to both static and dynamic script based support for collaborative learning has leveraged the
theoretical construct of Transactivity (Teasley et al., 2008; Azmitia & Montgomery, 1993;De Lisi & Golbeck,
1999), often demonstrating a mediating or moderating effect on learning, especially conceptual learning of
difficult content (Azmitia & Montgomery, 1993; Schellens et al., 2007) and acquisition of argumentative
knowledge (Weinberger et al., 2010). In notable recent work, Wen (2016) provides evidence that Transactivity
in collaborative discussion can be increased through careful assignment of students to teams based on
observation of a past history of Transactive exchange earlier in the course. Building on Wen’s prior work, in
this paper we address the question of whether explicit scaffolding of collaborative processes provided during
collaboration offers an additional beneficial impact on outcomes above that achieved through implicit support.
The findings highlight the importance of explicitly reifying desired collaborative processes over elevating those
processes through an implicit mechanism such as a team formation protocol.

More specifically, this paper presents a study of dynamic support for collaborative learning at scale as
a contribution to the line of research aiming to import research from the CSCL community to the context of
Massive Open Online Courses (MOQOCs). Interest in collaborative learning in MOOCs has been present since
the earliest MOOCs, especially cMOOCs (Yeager et al., 2013). However, the reality remains that participation
in typical MOOCs is a solitary experience. The bulk of prior work related to analysis of collaborative or
discussion based learning in MOOCs has largely focused on information exchange in discussion forums (Wang
etal., 2015; Wang et al., 2016) or designed collaborative learning experiences that are very short activities, such
as collaborative reflection activities (Rosé & Ferschke, 2016). While there has been a desire to incorporate more
ambitious project-based learning in MOOCs (Ronaghi, 2014), limited success has been reported. Wen (2016)
offers hope that this problem can be overcome, by presenting evidence from a combination of controlled
experiments and MOOC deployments that demonstrate positive impact of a team formation approach that offers
project teams in MOOCs a more productive starting condition. Despite a successful MOOC deployment in
which all formed teams turned in a final project, inspection of group processes suggest that additional
improvements could be achieved through support of collaborative processes after team formation.

This paper contributes new insights related to dynamic support of at scale collaborative learning, with
the goal of providing an empirical foundation for a later high external validity MOOC deployment. The most
similar prior work to our own combines high internal validity controlled experimentation in a crowdsourcing
environment such as Amazon’s Mechanical Turk (Coetzee et al., 2015; Wen et al., 2016) with subsequent high
external validity deployments in at scale online learning environments such as online courses or team based
MOOC:s. In this paper, we present a controlled study that provides design recommendations for a subsequent
MOOC deployment that will offer dynamic support of collaborative processes during teamwork in that context.
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In the remainder of this paper we first offer an overview of related work leading into the specific
hypotheses underlying our study as well as its proposed contributions. Next we offer the details of the design
and preparation for our study. Next we offer an empirical analysis of the results of our study. Finally, we discuss
what we can conclude from the results and how they motivate the design of'a subsequent MOOC deployment.

Novel dynamic support prompts in relation to prior work

Collaborative work can be structured either at the macro level or the micro level. A frequent method for
structuring collaborative work at the macro level is the use of what is known as the Jigsaw paradigm (Aronson,
1978), to increase the interdependence between team members. In this paradigm, students are provided with
specialized expertise, and the task makes each piece of specialized knowledge that defines the Jigsaw to be
necessary in order to achieve a satisfactory collaborative product. The Jigsaw used in Wen et al. (2016)
consisted of four bodies of relevant knowledge for a task of constructing an integrated energy plan; each of the
four bodies of knowledge focused on the pros and cons associated with one form of energy. Another way to
introduce complementarity and interdependence is to assign students to roles that define their intended
contribution (Strijbos & Weinberger, 2010; Schellens et al., 2007), such as assignment of different task
responsibilities. In our work, we use the same task and Jigsaw paradigm used in Wen’s study.

Micro-level structuring focuses more on the collaborative processes themselves. Sometimes this
involves reification of desirable forms of contribution to the discussion, such as with scaffolds in a message
authoring buffer (Weinberger et al., 2005) or buttons on a structured graphical user interface (Baker & Lund,
1997). Both static and dynamic forms of script based support for collaboration have been evaluated in the prior
CSCL literature. A specific form of dynamic support that has been successful at increasing the intensity of
substantive exchange of and improvement of reasoning contributions was originally designed as an automated
form of what is referred to as Accountable Talk Classroom Facilitation (Michaels et al., 2002). A series of
earlier studies of conversational agents employing Accountable Talk Facilitation have been successful at
elevating collaborative processes and learning (Adamson et al., 2014). Results from this prior work demonstrate
that Accountable Talk based support for collaborative learning significantly increases conceptual learning.

Typically macro and micro level support are treated separately. However, in our work we employ
Accountable Talk prompts as micro-level support, but we tailor them to the Jigsaw role of each student. In
particular, when we direct a student to evaluate and respond to another student’s contribution, we ask them to do
so from the perspective of their assigned jigsaw role. Thus, in addition to supporting Transactive exchange, the
goal is for the Accountable Talk prompts to intensify the interdependence between students by emphasizing
their unique knowledge.

Theoretical foundation and hypotheses

A key theoretical construct that underlies our work is that of Transactivity, where our operationalization of
Transactivity is defined as the process of building on an idea expressed earlier in a conversation using a
reasoning statement. Research has shown that such knowledge integration processes provide opportunities for
cognitive conflict to be triggered within group interactions, which may eventually result in cognitive
restructuring and learning (De Lisi & Golbeck, 1999). While the value of this general class of processes in the
learning sciences has largely been argued from a cognitive perspective, these processes undoubtedly have a
social component. From the cognitive perspective, Transactivity has been shown to positively correlate with
students' increased learning, since transactive discussion provides opportunities for cognitive conflict to be
triggered (Azmitia & Montgomery, 1993;De Lisi & Golbeck, 1999). It has also been shown to result in
collaborative knowledge integration (Gweon, 2012), since optimal learning between students occurs when
students both respect their own ideas and those of others' (De Lisi & Golbeck, 1999). From the social
perspective, Transactivity demonstrates good social dynamics ina group (Teasley et al., 2008).

Wen (2016) showed that by using Transactivity in one context to index collaboration potential in
another context, we are able to significantly improve collaborative product quality. This raises the question of
whether we can also increase learning with the same implicit support used in that study. However, in the
learning sciences, there has often been a tension observed between emphasizing performance and emphasizing
learning. In project courses, for example, students tend to take up roles where they can use the knowledge they
already have in order to achieve a high quality product, which undercuts the learning that could take place.
Often, learning requires focus on skills that are just beyond a person’s ability level. Thus, engagement that
leads to learning may frequently appear less successful in terms of performance. We cannot assume that a
manipulation that supports a high quality product will necessarily support higher learning. In the case of the
manipulation of group composition used in Wen (2016), Transactivity played a central role, and as already
mentioned much prior work associates Transactivity with learning (Teasley et al., 2008; Azmitia &
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Montgomery, 1993;De Lisi & Golbeck, 1999). Thus, (1) we hypothesize that the composition manipulation
that implicitly supports Transactivity will increase learning. Conversely, prior work has demonstrated that
dynamic support that intensifies collaborative processes leads to increased learning. Thus, (2) we also
hypothesize that the dynamic support manipulation of accountable talk that uses an explicit means to
increase knowledge integration processes would increase quality of a collaborative product where quality is
relatedto knowledge integration.

As discussed above, in this study we introduce a novel form of adaptive prompting behavior that aligns
the prompts with the students’ roles in a Jigsaw task, aiming to elicit more discussion and reasoning related to
the unique information the student has. Because such adaptive prompts reinforce the perspectives held by
students, (3) we hypothesize that the dynamic support we provide that explicitly scaffolds collaborative
processes will lead to increased acquisition of multi-perspective knowledge.

Wen (2016) shows that group composition has a positive effect on group product through moderating
Transactivity in collaboration. Because dynamic support using Accountable Talk prompts also aims at
increasing Transactivity in collaboration, there’s a question of whether the implicit group composition
manipulation and the explicit dynamic support manipulation during the collaboration process would interact
synergistically or whether they would prove to be redundant forms of support. Prior work suggests that the
support for learning offered through scaffolding a structured reasoning process is synergistic rather than
redundant with the support received through intensive human interaction when conceptual knowledge is the
target of learning (Kumar et al., 2007). Furthermore, explicit scaffolding may be received differently than
implicit scaffolding, and thus lead to a different learning effect. (4) Thus, we hypothesize a synergistic effect on
group product quality if Accountable Talk prompts designed to explicitly scaffold a structured reasoning
process are combined with a manipulation designed to intensify collaboration in a more organic implicit way,
such as the composition manipulation.

Method

In order to test hypotheses 1-4, we conduct a 2 X2 factorial design where we independently manipulate the
presence of the implicit group composition manipulation and the explicit Accountable Talk manipulation. This
enables us to test the impact of the implicit support manipulation and the explicit support manipulation on group
product quality as well as testing whether the two manipulations have a synergistic or redundant effect. As a
key part of the paradigm for conducting this experiment, we use the same knowledge integration task used in
prior research related to the implicit support composition manipulation (Wen, 2016). In order to examine the
effects of both factors on individual learning and team product quality, we designed two outcome measures. 1)
Individual pre-test and post-test to measure individual learning gains, including both measures of conceptual
knowledge and multi-perspective knowledge. 2) A group proposal to measure team knowledge integration
quality. The overview of the theoretical model is shown in Fig.1. In the rest of section, we will describe the task
we used, the logic of the prompting behaviors in our agent, measurement of learning, participant recruitment
and a manipulation check.

Intervention Process Measures Outcomes
Learning
Concept
Group Adaptive Learning
composition support Ult-perspective
Transaclivity Chat length knowledge
Optimization g, With Support Transactivity learning

Reasoning

3 Without
Support

Figure 1. Overview of theoretical model for the study.

Group product

Task description

In order for collaborative learning to be successful, the preconditions for interdependence and substantive
exchange and integration should be established. We followed the Jigsaw paradigm and designed this Jigsaw
knowledge integration task. Because each student represents a different perspective and receives unique
information, it becomes critical for the students to transactively talk to each other and integrate their information
to complete the task, which was found to be a successful knowledge integration task (Wen, 2016).
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In the experiment, the student works through 6 steps, which take approximately 45 minutes. Step 1 is a
pre-test where students are asked to write an individual proposal on an open-ended task involving proposing an
energy plan for a city. In Step 2, students read an article. We designed the task to be a Jigsaw task, so that
different students read materials focusing on their one assigned energy type, including coal, wind, nuclear or
hydroelectric energy as types. In Step 3, students write one individual proposal based on what they have read

EEITS

from their own assigned perspective corresponding to the energy type, including “economical”, “environmental
friendliness and low startup cost”, “carbon neutrality and economy in the long run”, “environmental friendliness
and reliability”. The proposal will be posted to a discussion forum. In Step 4, students comment on each other’s
proposals. For students in the Transactivity grouping condition that provides implicit support for group
processes, they are then assigned to teams of four based on the group formation paradigm de veloped in Wen et
al. (2016) to maximize the observed pairwise Transactivity across all teams, which means team members are
assigned based on whom they’ve had the most Transactive exchanges with in the past, while also enforcing the
Jigsaw paradigm. For students in the random grouping condition, they’re randomly assigned to teams of four
based only on the Jigsaw constraint. In Step 5, students work in teams on a collaborative task using an interface
where they write their group proposals on the left, and they will at the same time chat in the chat window on the
right. The right window is where we provide the explicit scaffolded adaptive support to them as micro-scripting.
Both conditions receive macro-level task structuring in the chat. We will in detail discuss the prompts we
provide in the explicit support manipulation in the next section. In Step 6, students do a post-test, which is an
isomorphic task to the pre-test with minimal rewording.

Scaffolded adaptive scripting

In this section, we give a brief introduction to how the role-aligned adaptive scripting works. We inherited the
conversation agent architecture Bazaar from Kumar (2011) and use it to introduce new conversational agent
behaviors in this work. The system needs to understand two features from each contribution a student has typed
in. The first is whether the student is in support of a plan. We designed this to be key-word based, we keep a
dictionary of all possibilities we’ve found a student has used to refer to a certain plan, such as plan 1, plan A,
option A, etc. We also keep a dictionary of all possibilities we’ve found students using to show being against a
plan, such as, “totally against”, “don’t agree with”, etc. We use both rules to decide whether a student is in
support of a plan. The second is whether the student shows reasoning. We labeled contributions from our pilot
studies as reasoning or not and trained a machine learning model using a machine learning toolbench to assign
this label to contributions in our study. At the same time, the system also keeps track of which student has
talked least, and which plans have been brought up or fully discussed (i.e., discussed with reasoning).

When the student doesn’t show reasoning towards a certain plan, there are two possible prompting
behaviors from the agent:

1) Ask the student to elaborate on the plan from his perspective, where there are three templates for this.
One example is “Hey xx, can you elaborate on the reason you chose plan # from your perspective of most
economical?”

2) Ask the student to compare the plan with another plan that hasn’t been fully discussed. For example,
“Hey xx, you have proposed plan #, and xx has proposed plan #. What do you think are the pros and cons of the
two plans from your perspective of #7”

When the person does show reasoning towards a certain plan, there are two possible prompting
behaviors from the agent as well:

1) Ask someone else who has proposed a different plan that hasn’t been fully discussed to compare the
two plans. “Hey xx, you have proposed plan #, and xx has proposed plan #. Can you compare the two plans
from your perspective of #?”

2) Ask someone else to evaluate this plan, for example: “Hey xx, can you evaluate xx’s plan from your
perspective of #7”

When there’s nobody talking for 3 minutes, the agent will pick the person who has talked the least and
prompt: “Hey xx, which plan do you prefer from your perspective of xx?”

We went through an iterative design process to keep the amount of support at a reasonable level, and
avoid over-scripting. We added additional rules, including 1) One person will not be prompted twice. 2) If a
plan has already been fully discussed, it will not be prompted again. 3) The elaboration prompts will wait after
having been triggered before being inserted into the conversation. In particular, the agent will only prompt if the
student doesn’t talk in the next 10 seconds. After adding the constraints, there will be no more than 3 prompts in
the 15-minute collaborative task. For most groups, there are 1 or 2 prompts.

In addition to the micro-level adaptive prompts that are only used in the explicit support condition, we
also provide a starter prompt and a finishing-up prompt as macro-level support in all conditions.
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Measurement of learning and group product

To measure individual learning gains, we administered a pair of identical pre-test and post-test activities. In both
cases, it is an open-ended question that asks the student to write an 80-120-word energy proposal for a city
based on some basic information we provided about the city. We developed a coding manual to grade the open-
ended proposal. Students can learn about energy from all steps in the task, including reading the article, and
commenting in the discussion forum. There are two ways students can improve in their ability to articulate a
plan from their experience in the collaborative task. In particular, they may learn new pros and cons about an
individual energy source, which we consider conceptual knowledge. Or they may acquire new tradeoffs between
energy sources, each related to a specific perspective, for example, coal is economical, but hydroelectric support
is less so, and nuclear is even less so. We thus introduce two constructs to measure individual learning. 1)
concept learning and 2) multi-perspective knowledge learning respectively.

Concept learning refers to learning of correct concept points, such as “coal is very cheap and
economical” or “wind is a renewable energy source”. We counted incorrect knowledge points and removed
these from the total. Multi-perspective knowledge learning refers to learning of comparisons between different
energy types and tradeoffs of one energy type from different perspectives. For example, “nuclear is very reliable
for hospitals, whereas wind is very unreliable.” or “Although wind is very environmentally friendly, it can be
harmful for bird habitats.” We also took off incorrect comparison/tradeoff points from the total.

To measure group product quality, we graded the team proposals using the same rubric. The inter-rater
reliability between two independent coders on a sample of the dataset is Kappa = 0.74. The two coders split up
and then coded the remaining pre/post tests and group proposals without knowing which condition they came
from. In addition to these outcome measures, we also introduced process measures to measure the quality of the
collaboration process. More specifically, we assessed each team’s chat logs, using metrics including 1) number
of contributions, 2) number of words, 3) number of reasoning contributions, 4) number of transactive
contributions, 5) number of reasoning contributions that are aligned with each member’s assigned role. As
mentioned in the scaffolded adaptive scripting section, we trained a machine learning model to automatically
predict whether a contribution contains reasoning. We used the same model to compute the number of reasoning
contributions in each team’s chat log. Among these labeled logs, we labeled contributions as transactive or not
manually. In addition to general reasoning and transactivity, we also looked into how effective our intervention
is in eliciting role-aligned reasoning. For example, a student represents coal energy, and he is supposed to argue
from the perspective of which energy types are economical; if the student’s contribution either reasons about
coal energy, or reasons about other energy types from an economical perspective in a contribution, it is
considered as role-aligned reasoning.

Participant assignment and manipulation check

We ran the study on Amazon Mechanical Turk from June to August in 2016. We ran the experiment in batches,
with each batch associated with one or the other condition of the implicit group composition manipulation. Thus,
each batch is assigned either to the Transactivity maximization condition or the control condition, so that all
students within a batch are assigned to a team using the same process. In the rest of the paper, we refer to this
manipulation as the Transactivity factor. Within each batch, teams are randomly assigned to an explicit support
condition, i.e., either having adaptive scaffolding from Bazaar as micro-scripting in the experimental condition,
or no explicit micro-level support in the control condition. In the rest of the paper, we refer to this manipulation
as the Bazaar factor. We ran 14 batches in total. Because 3 batches did not end up including at least 16 students,
we removed them from our dataset. This is to guarantee that at least two teams are generated in each four of the
conditions in each batch. Among the 11 batches, we have 4 batches of random grouping and 7 batches of
transactivity grouping. They generated 63 teams total, the distribution among conditions is displayed in Table 1.

Table 1. Number of teams in each condition

Group composition: Random | Group composition: Transactivity
Adaptive support: Without Bazaar | 14 18
Adaptive support: With Bazaar 13 18

We first did a manipulation check to make sure our grouping assignment manipulation successfully
assigned students to groups such that they had a higher history of prior transactive exchange than expected by
chance based on the distribution of transactive exchanges in the whole batch. We used one-way ANOVA to
compare the average transactivity score during deliberation discussion within groups between those in control
condition and those in Transactivity maximization condition and found a significant difference (F(1, 61) =8.19,
p=0.006), with random assigned groups having a lower transactivity score (M = 8.56, SD = 5.87) compared to
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Transactivity maximization groups (M = 13.28, SD = 6.91). The effect size value computed by Cohen’s D is
0.73, suggesting a moderate to high practical significance. We then checked to make sure the random
assignment of students across the four conditions was successful in terms of ability to contribute to the task. As
a proxy, we evaluated the length of the individual proposal each student wrote prior to the deliberation phase
and did not find any systematic difference between conditions. (F(3,59)=1.25,p=0.3)

Results

The results in correspondence to the hypotheses are summarized in Table 2. As a summary of our results, our
finding is that, consistent with prior results of accountable talk prompts on conceptual learning, the explicit
support intervention increases acquisition of multi-perspective knowledge (as measured by trade-offs). It does
not impact collaborative product quality. Conversely, consistent with earlier studies of the implicit group
composition manipulation, we observe here an impact on collaborative product quality, but not learning.
However, an observed interaction effect reveals that the biggest impact on the collaborative product is achieved
when both explicit and implicit interventions are combined.

Table 2. Hypotheses testing and results

Hypothesis Support or not?
(1) The composition manipulation will increase learning, and a key process variable will | Not supported
be transactivity
(2) The dynamic support manipulation of accountable talk will increase collaborative Partly supported
product quality.
(3) The dynamic support we provide that scaffolds collaborative processes aligned with Supported
students’ perspectives will lead to increased acquisition of multi-perspective knowledge
(4) There is a synergistic effect on group product if accountable talk designed to scaffold | Supported
a structured reasoning process is combined with a manipulation designed to intensify
collaboration in a more organic way, such as the composition manipulation.

In response to Hypothesis (3), we built an ANCOVA model, using comparison/tradeoff points in post-
test as the dependent variable, Transactivity grouping and Bazaar as main effects, and comparison/tradeoft
points in the pre-test as a covariate, while also including group ID as a random intercept, to control for the fact
that students in the same group may be correlated. We found Bazaar has a significant effect on the learning of
multi-perspective knowledge, as represented by comparison/tradeoff points (F(1, 230) = 5.135, p = 0.024),
which is consistent with our Hypothesis (3). The effect size value computed by Cohen’s d is 0.30, suggesting a
moderate practical significance. In response to Hypotheses (1), we didn’t find an effect of Transactivity
grouping on either concept learning or multi-perspective knowledge learning. Thus hypothesis (1) is not
supported. And there was not an interaction effect between Transactivity and Bazaar onindividual learning.

In response to Hypotheses (2) and (4), we evaluated the two factors on the score of group proposals.
We first built an ANCOVA model using group proposal score as the dependent variable, Transactivity
grouping, Bazaar, and the interaction term as independent variables, as well as the total length of individual
proposal of each group as a covariate. We found an interaction effect between the two factors (F(1, 62) = 5.240,
p = 0.026). We then recoded the two main factors Transactivity and Bazaar into one variable indicating 4
conditions. As a planned contrast analysis we compared the group proposal scores across the four conditions.
Based on Dunnett t-test, the average score of the condition where both explicit and implicit support were present
is significantly higher than the other three conditions (with p = 0.015,0.043 and 0.001 respectively). The other
three conditions were not different from one another. This partially supports our Hypothesis (2) that Bazaar is
helpful for group product when transactivity is also present. And this confirms our Hypothesis (4) that there is a
synergistic effect between the scaffolded adaptive support and the team’s composition on group product quality.

In terms of impact on process variables, our finding is that both manipulations influence collaborative
processes, but in different ways. In chat logs, Bazaar groups have a marginally higher percentage of reasoning
compared to control condition groups. (F(1, 61) = 3213, p=0.078) In addition to general reasoning, we also
looked at whether our intervention leads to more role-aligned reasoning, which is a direct result of the
intervention. We found for Bazaar groups, students displayed marginally significantly more reasoning behavior
consistent with students’ assigned Jigsaw roles. (F(1, 61) = 0.09, p = 0.098) The effect is more salient for
students in the random grouping condition. (F (1, 25) = 449, p = 0.044) We don’t see a difference on other
process measures between the experimental and control conditions. We see that Bazaar increases the
concentration in chat, and also increases students’ explanation aligned with their perspectives and roles. We also
tested whether these process measures had a mediating or moderating effect on outcome measures. Among the
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process measures, we only see the percentage of role-aligned reasoning has a moderating effect on both group
product and multi-perspective knowledge learning.

Discussion

From the above analysis, we found that the explicit adaptive support we provide in the chat is helpful for
students’ multi-perspective knowledge learning. But the group composition manipulation, which offers implicit
support, increases transactivity in the chat, but doesn’t show an effect on individual learning. On the other hand,
the group composition manipulation has a significant positive effect on group product quality. Thus, in
connection with group product quality, we see both manipulations having a synergistic effect. Based on these
results, the recommended intervention would depend upon whether acquisition of multi-perspective knowledge
or collaborative product quality is the primary target. If multi-perspective knowledge learning is the target,
explicit support such as scaffolded accountable talk prompts should be emphasized, which reifies the value of
including an integration of perspectives in the discussion. Both manipulations should be used together as they
have been observed to work well in tandem for achieving impact on the collaborative product quality.

From the analysis of process measures, we found that the explicit support for transactive exchange
encourages students to focus their most sophisticated articulation of domain reasoning in the chat rather than in
the collaborative product. The responses to the Bazaar prompts increased the effort required on average per
contribution (in particular when students were responding directly to the prompts), which dampened the
tendency of the group composition manipulation to increase amount of discussion and integration in the
collaborative product. Thus, while the Bazaar prompts improved discussion processes and learning, we do not
see this value reflected in the collaborative product quality. On the other hand, it is important to consider that in
this task, where effort cannot be simultaneously expended towards the discussion process and the product
producing process, a manipulation that intensifies the discussion process may draw attention away from the
product producing process. This is true when collaborative discussion and work on collaborative products
occurs simultaneously. That is a difference between our setup and many phased collaboration setups in earlier
studies. Nevertheless, it reflects the reality of many collaborative setups both in learning contexts and in the
workplace. It is possible that if we required a more strict phasing structure, so that discussion occurred strictly
before the collaborative work, we could employ both manipulations without any interference or dampening on
the learning effect. We leave this for future studies.

Conclusion

In this paper we reported on an experiment to contrast the effect of implicit support through manipulation of
group composition and explicit support through providing scaffolded accountable talk prompts during
collaboration. This high internal validity investigation motivates subsequent work where we will implement
both interventions in future team-based MOOCs, as done with the same study paradigm in earlier work (Wen,
2016). In addition to practical implication for team-based learning in MOOC:s, the theoretical contributions of
this study are five fold: First, we investigated a novel form of accountable talk prompt that focuses on
transactivity from a specific knowledge-based specialization, which was found to be helpful for multi-
perspective learning and shows promise to be provided in future project-based courses to reinforce the roles and
perspectives of team members. Second, we investigated explicit dynamic collaboration support in the form of
accountable talk prompts in connection with a new form of learning (i.e., including multi-perspective
knowledge as a learning measure rather than conceptual knowledge alone, which was the target in earlier studies
of Accountable Talk prompting). Third, we investigated the generality of the impact of dynamic support in the
form of accountable talk prompts to collaborative product quality and found that although the dynamic support
is helpful for learning, it wasn’t observed to improve collaborative product quality when provided alone. Fourth,
we investigated whether the effect of the group composition manipulation demonstrated to be effective for
improving collaborative product generalizes to learning. We found although group composition was effective in
encouraging team members to chat transactively, it wasn’t helpful for either of our learning measures. Finally,
we investigated the extent to which the respective effects of the group composition and explicit micro-level
scaffolding manipulations, which are assumed to be similar in that they are both grounded in the concept of
transactivity, are synergistic or redundant. Consistent with our hypothesis, we found both them to be synergistic.
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Abstract: This paper describes how we have used a new transcription system we call
Mondrian Transcripts to study visitor engagement and expand professional vision (Goodwin,
1994) in a museum. Methods, concepts and findings from this paper contribute to research
concerning interest driven learning (Azevedo, 2013; Ito et al., 2009, Crowley & Jacobs,
2002), how people “make places” for learning while moving through different types of
physical or information environments (Taylor & Hall, 2013; Ma & Munter, 2014; Marin,
2013; Lave et al., 1984) and the design of learning environments that can advance
professional design practice. Empirical data include 1) 22 case studies of complete museum
visits that captured continuous, multi-perspective video and audio records of visitor mobility
and interaction and 2) audio, video and survey based data from a professional development
and design session with museum educators, exhibit designers, curators and archivists.

Introduction and organization of paper

The setting and empirical basis of this research is a two year ethnographic study to understand how visitors
cultivate interestsinand learn about the diverse historical and cultural heritage of American Roots and Country
music while visiting a nationally renowned museum located in the mid-South region of the United States. As
part of this work, we collected a purposive sample of complete museum visits across 22 visitor group cases
including 11 family groups (2-5 visitors per group) over a period of six weeks (twenty-four days of data
collection). These 22 case studies captured continuous, multi-perspective video and audio records of visitor
group mobility and interaction through small GoPro cameras worn by visitors with no researchers present. In
addition, following their visit we conducted 1-2 hour post visit interviews with all visitor groups and we
connected with visitors on various social media platforms in order to follow online the content that visitors
collected and shared from their visit. Table 1 summarizes this work.

Table 1: Overview

Overview of 22 Visitor Groups & Followed Social Media Posts

The table reads from left to right with each row corresponding to one of 22 groups of museum visitors, For example,
Group 1 from Pittsburgh, PA completed their visit together in 1:40. Of the 3 people in the group, 2 shared single posts to
the followed social media platforms of instagram and facebook. Together, these posts received 16 likes & comments.

Hometown Visit Length  People People w/ Post  Type of Post Likes & Comments
* family group fhr: min} * musician O 40-60yrs old ® 0 single post/platform

® 20-30yrs old x*  #of photographs

= 10-20yrs old

0O album/collage
{1 multiple visitors

1 Pittsburgh, PA 1:40 (11 ] (1] %1 K 16
Fresno, CA 1:00 oe ® golol 101
Staten Island, NY 47 (1

1:04 -

1:08 o
South Korea 52 ]

56 . . [+ L]

TX* 3:43 seee . o 7
Nova Scotia &Ml 1:37 e [ ] TEET 169
Cordele, GA 1:34 (11}
Holland, MI 1:09 [111] . nEn® 5

) Staten Island, NY 44 (1] (1] %} (¥} 58
lowa City, |A 1:46 (11}
5t Mary's, PA® 109 esee . n 4
Owings, MD * 1:16 eeee eee (FEETETT (T AT 103

13 London, UK * 1:07 esee
Atlanta, GA 1:39 L]

212 L]

15 GA & England 1:05 seee
Hazlet, NJ * 1:25 e

17 Washington, D.C. 58 (1] (1] i 58
Big Sur, CA* 49 (11113 .9 I (FET OO0 55

19 Sunrise, FL * 1:56 L1 2]

Milwaukee, W * 1:08 [1XI1] o] n' 5

21 Port Charlotte, FL* 1:04 sese 0 4+ Bl i 98

Chicago, IL * 38 L
1:33 oo o ) 8
Range: 38 to 3:43 205 1io3 0 to 13 Online Postings 4 to 169
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The first part of this paper introduces Mondrian Transcripts as a transcription system to: 1) visually
transcribe museum visitor’s physical movement and conversation over space and through time and 2) study how
visitors engage in museum gallery spaces. This work draws from and extends Interaction Analysis (Jordan &
Henderson, 1995) and Time Geography (Hagerstrand, 1970) and reflects our recent efforts to describe and use
what we call “Interaction Geography” in studies of learning (Shapiro & Hall, 2017; Shapiro, 2017). The second
part of this paper describes how we have used a dynamic visualization environment that allows for multi-modal
analysis of Mondrian Transcripts, which we call the Interaction Geography Slicer (IGS) (Shapiro & Hall, 2017,
Shapiro, 2017), to support a professional development and design session with museum professionals at this
museum. This session aimed to demonstrate new ways to conceptualize and design for visitor engagement and
learning. This work is part of a larger design study (Cobb, Confrey, diSessa, Lehrer & Schauble, 2003) that aims
to advance museum professional’s learning about how design practice can create opportunities for interest-
driven learning in and beyond their gallery spaces (Azevedo, 2013;Ito et al., 2009, Crowley & Jacobs, 2002).

Mondrian Transcripts and visitor engagement

Figure 1 below displays a museum gallery space and maps the physical movement within that space of two (of
five) members of a family we call the “Bluegrass Family” (not pictured in the image). On the left in “floor plan
display”, movement is shown over a floor plan of the gallery space (e.g. as if you were looking “down” onto the
space). On the right in “timeline display”, movement unfolds continuously over a timeline. On the timeline
display, vertical position corresponds to vertical position on the floor plan. In addition, line pattern corresponds
to horizontal position on the floor plan. Adhir (orange) is 25 years old and Blake (blue) is a 6-year old boy.

Adhir 25 Blake 6 years old

Adhir stands at Hank Williams exhibit
while Blake runs back & forth trying to
lead him on a "tour” of ather exhibits

Blake's tour

aaaaaaaa

£ Ben Rydial Shapire. Reprinted by Permission

Figure 1. A museum gallery space & Adhir and Blake’s mobility over space and space-time.
Source: Copyright © by Ben Rydal Shapiro. Reprinted by permission.
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The plan display shows where Blake and Adhir go within the gallery space, while the timeline display
shows how they interact with exhibits and one another in space and over time. For example, using the timeline
display, one can see that during the first five minutes Blake is moving quickly (apparently running) back and
forth across the gallery space in what appears to be multiple, frantic attempts to draw Adhir away from an
exhibit dedicated to Hank Williams where he remains standing (straight orange path in space-time from roughly
0-5 minutes). After four failed attempts, Blake finally appears to succeed in leading Adhir on what we describe
as a “tour” of other exhibits in the gallery, indicated by their intertwined paths from approximately minutes 5-6.

Figure 2 below maps the physical movement of two other members of the Bluegrass Family, Blake’s
brother Jeans (green) and their sister Lily (yellow). The timeline display illustrates how Jeans and Lily move
through the gallery space nearly always together (apart only during minutes 4-5).

Lily 20 Jeans 1d

- —

.............

Figure 2. Jean’s & Lily’s mobility over space and space-time.
Source: Copyright © by Ben Rydal Shapiro. Reprinted by permission.

Together, Figures 1 and 2 show how pairs within the Bluegrass Family move and engage with exhibits
and one another in starkly different ways. While Blake produces a “recruitment” mobility pattern in response to
Adhir’s persistent pattern of “reverence” (e.g., he later explains his attachment to the troubles in Hank’s life),
Jeans and Lily produce an intertwined path that is similar to the “tour” mobility pattern later achieved between
Blake and Adhir. On closer examination, all four young people and their paths are entangled in ways that allow:
1) Lily to soothe the emotions of Adhir (her fiancé), 2) Jeans to lead Blake away from the Hank Williams
exhibit to give them privacy, and 3) Lily and Jeans (with help from Mom) to help Blake to succeed in
“recruiting” Adhir to followa tour. Blake’s dramatic (blue) path is produced in relation to other members of the
family, who eventually help him take Adhir on a tour of other musicians.

Figures 1 and 2 also demonstrate how the visible qualities (e.g., pace, duration, shape, distance) and
relationships (e.g., intersections, weaving, splitting, proximity) among movement paths in Mondrian Transcripts
support and deepen different analytical framings of engagement. For example, they provide a means to study
how people engage by managing personal and social distance between family members (Hall, 1966). However,
Mondrian Transcripts also demonstrate that these distances are not only interactional phenomena as traditionally
conceived but are also related to the spatial layout of the gallery space. For example, Blake and Adhir’s
respective mobility patterns of recruitment and reverence are partly a response to the spatial location of the
Hank Williams exhibit in relation to other artists in the gallery and how this sequence can be experienced as a
path over time.

Figure 3 below extends the design of Mondrian Transcripts in a variety of ways. First, it maps the
simultaneous physical movement of all five members of the Bluegrass Family (now including the mother in
purple). Second, it similarly maps the Bluegrass Family’s conversation. To do this, talk is transcribed using
standard conventions of conversation analysis, colored by speaker, and organized in relation to physical
movement through space and over time. Conversation “boxes” group topically related talk. Thicker boxes on the
floor plan show repeated conversations in the same area of space.
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Figure 3. Mondrian Transcript of the Bluegrass Family’s Interaction Geography.
Source: Copyright © by Ben Rydal Shapiro. Reprinted by permission.

Figure 3 shows how the design of Mondrian Transcripts supports and deepens an understanding of
engagement as both a response to the built environment and produced in interaction and mobility (Cleveland &
Fisher,2014). The Bluegrass Family’s mobility shows how the family manages personal and social distance and
likewise produces patterns of mobility that can be studied as a “meshwork™ or as a form of “learning on the
move” (Ingold, 2007; Taylor, 2013; Taylor & Hall, 2013). For example, the mother’s mobility (named Mae)
appears to “lag” behind other members of the family in a manner that could indicate she is overseeing and
managing her family. Lagging patterns in space-time are common and in this case, indicate the need for closer
analysis of Mae’s mobility. In this example, closer analysis reveals how Mae often joins her family to make
connections across exhibits for her children, thus helping to manage their engagement and learning.
Additionally, the family’s mobility and conversation illustrates how this family is intimately connected to one
another as well as a particular semi-circular set of exhibits within the gallery space. Put another way, the
family’s mobility and conversation patterns show how the family selectively creates a “personally edited” (Lave
etal., 1984;Ma & Munter, 2014) version of the gallery space that extends or elaborates the meaning of exhibits
in ways relevant to the personal and social history of the Bluegrass Family.

Figure 3 also illustrates the embodied work of museum visitor groups that we call “engagement
contours” (ECs). Engagement contours are comprised of topically bounded sequences of movement and talk
that often repeat and accumulate over space and through time in relation to the physical environment and other
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people. Engagement contours have a spatial and temporal footprint and are connected in ways that further the
concept of “personal editing” as previously described. In Mondrian Transcripts, each visual box in the timeline
display that bounds a set of intersecting movement paths and conversation indicates an engagement contour.
Within engagement contours members of the Bluegrass Family arrange themselves in different types of
interactional formations, similar to what (Kendon, 1990) calls “facing formations” and what (Marin, 2013) calls
“ambulatory sequences”. One result of this, as shown in Figure 3, is that repeated engagement contours in the
same area of space accumulate to produce dense conversation “boxes” or “textures” on the floor plan. Another
result is that things like “Blake’s tour” become visible as forms of “place making” or “inhabitation” that are
spatially and sequentially experienced in relation to the physical environment and other people. Thus, the
concept of engagement contours furthers Marin’s innovative efforts to begin to put Kendon’s concept of a
“facing formation” (e.g. how people spatially organize their bodies in interaction) into motion in studies of
learning on the move (Taylor, 2013; Taylor & Hall, 2013). Moreover, it specifically theorizes engagement as
both 1) a response to the built environment at different grain sizes (e.g. ECs can be studied at one exhibit or at
the scale of a gallery space) and 2) produced through people’s interaction and mobility. Research rarely
considers both of these aspects of engagement simultaneously primarily due to methodological limitations.

Figure 4 below is a set of “small multiples” from the Interaction Geography Slicer (IGS) and further
illustrates the kinds of comparative analysis that can be explored using Mondrian Transcripts. The figure
compares the movement of four different families/groups in three different types of gallery spaces within the
museum. Columns distinguish different families while rows distinguish different museum gallery spaces. All
displayed information is set to the same spatial and temporal scales. The Taylor Swift Family did not visit the
Hall of Fame Rotunda Gallery thus we substituted an image of the entire museum and superimposed the
movement of all families in each gallery space.

VISITOR INTERACTION GEOGRAPHY Worement | Conversaton  Personal Curation
Iimerace

son Geography Slicer (1654 © lten Rydsd Shapirg

810 Mac™= Bizke Bachel = Blan = Anm** My, Amely ™ Rt Allisin * Dave

/

([,

Figure 4. Small multiples of family mobility from Interaction Geography Slicer (IGS).
Source: Copyright © by Ben Rydal Shapiro. Reprinted by permission.

Figure 4 illustrates broader use of Mondrian Transcripts in a variety of ways. First, it highlights
similarities and differences in how engagement can be a response to the built environment. For example, for all
groups the “Folk Roots Gallery” (a narrow, linear space) conditions particular linear ways of moving indicated
by similarly sloped lines in space-time that rarely lead to repeated engagements. In contrast, the “Bluegrass
Gallery” and “Hall of Fame Rotunda Gallery” (both open plan spaces with different supports for sequential
engagement) promote a wide variety of movement patterns (in both space and space-time) and a great number
of repeated engagements in some visitor groups.
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Second, Figure 4 helps to further show how people and groups “personally edit” gallery spaces (Lave
et al., 1984; Ma & Munter, 2014). For example, for those who know these gallery spaces (e.g., museum
curators), it is immediately apparent that the Bluegrass Family primarily visits and spends time at exhibits that
reflect content from Bluegrass and early Country Music, whereas the Women in Music Family engages with
exhibits featuring female artists. Mondrian Transcripts provide a new means to conceptualize and visualize
personal editing as processes of selecting and “making places” within the museum for group exchange and in
ways that are driven by the personal and social history of individuals and groups.

Third, Figure 4 further illustrates how Mondrian Transcripts aim to meet provocations to develop a
“graphic anthropology” to study meshworks of mobility (Ingold, 2007). In particular, Figure 4 shows how
Mondrian Transcripts make processes by which visitor groups come together and split apart (e.g. meshworking)
visible as a form of space-time mobility and how these can vary across visitor groups and gallery spaces.
Mondrian Transcripts cannot tell us what goes on inside these meshworks, but they do draw our attention to
moments and places of potential importance where, in this work, multi-party engagement with museum exhibits
and their content rises and falls over space and through time.

Lastly, Figure 4 begins to demonstrate a developing space-time vocabulary of what we call “interaction
geography” (Shapiro & Hall, 2017) that draws from both established “constraints” paradigms and emerging
“new mobilities” paradigms in human geography (Hagerstrand, 1970; Sheller & Urry, 2006; Cresswell, 2010).
For example, the Bluegrass and Women in Country Music Families illustrate significant variation in family
“path braiding” (e.g., the pace and spatial density of engagement contours). In comparison, the Business
Partner’s movement within the Hall of Fame Rotunda Gallery shows a lagged pattern of “path following”, in
which Cindy follows Andy’s movement closely, but almost always trails about one minute behind. Likewise,
across visitor groups, sharp “cuts” in space-time typically indicate young children who are running between
family formations or trying to draw adults to other parts of the museum.

Using Mondrian Transcripts to extend professional vision

We now shift our focus to describing how we used a dynamic visualization environment that allows for multi-
modal analysis of Mondrian Transcripts, which we call the Interaction Geography Slicer (IGS) (Shapiro & Hall,
2017), during a professional development and design session with museum professionals at this museum.

Two starting points informed our design. First, visitor learning is not the primary focus of this
museum’s design departments (e.g., they primarily design exhibits, marketing campaigns, and social media
presence). For example, museum educators see their mission as “fitting” learning programs to museum content
and exhibits after these have been designed/built. Second, as in any museum organization (Schauble et al.,
1997), departments within the museum possess what we describe as an idealized view or model of their visitors.
For example, there is a prevalent view across all departments that museum exhibits are a fixed curriculum that
visitors succeed or fail to understand as opposed to a view of visitor engagement and interaction as an “enacted
curriculum”, where learning is in the hands of visitors (Crowley & Jacobs, 2002; Louw & Crowley, 2013).

Our design goals were thus: 1) to provide methods and concepts to bring a more expansive view of
learning to museum professionals and 2) to challenge with empirical cases the “idealized” view of gallery
spaces and museum visitors described above. Our long-term goal, shared with our partners at the museum, is to
identify opportunities for designing more equitable, expansive and productive learning in museum gallery
spaces. Bringing learning sciences and museum design together is a promising but challenging design space.

In a half day workshop with 15 museum professionals, we used Mondrian Transcripts within the
Interaction Geography Slicer (IGS) to help create an environment for joint exploration and discussion of what 4
different visitor families/groups were doing in 3 different gallery spaces (e.g., the visitor groups shown in Figure
4). The IGS allowed museum professionals to use Mondrian Transcripts as a means to study in highly
interactive ways visitor’s movement, conversation and what we call ‘“personal curation” (e.g. people’s use of
personal information devices to capture, edit and share exhibit content during their visit). Moreover, the IGS
also synced transcript and audio and video data from multiple-perspectives (e.g. from cameras worn by each
visitor within a group) to each visitor’s movement, conversation and personal curation as visualized in
Mondrian Transcripts. Thus, museum professionals could study a visitor group’s mobility, switch seamlessly to
study their conversation and personal curation, isolate particular members of that visitor group, isolate particular
regions of space and sequences of time during their visit, read transcript (e.g. what people were saying) and
listen/watch audio and video from the perspective of each family member. Figure 5 below provides a snapshot
from the session of museum professionals using the IGS to study the Bluegrass Family as previously described.
The bottom right image in the figure displays video (from a camera worn by Lily) selected by a museum curator
at a point in space and time when the family is gathered together at an exhibit dedicated to Maybelle Carter.
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Figure 5. Museum Professionals using the Interaction Geography Slicer (IGS) to study the Bluegrass Family.
Source: Copyright © by Ben Rydal Shapiro. Reprinted by permission.

One of the more powerful sequences during the workshop was one that triggered a dramatic shift in
professional vision (Goodwin, 1994) among lead designers and educators regarding the movement and
experiences of Blake from the Bluegrass Family. When museum professionals first saw Blake’s highly mobile
paths, as previously described, few believed that he could possibly be learning. Some expressed concern that his
seemingly erratic mobility might even be undermining the intended design of exhibits by distracting other
members of his family during their museum visit. However, the workshop provided numerous opportunities for
museum professionals to unpack Blake’s (and other young children’s) mobility patterns as a form of learning on
the move. For example, in addition to confronting Blake’s “tour”, museum professionals studied how in one
gallery space Blake, after failing to get an adequate answer to a question he asked from Adhir, ran to another
gallery space across the museum to find and get an adequate answer from his brother Jeans only to run back
across the museum once again to deliver his “found” answer to Adhir in the original gallery space. By the end of
the workshop, museum professionals were studying and asking questions about Blake’s (and other young
children’s) mobility that demonstrated an understanding that young children’s seemingly erratic patterns of
mobility could be quite intentional efforts to engage and learn and were also opportunities for learning design.
There were even jokes about hiring Blake as a museum ambassador for bluegrass music.

While there is not space to present further empirical material in this paper, we believe that exploring
Mondrian Transcripts with the Interaction Geography Slicer (IGS) allowed museum professionals to see their
visitors in new ways and to challenge idealized models of museum visitors as relatively passive consumers of
intended design in ways that were previously impossible. Likewise, this work supported conversations between
museum professionals that rarely occur. As one museum educator described in the post-survey, ‘I recall the
productive cross-department conversation about visitor behavior, engagement, learning. We seldom (never?)
have the opportunity to discuss visitor experience in the gallery—with our content—across departments. I also
enjoyed and benefited from the visitor conversations in relation to specific space and artifacts—good to "see"
the exhibit through their eyes and mind rather than assume their view, takeaways, paths, etc.”.
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Conclusion and next steps

Current and future work continues to develop and address inherent limitations in this early work in order to a)
advance Mondrian Transcripts (theoretically and computationally) for use by others working in a variety of
settings and at different scales (e.g., schools, neighborhoods, cities) and b) use Mondrian Transcripts to support
professional development and new design practices. While illustrated with data from a museum, these methods
and concepts are quite general purpose and may provide new possibilities for research and learning designs that
consider space, learning and mobility.
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Abstract: Peer critique activities in design projects give students the opportunity to share
ideas, receive feedback, and revise their work. Critique can increase student feelings of
ownership of science ideas and help students to distinguish between different ideas they may
have about how things work. In this paper, we examine how students use their own ideas and
ideas from a partner group to revise and improve a physical solar oven they have built using
guidance from an online curriculum. We find that students fall into two groups: distinguishing
ideas and adding new ideas. Within distinguishing ideas, students can further separated by
whether or not they kept only their own ideas or also added the ideas from their partner group.
We look at case studies to determine how these groups changed their ideas before, during, and
after the critique activity.

Keywords: science, engineering, peer critique, technology, knowledge integration

Introduction

Design projects allow students to use science concepts to solve meaningful problems in topics such as energy
efficiency. In addition to improving understanding of disciplinary concepts, middle school design activities
engage students in the NGSS practices of engineering design (NGSS Lead States, 2013). We study a design
project on solar ovens supported by an online curriculum. The project includes visualizations and interactive
simulations to help students develop meaningful plans. Students draw on their scientific ideas and interpret the
data collected using their physical artifacts to design and refine their solar ovens. We study how collaborative
critique of student designs contributes to effective science learning.

Critique is common as a way to improve engineering designs (Krajcik, Blumenfeld, Marx & Soloway,
1994). Critique activities can guide students to justify their designs and identify flaws in their plans (Chang &
Linn, 2013). Peer critique often succeeds when students discuss ideas together and justify their claims. This can
help students clarify their ideas and reveal weaknesses in their understanding (Blumenfeld, Kempler & Krajcik,
2006). We examine how middle school students used their own ideas, others’ ideas, and new ideas during
critique of solar ovens. We then develop categories that are common types of student interactions during the
peer critique activity in our curriculum.

By situating thinking in a social context, peer critique may increase student motivation (Wentzel,
1997). If students feel responsible for the success of their group, they may be more likely to engage and offer
ideas. On the other hand, peer critique activities must be structured to ensure that all participants feel
comfortable giving and receiving criticism (Scardamalia & Bereiter, 1994; Sato, 2015). Research on peer
critique has shown the value of having students evaluate written work by their peers as a way to help students
examine their own writing with a more critical eye (Black, Harrison, Lee & Marshall, 2003).

In addition to improving their designs, peer critique can help students develop a coherent understanding
of underlying scientific concepts. According to the knowledge integration framework (Linn & Eylon, 2011),
learning is achieved by first eliciting student ideas, then giving students opportunities to add new ideas and
distinguish between these ideas. Peer critique provides an opportunity for students to express their ideas and
hear new ideas from their peers. Students bring different prior experiences with them to the project, and can
offer unique ideas (Matuk, Linn & Eylon, 2015). In a successful critique activity students will then distinguish
between these ideas according to agreed-upon criteria. Students may be called upon to distinguish between their
own ideas when developing explanations, but distinguishing the ideas of a group based on agreed-upon criteria
may require further discussion to develop criteria.

Since students often receive feedback only from their teachers or other authority figures they may
benefit from peer feedback that is worded more like their own thinking (Cole, 1991; Linn & Songer, 1991). In
an environment where students feel comfortable sharing ideas and providing reasonable criticism, in addition to
receiving feedback, students can develop general criteria for evaluating designs, which they may then apply to
later activities (Clark et al., 2012). By building an awareness of what makes a good design, students develop
greater agency and a sense of ownership over their designs and ideas.

CSCL 2017 Proceedings 41 © ISLS



However, it is often the case that students have difficulty establishing and applying appropriate, mutual
criteria for evaluating ideas. If students have many ideas to distinguish, developing criteria for distinguishing
could be quite a challenging task. This could be due in part to the fact that students may not practice critique
often in the classroom setting. Numerous studies document the challenges faced by students when they are new
to peer critique activities (e.g., Tsivitanidou, Zacharia, & Hovardas, 2011; Gan & Hattie, 2014; van Zundert,
Konings, Sluijsmans, & van Merriénboer, 2012). In cases where students have not agreed upon criteria based
upon underlying scientific ideas, they may focus on superficial features of designs. Furthermore, without criteria
grounded in scientific concepts, students may feel reluctant to provide criticism, as it could be misinterpreted as
a personal offense.

In previous work (McBride, Vitale, Applebaum & Linn, 2016), we saw mainly positive critiques (“Add
more tinfoil”’) rather than negative (“use black paper instead of tinfoil”). This effect may be exacerbated if
students are expected to engage in face-to-face, verbal critique. This could be because of the structure of the
curriculum; students are given a new budget during the revision to add to their oven, so during the critique
activity they may be trying to decide how to spend their new budgets. However, students may also find it easier
from a social standpoint to give positive critiques rather than negative (Baumeister, Bratslavsky, Finkenauer, &
Vohs, 2001).

In this study, students often seemed to provid feedback without scientific justification, providing a peer
group with a new idea, but no rationale for that new idea. This could be because students were reluctant to
provide explanations, they did not feel they had to provide an explanation, or fi they did provide and explanation
during conversation, they simply did not write it down. In practice, engineers are often called upon to provide
rationales for design changes. For professional engineers, providing rationales and being reflective is an
important practice in improving design skills (Adams, Turns, & Atman, 2003; Schon, 1983). Rationales may be
centered in the artifact and may also provide a way to understand and talk about dependencies in a complex
project (Gruber & Russell, 1996). We introduce students to dependencies and tradeoffs by having them use a
budget during the curriculum.

Types of student interactions during the peer critique activity could be categorized into groups using
the knowledge integration framework. Two possible groups are “idea distinguishers”, and “idea adders”. In this
curriculum, we aim to help students integrate their design choices with science concepts, so we consider the
“integration” component of the knowledge integration framework to be specifically science and design
integration. Ideally, peer critique activities will support students across groups in improving their practices of
scientific idea integration, while also giving students the opportunity to add and distinguish ideas.

In this study, we examine how students’ original ideas change and grow from their first ideas about
revisions they will make to their final ideas. We will evaluate the extent to which groups maintain their original
ideas, add new ideas, distinguish between ideas, and integrate ideas with scientific justifications. Based on our
findings from this analysis, we can also inform future design of critique activities to encourage certain types of
student activity, like providing justifications and rationale.

Methods

Participants and procedures

One 6™ grade teacher and her 150 students participated in this study. Following individual pretest, the teacher
assigned students to a total of 55 dyad or triad workgroups; students in this class often work together on group
activities. Following curricular activities, students engaged in an individual posttest.

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 is 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 transformation of thermal energy (NGSS Lead States, 2013). Students engage with the
curriculum online through WISE (Web-based Inquiry Science Environment), utilizing a variety of instructional
and assessment tools (Linn & Eylon, 2011).

Students follow a design, build, test approach with two iterations. For added support for distinguishing
between and reflecting upon ideas, we include explanation and critique activities between iterations. Prior to
building, students engage in a series of design activities intended to make science concepts central to students’
design plans. In a budgeting activity students are prompted to choose and justify materials they plan to use.
Figure 1 shows the material and budget list. For their initial design, students are allowed to spend $20 on their
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materials (excluding the box). In later design revisions students receive an additional $13 budget. By limiting
their access to materials, students are forced to consider the most important elements of their design. Following
budgeting, students engage with an interactive virtual model to investigate various design options (e.g.,
materials), and familiarize themselves with underlying mechanisms (Wilensky, 1999). In addition to selecting
materials and testing them in the virtual model, students are also prompted to draw pictures of their ovens and
explain how energy transfer will occur in their oven. After building, students test the ovens using digital
temperature probes that collect data and generate a graph in real-time. The physical ovens are tested under
lamps with a common set of requirements so that results are comparable between trials and groups. After
revising, building, and testing a second time, students in this class cooked marshmallows in their ovens. Table 1
displays the general layout and features of the So/ar Ovens curriculum unit.

We specifically investigate the use of the critique activity that occurs between iterations of designing,
building, and testing. In this activity, students were first asked to describe the changes they would make to their
own ovens during the next iteration. Then, students were instructed to work with the group next to them to
exchange ideas about the ovens. This activity required some facilitation from the teacher. Students were asked
to give at least one idea to the group they were working with, and to take at least one idea from the other group.
Students wrote these ideas in WISE during the activity. In the next activity, redesigning the oven, we asked
students to describe the changes they would actually make to their ovens.

Table 1: Solar Ovens Curriculum Outline

Activity Description & Items of Interest

Introductionto 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.

atmosphere Students 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 Activity Students use an interactive model to investigate how radiation works in a solar
oven

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

Reflect & Critique Students think about changes they will make to their oven and engage in critique
activity with other student group

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

Reflect Students describe howtheir solar ovens work using energy from the sun; make
connections between solar ovens and the atmosphere

Materials & Costs

1sheet of
construction paper \. $2
(8.5 inch x 11 inch)

12 inch x 12 inch

Sheet of tin foil & s7

12 inch x 12 inch

Sheet of plastic & S6
| wrap

You can RENT:

12 inch x 12 inch

sheet of Plexiglas s 10
_tthlck plastic) |

3 feet of tape c

$3

(Duct, masking, clear)

Figure 1. Materials and cost list for Solar Ovens curriculum

Analysis materials
We examined four items for each group. These items come from the reflection stage, the critique activity, and
the very first activity during the redesign process. These items are:

1. Reflect: Students describe the changes they wish to make during the redesign of their oven
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2. Take: Students write the idea(s) they received from the group they worked with
3. Give: Students write the idea(s) they gave to the group they worked with
4. Redesign: Students describe the changes they wish to make during the redesign of their oven

Analysis approach

Our analysis approach for these items included developing a list of ideas students mentioned in any of their four
responses. This list of ideas was then grouped into several categories that encompassed the majority of student
ideas. We used the shortened list of ideas to code students’ responses for the presence of ideas in order to track
where ideas occurred within these four items. The shortened list is made up of the ten student ideas in Table 2. It
would be useful to also have student reasoning for their design decisions, but many students did not provide
reasoning, though the question specifically asked for it. Many students may have provided reasoning during the
conversation that took place during the peer critique activity, but that reasoning was not recorded.

Table 2: Student idea categories and counts during each activity

Student Ideas Reflect | Take | Give | Redesign | Total
Add aluminum foil 22 12 8 25 67
Add tape 5 0 3 10 18
Add more paper (black or white) 12 9 13 17 51
Add plastic wrap 9 4 6 10 29
Add or adjust reflective flap 16 13 9 11 49
Add Plexiglas 6 4 1 5 16
Tighten the plastic wrap over the top of the oven 3 3 3 3 12
Patch holes anywhere in the oven 4 4 6 1 15
Adjust or add a flap to insert food or atemperature probe 3 5 7 1 16
Adjust box construction (size, shape, structure, etc.) 2 2 0 2 6

Results
Overall, we found that students wrote more ideas about their own ovens than peers’ ovens. Across the 55
groups, students wrote an average of 1.55 ideas in the reflect item and 1.60 ideas in the redesign item, while
only writing an average of 1.06 ideas in each of the give and take items. The greater number of ideas written for
reflect and redesign are not surprising since students are more familiar with their own designs and ovens than
the designs of other groups.

We next break down the flow of ideas from each item to the next in Table 3. In this table, we look at
the interaction between each possible pair of items.

Table 3: Flow ofideas between items

Items # Ideas Carried Over
Groups use ideas Reflect to Take (1 to 2) 24
from their peer Take to Give (2 to 3) 4
group Take to Redesign (2to 4) 17
Groups use their Reflect to Redesign (1 to4) 35
own ideas Reflect to Give (1to 3) 13
Give to Redesign (3 to 4) 23

Taking a closer look at whether students took their own ideas (reflect) or the ideas they received from
the other group (take) with them to the redesign stage, of the 53 groups, 9 groups (16%) kept ideas in the
redesign item from both the reflect and take items, 14 groups (25%) only kept ideas from reflect item in their
redesign response (no ideas carried over from take), 2 groups (4%) only took ideas from the take item in their
redesign response (no ideas carried over from reflect), and 22 groups (40%) did not use ideas from their reflect
response or the take item in their redesign response. There were 8 groups (15%) that did not mention any
specific ideas in their redesign response (e.g. “Well, we will use materials that will effect the box the most, so we
onlyuse 10 dollars.”).
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This interaction between ideas students generated themselves and those generated by another group
shows that some students seem to keep only their own ideas, while others seem to engage in idea generation
during the critique activity. Generating new ideas during the critique activity may help these students to generate
more new ideas for themselves later in the design process.

Examining some of the other interactions between items, we see that students often carried ideas over
from those that they gave to another group (give) to their own redesign. This happened 24 times (22 groups
carried over one idea, 1 group carried over two ideas). This signals that having students generate ideas for
another group is a useful activity for helping students to add more ideas to their repertoire for their own solar
oven. Students generally did not carry over ideas from the fake item to the give item. There were 4 ideas carried
over, but in this case 3 of the ideas were carried over by the same group, with only one other group using the
same idea for both give and fake items.

During the analysis of this data, we also noticed that students did not often give negative critiques to
other groups. However, this may be because of the structure of the unit. During the critique activity, students are
thinking about what they can now add or change about their oven, so these are the types of critiques they get and
give. This may also reflect a difficulty students have in giving their peers negative feedback, possibly because
they do not yet consider themselves experts on the topics covered in the unit.

Students seem to fall into one of two categories: idea adders or idea distinguishers. Idea distinguishers
can then be further broken down into students take ideas from others or those who keep only their own ideas.
Students fall into the group of idea adders if they did not use any of their own previous written ideas or the ideas
given by their peer group during Redesign. Students fall into the group of idea distinguishers (keep) if they kept
only their own written ideas at Redesign. These students may not have liked the idea given to them by their peer
group, the given idea may have been incorrect, or the budget may have been prohibitive. In any of these cases,
however, the students distinguish between ideas and choose to carry forward with their own ideas. Students in
the group of idea distinguishers (take) use ideas given to them by their peer group in Redesign. They can do this
in conjunction with keeping their own written ideas from Revise. We discuss each of these four categories
further through case studies.

Table 4 shows the breakdown of how many groups fell into each category from our data. In the
knowledge integration framework, students should also integrate their ideas together. In this context, integration
is considered integrating a design idea with reasoning that comes from science concepts. Only 14 groups
integrated their design ideas with science reasoning in Redesign, even though the question specifically asked for
reasoning. These groups were also spread across our three categories.

Table 4: Number of groups in each category and groups who integrate design ideas with science concepts

Category # Groups / (Total) | # With Integration
Idea Distinguishers (Take) 17/(55) 6
Idea Distinguishers (Keep) 14/ (55) 4
Idea Adders 23/(55) 4

Case studies

To further illustrate the results presented above, we use three case studies. Each of these cases offers a different
view of how students use ideas presented during the critique activity. We will compare where ideas present in
the last activity, Redesign, initially emerge. We specifically examine each of the following scenarios: groups
who kept their own ideas and took ideas from their peer group, groups who kept only their own ideas, and
groups who did not use any of their original ideas or the ideas from their peer group. Important parts of the
responses are underlined.

Case 1: Idea Distinguisher (Take)

In this case, the pair of students both kept their original ideas (reflect) and took the ideas given to them by their
peer group during the critique activity (fake). This type of case happened in 17 out of 55 groups. Each item
answered by the pair is shown below:

]

e Reflect: “We could improve our solar oven by making the tin foil flaps bigger.’

s

o Take: “One idea that we got was to put black paper all around the inside of the box.’
o Give: “One idea I gave the group is that they should put a tin foil flap.”
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e Redesign: “we will buy black paper and more tin foil. The black paper is to absorb the heat inside the
oven. The tin foil is to make a larger flap to direct the rays from the sun to the oven.”

While students certainly write their own ideas for revising their oven in the reflect item, the nature of the project
is such that students can watch other students in the classroom test their ovens and gain new ideas simply from
looking around the classroom. Many of the reflect ideas likely come from watching other students, in addition to
a group’s own ideas. This group starts out with an idea about improving the reflector flaps on their oven. This
group got the idea of putting black paper on the inside of their box during the critique activity. When the group
was asked how they would redesign their oven, they said they would use both ideas to improve their oven. Since
each group has a limited budget, this was an interesting case in which the group was able to add materials to
their budget to fulfill an idea given to them by another group. Another common occurrence seen in the give item
was groups giving their own ideas to the other group. This happened in this case as well, with the group
suggesting to their peer group that they “should put a tin foil flap”. This group also exhibited integration,
integrating their design idea in Redesign with science reasoning.

Case 2: Idea Distinguisher (Keep)

In this case, the pair of students kept their original ideas (reflect), but did not take any new ideas (take) into the
redesign activity. This type of case was fairly common, happening in 14 out of 55 groups. Each item answered
by the pair is shown below:

o Reflect: “We can add plexiglass and still have $3 dollars leftif we get the additional $10 button.”

o Take: “One idea that they gave us is that they put black paper on every side, including the bottom of
their flap.”

o Give: “They could use plastic wrap or plexiglass on top and ad a hole that can put the smore in it
easier.”

s

e Redesign: “We will add plexiglass and tape to keep more heat in.’

In this case, the group began the critique activity with the idea that they would revise their oven by adding
Plexiglas (reflect). This also included a discussion of their budget. The Plexiglas cost the students $10, their
whole budget. However, it seems that the students did not utilize their entire budget during the first round of
building. It was common in this classroom for the teacher to allow the students to carry over any additional
budget to the second iteration of building. The group mentions that they have $3 left in their budget. During the
critique activity, the students are given the idea of using black construction paper on all surfaces of the oven;
construction paper costs $2/sheet, so it is within their remaining budget to add some construction paper.
However, the group decides to use their new budget to add Plexiglas and tape, sticking with their original idea
from the reflect item. Again, this group offers their own idea to their peer group in the give item: to use
Plexiglas. While students are giving ideas to other groups that are relevant to improving the function of the
oven, we would like to improve students’ critical thinking in order to provide more relevant critiques to other

groups.

Case 3: Idea Adders

In this case, the pair of students did not keep their original ideas (reflect) or take the ideas from their peer group
in the critique activity (fake). This type of case was most common in our data, occurring in 23 out of the 55
groups. Each item answered by the pair is shown below:

o Reflect: “we could have had the alumnin foil flap better postioined. Also Maybe the plastic wrap could
have been tighter.”
o Take: “we got the idea to useplexiglas insted of plasticwrap.”

]

o Give: “was to use tape to coverthe holes.’

e Redesign: “We will add more black paper and touch up on some things that looked bad.”

This type of case was the most common in our data. In the reflect item, the group wrote about changing the
position of their reflector flap and tightening their plastic wrap. Their peer group gave them the idea of using
Plexiglas instead of plastic wrap as a cover on their oven (take). However, in the redesign item, the group wrote
about something completely different, adding black paper. In addition, the group did not give this idea about
black paper to their peer group during the critique activity (give). While it is difficult for us to say exactly where
this idea came from, this example illustrates how the critique activity can help students think about new and
different ideas. This group both had and was exposed to many ideas during the course of these four items, and
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was able to then think of even more new ideas for their redesign. While the group may not have provided
scientific justification for their ideas yet, this still fits with the underlying knowledge integration framework;
students need to add ideas to their repertoire in order to later sort those ideas.

Conclusions and implications

This work offers a view into how students are using critique activities during their work in hands-on science
projects, and offers a way to categorize how students use the peer critique activity to add and distinguish
between new ideas.

We provide support for peer critique activities in our curriculum through face-to-face interaction with
peer groups. During this direct interaction, students were able to engage in further conversation and often had to
provide scientific justifications for their critiques to their peer groups. This resulted in the vast majority of the
critiques during this project being about scientific and design choices, rather than superficial choices (e.g.,
decorative features).

The results of our data analysis help to show the benefits of using critique activities during design
projects. While some students will still utilize only their own, preexisting ideas, many other students add ideas
during the critique activity. The students who add ideas may combine their ideas with ideas from other groups,
come up with completely new ideas after the critique activity, or give up on their ideas in favor of the ideas from
their peers. From a creativity perspective, as well as a knowledge integration perspective, it is beneficial for
students to be exposed to many different types of ideas. Students may learn more about the scientific
implications of their design choices by having to sort through multiple ideas for revising or creating their
designs.

Understanding how students use ideas from the peer critique activity to help develop new ideas or
criteria for distinguishing between ideas helps to inform how we can design curriculum to encourage better
practices for students.

One shortcoming of this curriculum and study was the lack of scientific reasoning given by students in
their explanations for their design choices. In future uses of the Solar Ovens curriculum, students will be
prompted for their design choice and their scientific reasoning separately (instead of in the same question
prompt). This data provided us with useful information showing that students do not often want to provide
reasoning or what they may see as extraneous explanation, but in the future we would like to also be able to
better understand students’ reasoning and help them to develop their explanation and argumentation skills.
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Abstract: The promise of social network technology for learning purposes has been heavily
debated, with proponents highlighting its transformative qualities and opponents its
distracting potential. However, very little is known about the actual, everyday use of
ubiquitous social network technologies for learning and study purposes in secondary schools.
In the present work, we present findings from two survey studies on representative samples of
Israeli, Hebrew-speaking teenagers (N = 206 and N = 515) which explored the scope,
characteristics and reasons behind such activities. Findings show that such practices can be
described best as online knowledge sharing, that is: the up- and downloading of knowledge
and knowledge sources to social network peer groups. This teenage, school-related knowledge
sharing is common and widespread, entails different types of knowledge, and is mainly
motivated by prosocial motives, as well as expectations for future reciprocation. Sharing is
predicted by individual differences, such as gender, collectivist values, mastery goal
orientations and academic self-efficacy. Relations between competitive-individualist values
and sharing are more complex, and are, among others, moderated by expectations for future
benefits. Implications for educational practices and for collaborative learning theories are
discussed.

Introduction

The prominence of social network sites (SNSs) in everyday life has ignited musings and debates about the
implications of these developments for formal learning and education. Skeptics of SNSs for learning purposes
pitch online social networking and formal learning as two mutually exclusive activities, emphasizing that SNSs
have been designed and are mainly used for pastime socializing (Kirschner, 2015). This pastime socializing
comes at the expense of and distracts from academic pursuits (e.g., Hollis & Was, 2016; Junco 2012, Kirschner
& Karpinski, 2010). Research shows that teenagers and young adults indeed use SNS technology for various
social purposes (e.g., Back et al., 2010; Hew, 2011). However, it does not rule out the possibility that students
use SNSs for formal learning purposes as well.

At the other end of the debate, proponents of SNSs for learning envision that social media technologies
will have positive and even transformative effects on how students learn, collaborate, share and create
knowledge. These envisioned changes are often described in terms of amove away from traditional, hierarchical
teaching structures organized in formal institutions, toward self-organized communities of interest, in which
peers collaborate and discuss content, tutor newcomers, and create new knowledge, without the interventions of
adult, certified teachers or other formal authority figures (e.g., Bingham & Connor, 2015; Collins & Halverson,
2009; Greenhow & Robelia 2009; Harasim, 2000; Wegerif, 2013). Recent educational design research
initiatives have shown that some aspects of that vision may be achieved, with the help of extensive technical and
professional support and with specifically developed add-ons to existing SNSs (Greenhow et al, 2015; Tsovaltzi
et al., 2014). However, even though this shows the possibility of SNS-based learning activities in special
circumstances and with tailored support, it does not provide further insights about the everyday and spontaneous
use of ubiquitous SNS technology for learning and study in secondary school settings.

Recent work has sought to address this gap by exploring how teachers and students interact in SNSs
(Asterhan & Rosenberg, 2015; Ophir, Rosenberg, Asterhan & Schwarz, 2016; Rosenberg & Asterhan, in press;
Hershkovitz & Forkosh-Baruch, 2013; Schwarz & Caduri, in press). The combined findings from those studies
show that teachers use SNS-based communication with their pupils for social-relational and psycho-pedagogical
purposes, but also to support academic-instructional activities. In the present work, we extend this work by
focusing on teenage, peer-to-peer, self-organized use of ubiquitous SNS technologies (i.e., Facebook,
WhatsApp) for learning purposes in formal school settings.

We first explored this space with a pilot study that consisted of semi-structured teenager interviews
(Bouton & Asterhan, 2014). Based on those first findings, we concluded that teenagers' self-organized learning-
and study-related SNS activities are best approached under the umbrella of online knowledge sharing.
Knowledge sharing is a well-known construct in communication, business management and information
science. We provide a short overview of these bodies of research and their main findings.
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Online knowledge sharing

Communication scholar Nicholas John (2012) has argued that "sharing" has become the constitutive activity of
social media, and of social network sites (SNSs) in particular. Knowledge sharing refers to activities in which
individuals share their own internally stored knowledge or external knowledge sources they have at their
disposal by making it accessible to others. There are countless examples of online knowledge sharing, such as
contributing to Wikipedia, posting a response to a question on a thematic Q&A forum, uploading a tutorial
video to YouTube, or posting college lecture summaries on a blog. Access to this knowledge may or may not
require membership. In the vast majority of cases, there is no direct monetary reward involved for making one's
knowledge available. Moreover, knowledge sharing is not a zero-sum game, as when one shares a candy bar
with a friend or when sharing a dormitory room with another student. It involves letting someone else have
something that you have, without entailing any kind of material sacrifice on the part of the sharer (John 2012).
In other words, upon sharing one's knowledge one does not become "less knowledgeable". Quite to the contrary,
when a sufficient number of participants contribute, knowledge sharing leaves one with more.

However, it does require time and effort to assemble and share knowledge online, and this is done
without receiving direct material benefits, without the assurance of reciprocation, and often without knowing
who benefits from this knowledge. Moreover, if indeed 'knowledge is power", then in a competitive
environment the sharer may lose his/her relative advantage over others. In many ways, knowledge sharing has
then similar features to a public good dilemma (Connoly & Thorn, 1990): In this case, the public good is
knowledge, from which every member of a group may benefit, regardless of whether or not they personally
contribute to its provision (Olson, 1965), but whose availability does not diminish with use. According to game
theory, defecting (not contributing) is technically considered to be the strategy which from an individual
member's standpoint maximizes utility, independent of whether others contribute to the resource or not (Cabrera
& Cabrera, 2002; Dawes, 1980). This raises the question: What motivates individuals to voluntarily share
knowledge?

One model that has been used as a framework for explaining willingness to share is the gift economy
model (Mauss, 1967): In pre-monetary societies, people exchanged goods with their acquaintances in an
intricate weave of reciprocal acts. As there were no formal financial systems to protect the wealthy against
future misfortunes, ‘gifts’ donated to society served as a social guarantee that the family that was kind enough to
share their good fortune today, will be protected and taken care of, should the need occur in the future. This quid
pro quo motive for sharing has been used to explain how seemingly altruistic online sharing may be based on
expectation for future economic rewards (e.g., Restivo & van de Rijt,2014; Roberts et al.,2006).

Knowledge sharing, its motivations and rewards has interested scholars from various fields of research,
but predominantly so in business management and organizational science, where employee knowledge sharing
has been related to a range of success criteria, such as decreased production costs, innovation, revenues and
team performance (see Wang & Noe, 2010, for a review). Factors that predict individual willingness to share
knowledge with members in an organization are, among others, expectations of reciprocity, expectations of
personal benefit (and reduced costs of sharing), interpersonal trust, collectivist values, self-efficacy and lack of
evaluation apprehension (Wang & Noe, 2010). Knowledge sharing has also been studied in the context of online
professional learning communities (e.g., Belous, 2014; Lin et al., 2008; Tseng & Kuo, 2014), where sharing is
mainly motivated by intrinsic rewards, altruism and self-efficacy.

Knowledge sharing in educational contexts

Against this background, it is surprising that, to date, knowledge sharing in educational contexts has received so
little scholarly attention. Knowledge sharing in school contexts is different from the aforementioned settings in
several ways: First of all, students from a secondary school know and interact extensively with one another
offline as well as online. Secondly, individual excellence in secondary school settings does not translate into
monetary or other materialistic rewards (such as, salary bonuses, promotions), and the potential of future
rewards (such as college scholarships) may be less salient to secondary school students. One the other hand,
competition for academic excellence (medals, awards, honors) are by definition based on relative standing in a
group. Such considerations may therefore stymie students’ motivation to share school-relevant knowledge.
Finally, whereas knowledge sharing is actively promoted by managers and leaders in organizations, attitudes
towards sharing in the educational realm tend to be more ambiguous: On the one hand, peer assistance and help-
giving are valued and encouraged in schools. Collaborative group work, peer tutoring and discussion are
cornerstones of progressive pedagogies. In essence, even teaching is a form of knowledge sharing. However,
assessment and evaluation is predominantly based on individual performance. Thus, peer knowledge sharing in
the sense of giving, receiving and using solved solutions, completed homework assignments, and answers to test
items are considered unethical (cheating) and, therefore, prohibited. Moreover, sharing in the sense of
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exchanging learning derivatives is often discouraged: By relying on adapted materials that are produced by
others, instead of processing the materials by one's self, important learning gains may be forfeited.

The present research

The overall aim of the present research is to map teenagers’ school-related knowledge sharing practices in
SNSs. Two panel data studies were conducted on representative samples of Israeli, Hebrew-speaking
adolescents. The first panel study (Study 1) was exploratory, and designed to gain first insights into the extent
and specifics of teenagers' school-related SNS knowledge sharing practices. Based on a representative sample of
206 teenagers, the findings showed that most of them are members of student-organized SNS study groups and
that the vast majority (90%) participates in some form of school-related knowledge sharing in those groups,
mainly through WhatsApp (and to a lesser extent on Facebook). Moreover, teenagers almost unanimously
regard knowledge sharing as beneficial for their learning.

Because of space considerations we do not provide a full report of this study here, as the nature of Study
1 was mainly exploratory and formed the basis for formulating hypotheses to be tested ina larger sample, Study
2. The research questions and hypotheses of Study 2 are organized according to four different aspects of teenage
school-related sharing in SNSs (whether, what, why and who):

(1) Whether: How common and widespread is the phenomenon? How often do they share, how often do
they use shared materials? How many SNS study groups do they participate in, on average? Do they appreciate
itoris it considered anuisance? Based on the findings from the pilot study interviews and the Study 1 survey it
is expected that the majority of high school students participate in knowledge sharing through SNS, are
members of at least one SNS study groups, and regard sharing positively.

(2) What: What types of knowledge sources are shared most often by high school students? Based on
findings from Study 1, we expect that materials that require little personal effort to produce (e.g., snapshot,
technical messages) will be shared more frequently, compared to learning materials that require substantive
individual effort to produce (e.g., reading material summaries).

(3) Why: What motivates high school students to share learning materials in SNS study groups, and why
in their opinion, do others choose to share? Is this mainly motivated by pro-social motives (i.c., the wish to help
others) or by more egocentric motives (i.e., self-enhancement, impression management)? Also, do they feel
social pressure to comply with sharing norms and do they experience regret afterwards?

(4) Who: Is there a profile for frequent sharers, or central knowledge brokers, and can they be
distinguished from less frequent sharers? Based on findings from the aforementioned literatures, we expect that
sharing is positively predicted by collectivist, but negatively predicted by individualistic value orientations. We
also expect that sharing occurs more frequently among students with higher academic self-efficacy. Based on
achievement goal theory, it is expect that mastery orientations are positively associated with sharing, but
negatively related with performance goal orientations. Finally, based on existing research on gender differences
in peer help-seeking, we hypothesize that sharing is more frequent among female than male students.

Method

Participants
515 Hebrew-speaking Israeli adolescents were recruited from the largest national panel sample (with over
10,000 active adolescent members), which is subjected to state privacy law and ethical regulations. In the
registration process, users provide basic biographical data (e.g., age, gender, residence, mother tongue, religious
affiliation). This biographical information is used for selection procedures (e.g., mother tongue, ethnicity,
religiosity, SES) as well as to build representative samples for surveys. Registration to the panel requires that
adolescents as well as their parents read and sign consent forms. Invitations to participate in the current study
were sent via e-mail to all registered adolescent members (age 15-17) from the majority population in Israel
(mainstream, ethnically Jewish population). Because of substantive differences in school systems, cultural
norms, internet availability and/or teacher-student relationships, we did not recruit participants from the ultra-
orthodox Jewish and the Arab-speaking population. The invitation did not reveal the research topic.
Participation was on a first-come, first-served basis and was closed once the goal of 500 adolescent participants
with active SNS accounts was reached, while safeguarding a representative breakdown of gender, age, and the
different religious sectors that is representative of mainstream Jewish adolescent population (53% secular, 18%
traditional, 18% religious).

Relying on the results of study 1, we assumed that most of the educational uses of SNS were organized
via specifically generated SNS learning groups, created mainly by students, in various social network sites such
as Facebook or WhatsApp. However, in the current sample only less than two-third of the total sample (N =
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291) admitted they were members of at least one SNS study group. The remaining 224 respondents thendid not
complete survey items relating to SNS study group activities. Data analyses of research questions revolving
around such group activities is then restricted to 291 participants, instead of 515. Mean age of the 291 remaining
participants (127 male) was 16.73 (SD = 1.04). All the questionnaires were completed online, during the first
week of April, 2015. Net time to complete the survey was estimated at 15 - 20 min.

Tools

The full survey included 93 closed-end items. It included items that provided information about demographic
background, overall SNS use, features of SNS study groups (e.g., how many groups, who initiates them, number
of members ina typical group), as well as the following measures:

Sharing intensity was assessed with five items, each referring to one of five different types of content
categories (Cronbach’s, a =.778): Administrative messages ("such as homework instructions/reminders, tests
notifications and so on"), snapshots (“of the teacher’s notes on the class board or handouts given in class”),
content summaries ("of class notes, reading material summaries, and so on"), solved homework and other
individual assignments, and peer learning ("such as, helping friends and explaining online points they didn’t
understand "). Frequency of sharing was rated on a 5 point Likert scale, separately for (1) content shared; and
(2) using shared content posted by others.

Students' feelings about sharing. Five Likert scale, self-report items were included in which
respondents indicated the extent to which they have experienced regret after sharing, feel (themselves / others)
pressure to share, are dependent on sharing, their sharing helps others.

Explicit motives for sharing. Based on findings from Study 1, six common motives for (own / other)
sharing were phrased: Improving academic achievements, Helping classmates succeed, Positive self-concept,
Quid pro quo, Gain social stature and Lack of effort. Likert scales ranged from 1 ('not true') to 5 (‘very true').

Individualism and collectivism. Students' individual orientation towards collectivist and individualist
values was measured by using two scales from the Singelis et al. (1995) survey, which was translated to Hebrew
and validated by Adar (2005). Examples of items are: "Competition is a law of nature", "It annoys me when
others perform better than I do", "The well-being of my co-students is important to me", and 'l feel good when I
cooperate with others". Internal reliability was o = 0.78 for the collectivist and o = 0.75 for the individualist
value orientationscale (N=515).

Academic Self efficacy. Efficacy was measured with 8 items from an adapted version of the English
version of the General Self Efficacy scale (Schwarzer & Jerusaelm, 1995), namely the NGSE (translated and
validated by Chen et al., 2001), which was adapted to target academic SE. Internal reliability was high, o = 0.93.

Achievement goals. Individual achievement goal orientations were assessed with 18 items extracted
from the Elliott & Church (1997) scales. Internal reliability was o. = 0.76 for the mastery scale, o= 0.89 for the
performance approach scale and o = 0.73 for the ability-avoidance scale.

Results

Whether students share in SNS study groups

On average, teenage participants (N = 515) reported receiving hundreds of notifications daily from the two SNS
accounts together (M =428.33,SD=554.89, range from 0 - 2,000). This questionnaire did not include separate
questions on memberships in Whats App or Facebook, but rather asked generally about number of notifications,
as stated above. Only two participants (< 1%) said they do not receive notifications at all.

As in Study 1, participants were asked to indicate the number of SNS study groups they are members
of. However, the format was slightly different from that in Study 1: Participants could either tick the "none"
option or write the number of SNS study groups in an open-ended format (rather than choose from aclose set of
predefined intervals, as in Study 1). Unlike study 1, where the vast majority of students admitted being members
of SNS groups, in the current sample, only 57% of respondents reported participation in at least one SNS study
group, which is significantly less than in the Study 1 sample. Because of the different test item format, it is not
possible to infer whether this reflects a genuine difference between the two samples or is an artifact of the
different test format (i.e., clicking a predefined answer requires less effort, which increased participants’
tendency to choose the "none" option more often). Participants who choose the "none" option, did not receive
any further items on sharing in SNS study groups. The remainder of the data analyses on sharing behavior in
study groups is therefore limited to N=291.

Overall sharing intensity was calculated based on the mean frequency of the five separate types of
learning materials. Mean sharing intensity was M = 2.81 (SD=1.05), which is similar to findings from Study 1.
Forty-four percent considered themselves prominent sharers in their groups. The majority of respondents (89%)
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are members of more than one study group, more than 4 groups on average (M =4.33, SD =2.97). SNS study
groups are typically initiated by students (56%), rather than teachers (10%).

What is shared in SNS study groups?

The mean sharing frequency score for each of the five different types of content was calculated separately (see
Figure 1). Paired sample t-test comparisons were conducted with Bonferroni alpha corrections for multiple
comparisons (0.05/10) within each sharing activity (shared / used). For own sharing the pattern was as follows:
administrative messages = snapshots = peer assistance > content summaries > copying. For using shared
materials: administrative messages > snapshots > peer assistance > content summaries > copying.
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Administrative Snapshots Content Copying Peer
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Figure 1. Mean (and SD) sharing intensity in SNS study groups, as shared and used by respondents (N=291).

Why share?
The majority of participants (77%) strongly disagreed with the statements of experiencing regret after sharing
(M =142, SD = 0.88), experiencing peer pressure to share (66%, M = 1.69, SD = 1.15), or that others are
pressured (51%, M = 1.97, SD = 1.23). On the other hand, participants expressed overall agreement with
positive statements endorsing sharing benefits: They feel that sharing their own learning materials helps their
fellow classmates to improve their academic performance (M=3.79,5SD=1.21). Moreover, 21% of respondents
strongly agreed with the statement that they are dependent on sharing to succeed (M=3.19,SD=1.26).
Participants' responses to six predefined sharing motives were measured with separate items for one's
own sharing and the sharing by other group members. To examine whether the mean differences between types
of motives proved to be significant, paired sample 7-test comparisons were conducted with Bonferroni
adjustments for multiple comparisons (critical p = 0.05/15) within each sharing category (i.e., participants’ own
motives for sharing and their perceptions on others’ motives to share). The pattern that was obtained for own
and others' sharing was identical: help classmates succeed (M =4.43, SD=0.84) > improve self-concept = quid
pro quo = improve own learning > gain social status (M=2.05,SD= 1.36).

Who shares?
Gender differences were tested using a one-tailed independent sample t test. Female students were found to
share more overall (M = 2.90, SD = 1.06) than male students (M =2.69, SD=1.03), #289) = 1.70, p = .045.
When separately tested for each type of sharing, Mann Whitney test showed that female students only shared
content summaries more often (Mdn = 156.63) than male students (Mdn =132.27), U=12,158.0,p=.012.
Pearson correlations were calculated between the six individual characteristics and overall sharing
intensity, as well as Spearman correlations with each of the five different sharing content categories (see Table
1). Inter-correlations between most scales were either non-existent or low. However, a strong, positive
correlation was found between the individualist value orientation scale and the performance-approach goal
scale, 7(291)=.61,p <.001. Performance-approach goal scales were then omitted and we refer to the remaining
scale as "competitive individualism" from here on onward.

Table 1. Bivariate correlations between individual characteristics and different sharing measures (N=291)
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Collectivism Competitive Self-efficacy Mastery Performance-

values individualism goal avoidance goal
Overall sharing intensity 374%* 043 267%* 327 092
Administrative msg 340%* 018 246%* 255%%* .089
Snapshots /handouts 316** -.012 204%* 225%%* .087
Content summaries 309%* .049 A186%* 252%* 081
Copying 202%* 142%* 209%* 248%* 048
Peer learning 291%* -.003 303%* 288** 060

As expected, positive correlations of moderate strength were found between collectivist value
orientations, academic self-efficacy, and mastery goal orientation with sharing. Endorsement of performance-
avoidance achievement goals was not related with any of the sharing categories. A multiple linear regression
analysis showed that these predicted sharing intensity, F(3,287)=24.78, p <.001, accounting for approximately
20% of the variance of overall sharing intensity, R’ = .206, Adjusted R’ = .197. Each of the three individual
characteristics contributed separately to the prediction of overall sharing intensity (collectivism: p =.291,p <
.001, mastery: B=.191, p=.003, self-efficacy: f =.149,p=.014).

No correlation was found between overall actual sharing intensity and competitive individualism, #(291)
= .04, p = .466. However, competitive individualism positively correlated with regret after sharing (rs=.233,p <
.001), perceived peer pressure to share (r;=.302, p <.001), and the belief that others experience peer pressure (7
=.316,p <.001). Finally, competitive individualism was positively associated with on sharing category, namely
the sharing (and using, s =.13, p =.024) of solved homework tasks (cheating).

We examined the possibility that the relation between competitive individualism and sharing would be
moderated by belief in quid pro quo benefits. Respondents were characterized as either endorsing or not
endorsing gift economy views, based on the quid pro quo item. Competitive individualism was positively
related with overall sharing when students expect future gains from it (48%), » = .24, p =.032, whereas among
non-believers this correlation was negative, » = -.28, p =.011. This pattern was consistent across the five
different types of sharing behavior as well.

Discussion and significance

The combined findings presented here provide a first, descriptive account of teenage knowledge sharing via
ubiquitous SNSs in secondary school settings. School-related knowledge sharing refers to the up- and
downloading (posts, files) of knowledge and knowledge sources that pertain to the learning and studying of
curricular topics to/from a SNS group. It includes sharing of logistical and organizational information, sharing
of teacher-created materials, providing online peer assistance, and to a lesser extent the sharing of student-
created content summaries and even completed individual assignments (cheating).

The findings show that knowledge sharing through SNSs is a widespread phenomenon that has become
an integral part of routine study practices among secondary school students. Students have been known to
borrowand copy content from each others' notebooks prior the introduction of Web 2.0 tools. Therefore, student
peer-to-peer knowledge sharing is not a novel phenomenon in essence, nor is it created by SNS technology.
What has changed, however, is the ease, and efficiency, and therefore the scale, with which information and
knowledge can be duplicated and shared with the help of modern communication technologies.

We discuss our main findings, their contributions and the directions for future research from two separate
angles: a knowledge sharing perspective and a learning theory perspective.

Knowledge sharing in school settings

The present work extends the literature on online knowledge sharing as it is the first to address the phenomenon
in formal, secondary education. Similar to findings from adult knowledge sharing in online communities, self-
reported motivations for teenage sharing were predominantly pro-social in nature. In secondary school settings,
interpersonal competition for material rewards and thus the personal costs of sharing is perhaps less salient than
in professional settings. Not all sharing was purely motivated by altruistic motives, however, since quid pro quo
motivations were found to play a role as well. Participation in SNS-based sharing is more likely when a teenager
is female, endorses collectivist values, is guided by mastery goals, and has high academic self-efficacy.

Finally, in contrast to expectations, competitive individualism was not associated with less overall
knowledge sharing or more overall use of shared materials, as may have been expected based on a
straightforward utility maximization strategy. The results presented here showed that belief in quid pro quo, i.e.,
the gift economy rationale for sharing, serves as a moderating factor of the association between peer sharing and
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competitive individualism orientation: Among teenagers who expect quid pro quo benefits from sharing,
endorsement of competitive individualism was associated with increased sharing (and vice versa). Finally, even
though competitively oriented teenagers did participate in sharing activities, they also expressed more regret and
felt they were under more social pressure to share content. Moreover, and in alignment with findings on
performance goals, competitive individualism was associated with more frequent sharing of the cheating type,
that is: sharing and using copied homework and other assignments.

This first empirical study should be followed up by research that explores the phenomenon with
additional methodologies (e.g., direct observations and qualitative research tools) and in additional cultures and
countries. Given the popularity of SNSs among teenagers in many other countries, it is reasonable to expect that
knowledge sharing is a widespread and common phenomenon there as well. However, different norms and
practices may evolve locally and are likely to be influenced by local school cultures. Future research should
include additional educational settings. In higher education, for example, competition for individual monetary
rewards is more salient (scholarships, job offers, placement in graduate schools) and social cohesion not as
strong, compared to secondary schools. This may affect the frequency of sharing as well as motivations behind
it. Finally, future research should further explore the social structure of school-related knowledge sharing.
Recent findings in the Netherlands reveal that, in spite of euphoric prediction about the democratizing effects of
so-called consumer-directed sharing economies, sharing of under-utilized physical goods (such as cars, tools,
and apartments) is in fact highly stratified within social class. Moreover, the supply and the demand of shared
goods is dominated by middle-class participants, with considerably less participation from the upper and lower
classes (de Beer & de Gier, 2015). The quid pro quo expectation may in fact deter the 'have-nots' from using
shared goods, as they will have difficulty to return the favor in the future. Similar questions can and should be
raised regarding knowledge sharing: Who gains most from knowledge sharing, who loses out on potential
benefits and who is (purposefully) left out?

Knowledge sharing, peer collaboration and learning

From an organizational point of view, knowledge sharing is a means to reach the organization's end goals more
efficiently (Wang & Noe, 2010), but is not an end goal in itself. From an educational point of view, however,
the desirability of online knowledge sharing between students is less clear cut. Whereas values of collaboration,
sharing and pro-social behavior are encouraged and nurtured by society, parents and in schools, assessment and
evaluation is predominantly based on individual performance. Individual mastery of knowledge is (one of) the
end goal(s) of formal education. The most obvious case of undesirable sharing is that of solved homework tasks
and other assignments. Even though it proved to be the least frequent type of sharing in the current study, still
more than a quarter of the participants in both studies admitted to using it very frequently. Copying assignments
and handing them in as one's own is considered unethical ('cheating'), since it provides an inaccurate picture of
whether the end goal has been reached. Aside from the ethical aspects, however, the overarching question is
whether SNS-based knowledge sharing is conducive to individual learning, or not?

Our findings showed that, overall, teenage students regard online peer-to-peer knowledge sharing
positively and beneficial to their individual learning. However, these subjective perceptions may not necessarily
reflect actual learning benefits. There are, in fact, several reasons that dampen such positive expectations.

First of all, a vast body of empirical research has shown that peer-based learning may indeed produce
individual learning gains, provided that peers engage in particular rich forms of egalitarian, reasoned,
transactive dialogue in which they co-construct knowledge (for reviews see Resnick, Asterhan & Clarke, 2015).
Learners improve their individual knowledge and understanding through negotiating, externalizing and
challenging (the reasons for) each other's knowledge structures. This collaborative knowledge construction
shares some surface features with online knowledge sharing as it is described in the present work: It is a
collaborative, peer-based effort in a formal learning context. However, it lacks the pivotal attributes of
knowledge co-construction and can therefore not be assumed to improve individual learning in a similar vein.
Quite to the contrary, by overly relying on learning derivatives that are produced by others, instead of self-
made, students may forfeit important individual learning activities that produce knowledge gains as well as
develop important competencies (e.g., summarizing, highlighting and integrating information).

A second reason to be cautious about expected learning benefits from online knowledge sharing stems
from recent research on transactive memory systems and the increasing role of the Internet as the ultimate
transactive memory partner (Sparrow, Liu, & Wegner, 2011; Ward, 2013a; Wegner, 1987). The Internet
contains infinitely more expertise than a singular human partner, is accessible to all and is ever available. Recent
research shows that people systematically overestimate their own internally stored knowledge, as they conflate
it with the vast amounts of knowledge that are available through the Internet (Ward, 2013b). For example,
Fisher, Goddu & Keil (2015) showed that the mere act of searching the Internet for knowledge creates an

CSCL 2017 Proceedings 55 © ISLS



illusion whereby people mistake potential access to Internet-stored information for their own personal
understanding of the information even when the transactive memory partner is unavailable. Extrapolating from
this research to the current settings, it is possible that the information gathered through and stored in online SNS
study groups may cause a similar illusion of knowledge: The mere act of storing shared learning materials and
derivatives in one's cell phone or cloud, combined with the knowledge that one can access this information at
any time, may cause learners to overestimate their own internally stored knowledge and underestimate the need
for extra study time. This could then paradoxically lead to less actual learning.

Finally, the findings reported here show that students share and gather shared materials on a regular
basis. They do not provide further insight about whether and how they actually keep track, store, utilize and
integrate these different knowledge resources, however. Are these shared resources mainly used as additional
materials, or do they replace learning from the teacher-assigned, canonical materials? How do students select
and decide what is relevant, important or helpful, especially when they have several knowledge resources at
their disposal (e.g., shared summaries, lesson notes, whiteboard pictures, textbooks) from potentially different
individuals?

The present work is a first step toward a better understanding of a novel, widespread phenomenon that
was hitherto underexposed and could potentially have many implications for learning and study performances in
formal education. More research is needed to broaden and deepen this understanding, not only for scientific
purposes, but also to enable informed decision-making when addressing the practical, ethical and social
questions that come along with it.
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Abstract: We examined jigsaw instructionrelated to the human immune systemat a high school
from the perspective of knowledge creation. Collective knowledge advancement was analyzed
using socio-semantic network analysis (SSNA) and in-depth discourse analysis. Their
conceptual understanding was collected through pre- and post-testing and evaluated by using
the structure—behavior—function framework. SSNA revealed that higher conceptual
understanding was related to improved collective knowledge advancement. Further in-depth
discourse analysis clarified that students who acquired higher conceptual understanding
engaged in shared epistemic agency through productive regulatory processes to promote their
collective knowledge advancement. Based on the results, we discuss and propose scaffoldings
for more students to engage in productive collaboration in jigsaw instruction.

Keywords: collective knowledge advancement, shared epistemic agency, regulation of collaboration,
structure—behavior—function framework, jigsaw instruction

Theoretical background

Inquiry into collective knowledge advancement

In the knowledge-creation metaphor of learning (Paavola & Hakkarainen, 2005), students are expected to be
involved in knowledge creationpractice through collaborative construction of knowledge objects (Bereiter, 2002).
Regarding creating knowledge in the classroom, Scardamalia (2002) discussed collective cognitive responsibility
for contributingideas toward collective knowledge advancement. She defines intentional engagementincollective
knowledge advancement as the epistemic agency and proposes this agency as a new goal for instructionin the
knowledge age (Scardamalia, Bransford, Kozma, & Quellmalz, 2012). Damsa, Kirschner, Andriessen, Erkens,
and Sins (2010) further propose shared epistemic agency focusing more on the group-level agency. Through in-
depth discourse analysis, Damsa et al. found that students in collaborative groups engage in the wholly joint
epistemic actions of (1) beingaware of their lack of knowledge, (2) alleviating this lack ofknowledge, (3) creating
shared understanding, and (4) generative collaboration. To regulate their joint epistemic actions, students were
also found to engage in (1) projection by setting goals and creating joint plans, (2) regulation by monitoring and
reflecting on their advancement, and (3) relation by transcending conflicts, redirecting critical feedback, and
creating space for others’ contributions.

A new computational approach to collective knowledge advancement

In CSCL research, there have been discussions on the advantages of using social network analysis (SNA) to
investigate collective knowledge advancement and learner engagement (e.g., Martinez et al. 2003; Reuven et al.
2003).De Laat etal. (2007) outlined an approach to synthesizing and extending comprehensionof CSCL teaching
and learning processes to balance SNA, content analysis, and critical event recall. In this complementary approach,
SNA was used to study interaction patterns within a networked learning community, and to study how learners
share and construct knowledge. They concluded that including SNA in any multi-method approach is
advantageous, because doing so provides researchers and learners with tools for illustrating comprehension and
cohesion of group activities, and because it provides researchers a method for selecting appropriate groups to
study. Several studies have used SNA, especially in as a knowledge-creation metaphor. Over three years, Zhang
et al. (2009) implemented a complementary approach that used SNA to visualize and compare classroom
collaboration among fourth-grade elementary school students in a CSCL environment designed to support
knowledge building. An analysis of online participatory patterns and knowledge advancement indicated that this
learning process effectively facilitated knowledge advancement through critical changes in organizations within
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the classroom, from fixed small groups in the first year of the study to appropriate collaboration through the
dynamic formation of small teams based on emergent goals.

We extended the potential of SNA by describing a different type of network, socio-semantic network
analysis (SSNA). Ordinary SNA illustrates the social patterns of learners, namely, their social network. As de
Laat etal. (2007) suggested, this approach is thus informative when examining developments or changes in the
participatory structure of a community. However, several studies argued that existing social network models are
unable to examine how collective knowledge advances through learner collaboration (Oshima et al., 2007,
Schafferetal., 2009).Instead, we used a procedure similar to ordinary SNA but proposeda different type of social
network, one based on the words learners use in their discourse in a CSCL environment. We compared this socio-
semantic network—in which words were selected as nodes representing learners’ knowledge or ideas during a
discourse on a study topic—with a network of words from the discourse of a group of experts on the same topic.
The results showed remarkable differences in the collective knowledge of elementary school students and experts
regarding the words centered on the networks. We concluded that SSNA could provide a new representation of
community knowledge building, enabling researchers to adopt a new complementary assessment technique for
investigating models of knowledge-building communities. Inrecent years, this SSNA approach has been adopted
in CSCL studies to analyze student roles in collaboration and to detect productive interaction patterns (e.g., Ma et
al., 2016; Oshima, Oshima, & Matsuzawa, 2012).

Conceptual understanding of complex scientific concepts

In knowledge-creation practices, learners take on complex tasks and comprehension of phenomena. Complex
systems are defined as multiple levels of organizations locally interacting with one another such as financial
economies and weather systems (Wilensky & Jacobson, 2013). Many students have difficulty mastering such
complex subjects, despite their importance. One reason for this is that these concepts conflict with prior
experience. Students usually have a “centralized” mindset and tend to provide explanations that assume central
control and simple causality. In an interview study, Jacobson (2001) found that undergraduate students are more
likely to generate simple causality, central control, and predictability in comparison with experts, who exhibit
decentralized thinking of multiple causes as stochastic and equilibration processes.

Hmelo-Silver and Pfeffer (2004) proposed the structure—behavior—function (SBF) framework for
assessing student understanding of complex systems. While the SBF framework has been used to examine the
design of physical devices, they applied it to explaining student understanding of multiple interrelations and the
dynamic nature of complex systems. To assess student understanding of an aquarium as a complex system, for
instance, Hmelo-Silver and Pfeffer (2004) used the SBF framework as follows: Structuresare elements ofasystem,
and in an aquarium, there are fish, plants, and a filter. Behaviors represent how system structures achieve their
purpose, such as filters that remove waste by trapping large particles, absorbing chemicals, and converting
ammonia into harmless chemicals. Finally, functions express why an element exists within a given system, that
is, the purpose of a system element. For example, the filter removes aquarium byproducts. They studied verbal
responses and pictorial representations by middle school students, preservice teachers, and experts, and found that
novices focused on perceptually available, static system components. Experts, on the other hand, focused more
on interrelation among structures, functions, and behaviors. The results suggested that the SBF framework could
be a useful formalism for understanding complex systems.

Research purpose

This study examined how high school students engage in collective knowledge advancement through
collaboration in jigsaw instruction (Brown & Campione, 1996; Miyake & Kirschner, 2013) and how their
collective knowledge advancement is related to their learning outcome. Although studies have demonstrated that
jigsaw instruction is effective for facilitating conceptual understanding (e.g., Miyake & Kirschner, 2013), few
studies have shown how learners engage in collective knowledge advancement during collaboration. Through our
design-based research on an immune system lesson (three class hours), we approached students’ collective
knowledge advancement by applying a multivocality approach (Suthers et al. (Eds.), 2013). First, we conducted
a socio-semantic network analysis (SSNA) for numerically and visually representing collective knowledge
advancement and comparing group performance based on their learning outcome, as evaluated by the SBF
framework (in pre- and post-testing). We also conducted in-depth discourse analysis from the perspective of
shared epistemic agency and the regulation of collaboration to examine how students interact with one another in
collective knowledge advancement.
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Methods

Student sample

Thirty-nine tenth grade students at a high school in Japan participated in this study as part of their regular
curriculum. The high school is well-known and highly ranked in its district as a college prep school. Most
graduating students go on to university. A science teacher with a Ph.D. in biology and more than ten years of
teaching experience taught the students.

Lesson unit design

Activity structure of collaborative learning: Constructive Jigsaw instruction (Figure 1)

We applied constructive jigsaw instruction (Miyake & Kirschner,2013) in this study. In the jigsaw instruction,
three students in a group were given a challenge such as “Can you explain how vaccinations protect us from
infections?” then provided three study documents, each of which was necessary for solving the challenge. In the
first phase of collaborative learning, one student from each group gathered to form an expert group and worked
on their allocated materials over 1.5 lesson periods (each lesson period was 50 min.). After the expert group
activity, students returned to their original group (the jigsaw group), where students had different pieces of
knowledge. They were encouraged to share and integrate their individual knowledge to solve the challenge
problem in the jigsaw group activity. This jigsaw activity took another 1.5 lesson periods. Group composition in
the both group activities was designed by the teacher.

| S

o=

Figure 1. Jigsaw Activity Structure inthe Immune System Lesson (Left)
and a Snapshot of Recorded Data (Right).

Study documents

We first identified what knowledge and principles were covered in the school textbook. Figure 2 shows the SBF
framework for the immune system as described in the textbook. We then discussed with the collaborating teacher
how to separate the content into pieces of knowledge given to students in expert activities based on three key
functions (the three areas separated by dashed lines in Figure 2): humoral immunity, primary and secondary
response, and cell-mediated immunity.

Study design

Pre- and post-tests

Before and after the lesson unit we applied pre- and post-tests to evaluate learning outcomes. Students were
individually asked about their understanding of how the human immune system responds to vaccination. They
were given a worksheet with a printed question, on which they could write or draw their ideas. The pre-test was
conducted during the class periodright before the lessonstarted. The post-test was conductedright after the lesson
finished. Each test took one lesson period. Thirty-five students completed both tests and were further analyzed.

Process data collection

Student conversations during expert and jigsaw group activities were video recorded by a device with four cameras
and an omnidirectional microphone placed at the center ofthe table (right half in Figure 1). Student conversations
were transcribedand used for SSNA. We used transcriptions of the jigsaw group activity to examine how students
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exerted agency in advancing their collective knowledge with three pieces of knowledge acquired in their expert
group activity.
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Analysis procedure

We first investigated how students developed their biological understanding of the immune system as a complex
system. To do so, we analyzed their writing and drawings on the pre-and post-test. Student SBF frameworks were
categorized into the following types: When student explanations of how the immune system works considered the
relationships among structures, their behaviors, and functions as described in a specific document (A, B, or C),
we evaluated that they successfully constructed their understanding of the document. We did not count fragmented
descriptions of structures, behaviors, or functions where connections were not identified. Based on this criterion,
students were categorized as having (1) no understanding, (2) single-document understanding, (3) partially
integrated understanding between two documents, or (4) fully integrated understanding across three documents.
Referring to the SBF framework of the immune system, the first and second authors independently evaluated ten
randomly selectedstudents’ SBF frameworks based on their explanatory discourse and pictures in each ofthe pre-
and post-tests. Cohen’s Kappa coefficient for the agreement between the two raters was 0.92. Disagreements were
resolved through discussion. The first author evaluated the remaining data. Because no students demonstrated
knowledge of the SBF framework of the immune system in the pre-test, we focused on their SBF frameworks in
the post-test for analysis.

To analyze students’ collective knowledge advancement, we next focused on discourse in the jigsaw
group. Students on average engaged in discourse exchange 358.5 times injigsaw groups (SD=211.8).Onereason
for paying attentionto the jigsaw activity was that students were expectedto actively engage in creating new ideas
by integrating their knowledge from three documents. To visualize and computationally investigate collective
knowledge advancement, we conducted SSNA by the following procedure: We assumed that we could represent
the state of collective knowledge as clusters of vocabulary that students used in their discourse. For investigating
their collective knowledge, we selected words used to represent structures and functions of the immune system in
the SBF. The socio-semantic network of vocabulary refers to meaningful links between words in exchanges. When
students used words in their exchanges, we assumed that they were attempting to create meaningful links between
words. We used 23 nouns representing structures and functions in the SBF framework of the immune system. We
then used an application called KBDeX (http://www.kbdex.net) to SSNA to calculate the transition of the total
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value of degree centralities of nodes in the network across discourse exchanges, following the method of previous
research (Oshimaetal., 2012).

Our SSNA approach requires complementary discourse analysis to examine how students exerted shared
epistemic agency through regulatory processes of collaboration in their collective knowledge advancement. We
therefore also conducted an in-depth analysis of discourse segments related to pivotal points of collective
knowledge advancement as a drastic increase in the total value of degree centralities.

Results and discussion

Student learning outcomes after the jigsaw activity

We found that ten students fully integrated SBF understanding and eleven students did so partially. Eleven
students indicated the understanding of a single part ofa learned document and three did not sufficiently learnany
piece of SBF. Chi-square analysis of student frequencies across three types of learning outcome (fully or partially
integrated, the single document, or no understanding) showed significance (%= 13.944, df=2,p <.05), and that
the proportion of students having integrated SBF understanding was higher than students with no understanding.
These results suggest that the jigsaw activity in practice facilitated student integration of knowledge through
collaboration, but group differences remained in the learning outcomes.

Group differences in collective knowledge advancement between high- and low-

outcome groups

Based on the SBF framework evaluation of conceptual understanding, we categorized twelve groups as high or
low learning-outcome groups. In the high learning-outcome groups, all members acquired fully or partially
integrated conceptual understanding of documents. Low-outcome groups were mixed in their understanding.
Figure 3 shows the transitions oftotal values of degree centralities. The total value of degree centralities represents
how dense and structured a network (of words in this case) could be. This measure has been used as a typical
index to detect collective knowledge advancement (e.g., Oshima et al., 2012). We found that the values quickly
increased then finally exceeded 10.0 in the high-outcome groups, whereas the values stayed low and slowly
increased across discourse exchanges in the low-outcome groups. The results suggest that students in the high-
outcome groups engaged in collective knowledge advancement more quickly and sustainably.

High Learning-Outcome Groups [N = 3) Low Learning-Outcome Groups (N =9)
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Figure 3. Transitions of Total Values of Degree Centralities Through Discourse Exchanges
by High Learning-Outcome (left) and Low Learning-Outcome (right) Groups.

We further analyzed segments of student discourses for clarifying how they engaged in collective
knowledge advancement. We first present one example of discourse segments by a high learning-outcome group
(The original discourse was in Japanese and translated into English by the first author. SSNA vocabulary is in
bold.).

Student A (156) So, what did we say? They are trapped and broken into smaller pieces, and

their antigenic information is transmitted to helper T cells. Next, helper T
cells emita substance called cytokine.

Student B (157) Cytokine?

Student A (158) Yeah, cytokine. Oh, you [student B] put this [cytokine] down twice [on the
worksheet].

Student B (159) Twice?

CSCL 2017 Proceedings 61 © ISLS



Student A (160)

Student B (161)
Student A (162)

Student B (163)
Student A (164)
Student C (165)

Student A (166)

Student B (167)
Student A (168)
Student B (169)
Student A (170)

Student B (171)
Student A (172)
Student B (173)
Student A (174)

Oh, never mind. Just put down “cytokine.” This is emitted. Then, draw an
arrow from T cell to B cell, please. [Student A told B to draw an arrow on
the worksheet.]

T and B?

I wonder how we can describe this... Well, T cells propagate. Would you
[student B] shorten the space here [pointing at an area in the worksheet] a
bit?

Propagate?

Yeah, T cells do propagate.

Wait a minute. How about memory T cells? Are they part of the activated
cells?

T cells propagate. Then, how about these [B cells]? These [B cells] create
antibodies.

... create antibodies.
and, some will become immunological memory cells,
Immunological?

Immunological memory cells. Here, look [at a picture in their documents].

Some of them remain as immunological memory cells. Then, we go to the
secondary response.

The secondary response?
Through the secondary response, when viruses come into our body...
OK, they come into us.

I wonder if we have to make two lines here [pointing an areain the
worksheet], too. Immunological memory cells react to the viruses. T cells
also react to them. T cells then become killer T cells. Killer T cells
propagate. On no, we need more space [in the worksheet] to write this
down... Then, this [B cells] emits antibodies to antigens. This is called
antigen—antibody response.

From the perspective of shared epistemic agency, students mostly engaged in creating shared
understanding of how the immune system works. Student A played a central role in externalizing shared
understanding through monitoring confirmation by others (B and C). Student B had the role of recording their
ideas on the worksheet, and so frequently revoiced student A’s externalizations (turn #159, #161,#163,#167,
#169,#171, and #173). Student A interacted with B to co-create an external knowledge object in the worksheet.
In contrast, student C had the different role of going beyond just creating shared understanding to generative
collaborative actions by up-taking student A’s argument (turn#165). Student C might attempt to improve student
A’s idea based on self-understanding by asking important questions from a different perspective (e.g., “Wait a
minute. How about memory T-cells?”). Within this discourse segment, students A and C were more engaged in
generative collaborative actions, whereas student B was engaged in creating shared understanding. Students A
and C revealed fully integrated understanding in the post-testand B did partially integrated.

The next example is from a low-outcome group. They were discussing how to write their ideas on their
iPad. They did not use their worksheet we introduced.

Student E (63): So, what’s next? We acquire immunity systems. [looking at a picture in their
documents]

Student D (64): We learned two immuni ty systems.

Student E (65): Yeah, cell-mediated immunity and humoral immunity around here?
[pointing an area in a picture]

Student D (66): Humoral immunity.

Student E (67): Humoral immunity. We have to make a sentence.

Student F (68): Yeah, we should.

Student E (69): So, when something like viruses comes into our body, -
Student D (70): Yes.
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Student E (71): Macrophage and white blood cells capture and decompose the antigens like
viruses. This is the innate immunity system.

Student D (72): This is the most..

Student E (73): This is the most primitive and works a lot in our body. Sounds good [to
others]?

Student D (74): Let’s go on.

Student E (75): Uh,

Student D (76): Why do not we just follow this [picture in their studied document]?
Student E (77):  agree. So, we see “extinction” here. [pointing on an area in the document]
Student D (78): We do not mind how to say. How about “extermination”?

Student F (79): Shall we copy them? Just like them?

Student D (80): Can we use arrows in writing on the Pad? [typing on an iPad]

Student E (81): We can go from the left to the right. So, this should be the first.

Student D (82): OK, this is the first.

On the contrary to the high learning-outcome group, students in this low learning-outcome group could
not sustain their shared epistemic agency during collaboration. In lines #63—#73, they engaged in creating shared
understanding. They were collaboratively constructing sentences for their explanatorydiscourse. Their discourse,
however, was digressed from their shared epistemic agency by student D’s turn (#76 “Why do not we just follow
this [picture in their studied document]?”’). Student D proposed to transform the epistemic goal of their
collaboration into the performance goal, and this proposal was quickly accepted by the other students (#77 and
#79). Students D and E attained single-document understanding and F did partially-integrated in the post-test.

Discussion

SBF assessment revealed that our design of student collaboration was partially successful in facilitating conceptual
understanding. Significantly, most students succeeded in acquiring integrated SBF understanding, but more than
ten students did not. At the group level, we found large group differences in learning outcomes. Only three groups
revealed integrated conceptual understanding among all group members. In the other nine groups, some acquired
integrated understanding while others attained single-document understanding or none. These results suggest
group differences in collective knowledge advancement and individual differences in engagement in shared
epistemic agency.

SSNA clearly demonstrated group differences in the collective knowledge advancement. In the high
learning-outcome groups, students quickly engaged in advancing their knowledge and sustained it. In contrast,
students in the low learning-outcome groups were slow starters. They did not discuss their ideas by linking one
another and did not reach the high level of consolidation of ideas. Our analysis of group discourse in jigsaw
activity supported the results from SSNA. For fully integrated SBF students in the high learning-outcome group,
the knowledge object was a basis for generative collaborative actions by monitoring others’ ideas. Neither directly
operatedthe object, but instead monitoredthe inscription. In contrast, for another partially integrated SBF student,
the same knowledge object was a product for creating shared understanding. That student was totally responsible
for creating the product, and so had to devote mental power toward correctly inscribing ideas through frequent
revoicing. This difference in knowledge object-oriented actions came from co-regulation and socially shared
regulation. Collaboration by two fully integrated SBF students was socially shared, whereas a partially integrated
SBF student was co-regulated by another student.

Through examination of student collaboration in jigsaw instruction from the knowledge-creation
perspective, we found how students engaged in collective knowledge advancement when successfully acquiring
deep conceptual understanding. As the preceding research (e.g., Damsa, 2014 ) suggests, epistemic agency played
a key role in successful collaboration. A new finding suggested in this study is interaction between epistemic
agency and multi-layeredregulatoryprocesses incollaborationmediated by knowledge objects. For every student
to engage in productive collaboration, the knowledge object shouldbe the basis for further epistemic actions. How
to produce and share knowledge objects could be further designed from the perspective of regulatory process in
collaboration for productively stimulating student epistemic agency.
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Abstract: We introduce rechnology-mediated teacher noticing (TMTN): a vision for the
design and use of technology-mediated tools that takes seriously the need for teachers to
attend to, interpret, and respond to their students’ thinking. This vision is situated at the
intersection of research on teacher noticing, and on technology to support student thinking.
We synthesize that work to highlight specific ways that technology-mediated classroom tools
can focus and stabilize teachers’ attention on valuable aspects of student thinking emphasized
by current reform efforts. We then illustrate TMTN with classroom examples in which
technology supported or obstructed teachers' attention to student thinking, and consider
implications for research on technology in teacher practice, professional development, and the
design of technological tools for K-12 classrooms.

Objectives

Educational technology has exploded over the past few decades, and many tools have been created to help
students think deeply about disciplinary concepts. In many cases these tools have been shown to further student
learning, conceptual understanding, efficacy and affect, and motivation. In short, if used productively within a
broader classroom culture of inquiry these tools have the power to transform student learning.

Educators often argue that curricular materials are created for teachers as much as for students (e.g.,
Ball & Cohen, 1996). Yet this idea has not carried over to discussions of technological tools for classroom use.
While some research has looked at how such tools can reveal and support student thinking in a given domain,
the primary focus has been the students’ experience. The teacher’s contribution to student learning within such
environments is often treated as an afterthought. More research is needed that explores teachers’ role in
facilitating student learning while using technologically mediated tools, especially in specific content domains;
and more attention is needed in educational technology design to supporting teachers in noticing, attending, and
responding to core disciplinary aspects of students’ thinking.

Much work that explores teachers’ use of technology (e.g. Mishra & Koehler, 2006) focuses on
teachers’ use, non-use, or competency with technology in general, or their beliefs about how and when to use
technology. Other work explores how teachers design or modify curricula based on feedback from systems (e.g.
Kali, McKenney, & Sagy, 2015). However, this focuses on evaluation—whether students answer correctly—and
backgrounds the substance of student thinking, which can include productive ideas on which teachers can help
students build. In contrast, we are interested in exploring how teachers can use technology-mediated tools to
notice new and different aspects of their students’ thinking in ways consistent with reform efforts and
standards—for example, by supporting teachers’ attention to reasoning about mechanism in science (NGSS,
2013), or pattern in mathematics (CCSS-M, 2010). In this paper, using classroom data for illustration, we argue
that (i) designers and researchers of educational technology have not foregrounded supporting or studying the
teachers’ noticing of substance of student thinking as mediated by technological tools, but (ii) such fechnology-
mediated teacher noticing (TMTN) should play a role in teacher professional development, research on
classroom teaching, and the design of technological tools for classroom use.

Related work

In mathematics and science instruction, teacher noticing of the disciplinary substance of student thinking is
critical for student learning (Schifter, 1998; Franke, Carpenter, Levi, Fennema, 2001; Carpenter, Fennema,
Peterson, Chiang & Loef, 1989). Therefore, both teacher professional development and curricular design have
aimed to support teacher noticing (Sherin & van Es, 2009). However, teacher noticing has yet to influence the
design, study, and implementation of technological tools in the classroom. Here, we briefly review the literature
on teacher noticing/teacher responsiveness, and on the design and use of technological tools to support student
thinking. Then we investigate the intersection of these two literatures, to situate and inform our notion of
technology-mediated teacher noticing.
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Teacher noticing and responsiveness

A growing literature focuses on teachers’ noticing of, attention to, and responses to the substance of student
thinking (Sherin, Jacobs, & Philipp, 2011). In math and science, researchers and professional developers
generally value noticing/attention that seeks to interpret rather than just evaluate students’ ideas, and that attends
to details of individual students’ ideas rather than just general abstractions of “what the class was
thinking.” However, the seeds of productive disciplinary thinking that teachers can notice and nurture vary by
discipline, e.g., productive intuitions about motion and causal reasoning in physical science; precursors to the
concept of “variable;” and generalizing patterns from instances in algebra. Partly for this reason, both research
and professional development focused on teacher noticing has generally been discipline- and even sub-
discipline-specific (e.g., Star & Strickland, 2008). By contrast, work focused on teachers’ use of technology
explores teachers’ general use of technology, not attending to the disciplinary context of its use (Voogt, Fisser,
Pareja Roblin, Tondeur & van Braak, 2013).

Existing tools that focus on student thinking or on teachers’ tracking of student

progress

A number of tools exist that allow teachers to analyze their students’ performance and reflect on curricular and
instructional interventions (Rich & Hannafin, 2009). Dashboards and ambient displays provide visualizations of
student progress on activities (Clarke & Dede, 2009; Phillips & Popovic, 2012), and help teachers determine
where to direct help (Alavi & Dillenbourg, 2012; Borner, Kalz, & Specht, 2011; Slotta, Tissenbaum, & Lui,
2013). Some environments use data mining and analysis to lend insight into student competencies and needs
(Gobert, Sao Pedro, Raziuddin, & Baker, 2013), or to guide teachers in assessing student knowledge (mCLASS;
Amplify, n.d.). Other technology-mediated tools for classroom use offer supports to guide teachers’ attention to
student learning (Williams, Linn, Ammon & Gearhart, 2004), and provide data on student performance to
inform the adaptation of curriculum (Matuk, Linn, & Eylon, 2015). Though useful for tracking student progress
toward correct understandings, these tools do not focus on highlighting the disciplinary substance of individual
students’ thinking.

Other tools, designed with student users in mind, are intended to amplify reasoning and make thinking
visible to peers and researchers. Interactive galleries and collaborative tools allow students to share and build
upon one another’s work (Scardamalia & Bereiter, 1994). Interactive mathematics environments and scientific
modeling tools provide students with new representational systems and modes of interaction for expressing and
exploring ideas (e.g. SimCalc; Geogebra; Boxer; NetLogo; a long tradition of research has modeled student
reasoning with such tools; Williams, Linn, Ammon, & Gearhart, 2004; diSessa 2001; Papert, 1980; Simpson,
Noss & Hoyles, 2005). However, the majority of such work has focused on student knowledge and interactions,
rather than on teacher practice.

Our interest in technology-mediated teacher noticing contributes to this existing work a complementary
view of what counts as “successful use” of such technologies by teachers. For most teacher-directed tools,
success is marked by successful implementation or improved student performance on activities. For student-
directed tools, it is deep engagement with discipline-specific content and practices. What we are interested in is
active teacher engagement, within the context of planned classroom activity, to those disciplinary aspects of
student thinking that are amplified and made available for observation through the use of technology-mediated
tools.

Theoretical framework and driving questions

We argue there is untapped opportunity for technology to mediate teacher noticing in the classroom.
Technology-mediated tools are increasingly a part of classroom practice, and can make student thinking visible
by “..afford[ing] a view of the meaning-making process... a screen on which learners can express their
thinking... the chance to glimpse the traces of their thought” (Noss & Hoyles, 1996, p. 6). Furthermore, the types
of student thinking expressed in these media often reflect those that are emphasized by current educational
reforms (Table 1) but that teachers often do not elicit and build upon. While technology is not a prerequisite for
supporting these types of reasoning, research has shown that certain tools can foreground, stabilize, and
highlight them.
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Table 1: Examples of technology-mediated tools that emphasize disciplinary thinking in mathematics and
science.

Aspect of Example & Related Research Tools Connection to Reform Efforts
Reasoning
Dynamicity Students notice invariant relationships in a geometric | Geogebra | CCSS-M “Look for and make
construction and work to describe and explain it. use of structure”

(Jones, 2000; Mor et al., 2006)

Use of Linked Students coordinate information displayed across SimCalc, | NCTM “Select, apply, and
Representations linked tables, graphs, algebraic expressions, and other | MiGen translate among mathematical
representations to confirm/explore their understanding representations to solve
of a relationship. problems”
(Smith, diSessa, Roschelle, 1994; Hegedus & Kaput,
2003)
Emphasis on provided in Evidence & Analysis section below NetLogo, | NGSS “Constructing
Mechanism (Blikstein & Wilensky, 2009; Sherin, 2001; Wilensky | Scratch explanations”
& Reisman, 2006)
Exploration of Students conduct investigations of varying WISE, NGSS “Planning and Carrying
Complex Systems | systematicity within simulation environments PhET Out Investigations”

(Hmelo-Silver, Liu, Gray & Jordan, 2014; Jackson,
Stratford, Krajcik & Soloway, 1994; Sao Pedro,
Gobert, & Betts, 2014)

Attending to technology-mediated forms of teacher noticing yields many questions ripe for exploration.
For instance, what are features of technology-mediated tools that draw teachers’ attention to specific
disciplinary aspects of student thinking important for a given domain of study? How can teachers learn to look
for key student thinking practices, such as those outlined in the CCSS-M or NGSS, through the lens of
technology-mediated student work? What are mechanisms that can be embedded in technology to allow aspects
of student thinking, that otherwise might be hidden, to rise to the forefront?

Evidence and analysis

Here we present two vignettes that exemplify productive and unproductive instances of TMTN, to illustrate its
relevance for research, professional development, and technology design. The first episode comes from a whole-
group discussion in a fifth grade science class in an urban rim public school. The school serves a diversity of
students with respect to socioeconomic background, ethnicity, and special education status, and the school’s
demographics were roughly represented in the classroom from which these vignettes come. The
classroomteacher had attended a teacher certification program that was explicitly focused on noticing and
responding to student thinking. Students had worked in small groups to create animations and simulations of
evaporation. They were now sharing and critiquing their work. In the excerpt below, the classroom teacher
encourages students to describe specific computational rules they used in their simulation, and what those rules
represent about evaporation as a scientific phenomenon. He connects those rules and interpretations to
conversations he observed among student groups earlier during the activity.

Teacher What do we think guys? What do we think about this, this simulation, this
representation of it? Sheree?

Sheree I think it represents when the sun evaporates the water, um the clouds they start to
make new ones because of the water vapor.

Edgar I think it represents because the water droplets are going up, and then the clouds
are getting bigger and bigger because all the water's up, then when it gets full it
[gestures down].

Teacher Ok, and that's the next step if this simulation were to keep going it would probably
show that.

Miles I think it's just like the water droplets are going up, and then it's just gonna get
bigger and bigger and then it's gonna like start getting ready to-

CSCL 2017 Proceedings 67 © ISLS




Alan I think they're trying to represent that the water vapor forms new clouds, like more
clouds.

Teacher I'm even seeing something, I'm trying to remember if this came up in this class or
the other class, like, when there's evaporation, and it goes into the air, does it form
its own new clouds, or does it add on to the clouds that are already here? So it
seems, from what we see here it seems to be adding on to clouds that are already
there. That idea was kind of floating around in this room too.

In this excerpt, available functions within the simulation environment such as changing the size of an
object or cloning an object focused both teachers’ and students’ attention on describing potential mechanisms
within the represented scientific system (clouds “get bigger” when “full” with water, versus water vapor
“forming” clouds by “making more”). These functions lent a shared language to the activity, and allowed the
teacher to highlight and connect different student ideas about mechanism.

Our second episode features a small group of students working with the same teacher and tool, this
time earlier during the unit to build their simulation of evaporation. However, this time the constraints of the
tool blunted conversations about mechanism, focusing the teachers’ attention on what was possible to represent
in the simulation rather than students’ ideas about evaporation.

Ryan Then when it [water droplet] hits it [cloud], the clouds are gonna like get bigger.

Teacher Oh wait sorry, say that again Ryan?

Ryan When it hits is, um, it's gonna get bigger

Teacher When it hits the cloud, the cloud should get bigger?

Ryan Yea. I don't know if we can do that

Teacher Yea, that might be, so let's think what's uh

Luis No, like when it gets like when it touches the cloud the water droplets like go
away.

Teacher So they should disappear?

Luis [Nods]

Teacher So what commands, or sorry what rules do we have to give to this water droplet to
have it disappear the way you want it to?

In this case, the teacher’s preoccupation with which commands were available to use in the software
impeded his noticing and drawing out students’ conceptual ideas (clouds “containing” water and droplets being
“absorbed” or going away).

We emphasize here that what the teacher is attending to is manifested in the moment and through the
technological media. In the first case, the media help make evident the persistence and development of student
ideas over time. In the second, noticing of student thinking is obstructed, in favor of attention to practical
constraints within the software. In both cases, the teacher must interpret student thinking as mediated by the
available tools, and choose what aspects of that thinking to elaborate and act upon.

Scholarly significance

The work started in this paper helps shed light on the ways technologically-mediated tools can foreground or
background student thinking. Moving forward, we will continue to explore cases that help us understand what
features of these tools help expose student ideas to teachers and help teachers make sense of these
ideas. Ultimately this insight will help inform the development of professional development, classroom tools,
and research methods that can support teaching practice in technology-rich spaces.
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Girls’ Interest in Computing: Types and Persistence
Michelle Friend, University of Nebraska Omaha, mefriend@unomaha.edu

Abstract: This paper examines interest development through a longitudinal study of young
women who had extensive middle school computer science experience. A repeated measures
survey was conducted at the end of high school and results compared from the end of middle
school to the end of high school. For girls who had developed an interest in a computing
career by the end of middle school, interest in computing increased. Aspirational expressions
of'interest, defined as stating an interest in computing, were highly correlated while embodied
expressions of interest, defined as engaging in computing activities such as classes, clubs, or
hobbies were generally not correlated. Participants appeared more definite in their attitudes
towards computing by the end of high school, particularly interest in computing as a career
and college major, than they had at the end of middle school.

Introduction

It is well-documented that women are underrepresented in computing, as early as middle school through the
workforce (NCWIT, 2016). Economists and computer scientists have long made a case that in an increasingly-
technological world, there is an increased need for well-prepared high-tech workers; women could fill these
jobs. Further, diverse teams create higher quality products (Ashcraft & Breitzman, 2012), speaking to notonly a
social justice motivation for increasing diversity but also an economic one.

Speculation on the role of early experience in developing students’ interest in computing, particularly
engaging underrepresented populations such as women, is rampant. On the one hand, it is widely perceived that
early experience is important, and so clubs, camps, and programs to introduce children, especially girls, to
computing proliferate (e.g. Adams, 2010; Ericson & McKlin, 2012). At the same time, little work has been done
to understand the long-term effects of these early experiences. While some programs do engage in high quality
program evaluation, longitudinal follow-ups are challenging for informal programs who may have no
meaningful way to track students after the program ends. Further, while engaging workshops and camps
certainly can stimulate situational interest described in the Four-Phase Model of Interest Development (Hidi &
Renninger, 2006), a short experience may not be enough to sustain the transition to individual interest, though it
may inspire a student to seek out learning opportunities (Barron, 2006). School environments may be better
suited to support interest development due to the opportunity for repeated re-engagement with the topic required
ina course.

At a time when the “CSForAll” movement is gaining traction in providing computer science courses in
schools across the U.S. it is crucial to understand the implications for interest development. On the one hand,
providing computer science classes inall schools can provide access and opportunities for students to discover a
new passion(Ainley & Ainley, 2011). On the other hand, one lesson of “school science” is that class experiences
disconnected from the inspirational features of “real science” may diminish students’ interest (Osborne, Simon,
& Collins, 2003). It is critical to understand the long-term implications of compulsory school-based computer
science courses on students’ long-term interest.

This paper reports on a longitudinal study of girls who attended a middle school where computer
science courses were mandatory. Students were initially surveyed at the end of eighth grade, then re-surveyed at
the end of high school/beginning of college. This paper is descriptive, examining the changes in students’
attitudes about computing, as well as differences in their experiences. It examines the long-term effects of early
experience and career interest on engagement and continued interest.

Context
This study took place in Silicon Valley, among girls who had attended an all-girls school. Silicon Valley, home
to Apple, Google, and myriad other tech companies, celebrates computing and technology. Further, this study
took place as interest in computing took off, with record enrollment at the college level and increased funding
for tech startups regularly making the news. While the stereotype of computing as nerdy and unrewarding
persists, the temporal and geographical context of this study, in which computing was seen as financially and
socially rewarding, make it unique.

The participants in the study were recruited from a girls’ middle school (grades 6-8) where computer
science was mandatory for all students in all years. The potential stigma of engagement in traditionally
masculine disciplines is removed in a single-sex environment, as everyone doing math, science, and computer
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science is a girl. Many of the confounding factors described in other research, such as boys taking over the
keyboard or boys dominating class discussions to the detriment of girls are not issues in single-sex
environments. Research has demonstrated that the positive effects of single-sex education persist after women
return to coeducational settings, as they take on more leadership roles and have higher confidence than their
peers who have attended only coeducational schools (Sax, Riggers, & Eagan, 2013).

The school provided female role models, as all computer science teachers during this study were
women. One was a young, blonde engineer; one a pierced & tattooed young computer scientist; and one an
older MIT graduate whose own daughter had previously attended the school. Further, the computer science
curriculum was designed to be engaging. It was a breadth-based approach, including robotics, web design,
programming with Python and Scratch, database design, animation, as well as deeply conceptual topics such as
ethics, information flow, object-oriented design, etc. The school had a one-to-one laptop program, and thus
technology use was spread across all classes, with students using word processing in all classes, Excel and other
programs for science data collection and analysis, and various math applications to examine algebraic functions
and other topics.

The setting should be ideal for sparking girls’ interest in computing — project-based hands-on
curriculum, positive stereotype-busting message about computing, female teachers to act as role models,
extensive experience and message of competence and mastery, and the larger setting of Silicon Valley where
technology careers are celebrated.

Research questions
This work was guided by the following research questions:

e How does computing interest vary over time between girls who were open to computing careers at the
end of middle school and those who were not?

e Are there differences between the expressions of interest as career interest, interest in computing
generally, level of engagement in computing experiences, and plans to engage in future computing
experiences between the two groups?

Method

Setting and participants

This paper reports on the findings from 40 young women who took surveys on computing attitudes and
experiences at the end of middle school and again at the end of high school. Participants had attended a private
girls’ school in Silicon Valley, California, USA, where computer science is arequired course for all students all
years. This provided a baseline of unusually high computing experience.

Following middle school, the students dispersed to a variety of high schools. Most attended high school
at area public (r=26) or private (n=10) schools. While the effects of high school configurations and offerings
were of interest, the population was determined to be too small to make any claims, and this line of inquiry is
left to future work.

For this longitudinal follow-up, participants from the first study were asked to participate in a follow-
up survey approximately 3.5 to 5 years after the first data collection, during either participants’ senior year of
high school or freshman year of college. This paper reports on data from the 40 participants who completed
surveys at both time points.

Procedure and instrument

The survey was based on an existing survey on interest, access, and experience with technology (Barron, 2004;
Friend, 2015). The survey distributed in eighth grade is lengthy and covers not only topics related to computing
but to technology broadly. The middle school survey was distributed by paper in school during the students’
final days of eighth grade. For the longitudinal follow-up, a shortened version was distributed through a web
form. Most of the questions are repeated measures and were identical in both surveys. In a few cases, questions
were included or updated to reflect participants’ life position (e.g. middle school or high school) as described
below.

Measures

Measures were repeated between the two surveys, updated as necessary to reflect participants’ changed context.
In other words, while the middle school survey asked about high school plans, the high school survey asked
about college plans. The followingis a brief description of each survey construct analyzed below.
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Career interest

One question asked students if they could see themselves becoming “a computer programmer or engineer of
some sort” and was used to measure interest in a computing career. This question was used to group the students
into a “CS Career” group who were open to a computing career and a “No CS Career” group who were not. The
groups were created following the middle school survey: those who indicated they “definitely” or “probably”
could not see themselves as a programmer or engineer of some sort were put in the “No CS Career” group and
those who indicated they “maybe”, “probably”, or “definitely” could see themselves as a programmer or
engineer were in the “CS Career” group. Once assigned to a group, based on the middle school survey, group
membership was maintained independent of a participant’s response to the question in the high school survey.

Computing interest

Four questions measured each student’s express statement of interest in computing: “I would like to learn more
about computers”, “Computers are interesting to me”, “Learning about what computers can do is fun”, and “I
like the idea of taking computer classes.” Responses were averaged for a single measure of computing interest.

Future plans

Two measures were developed to investigate participants’ future plans to engage in computing: interest in
majoring in computer science, and interest in future learning about computing. To determine interest in a CS
major, the survey asked to what extent participants could see themselves majoring in computer science in
college. Interest in future learning was measured through several questions about to what extent participants
could see themselves participating in a variety of experiences around computing. These included taking more
classes about computers, taking a class on programming or web design in the next step of their academic career,
enrolling ina computer summer program, or “learning about” programming, hardware, simulations, or robotics.

Experiences
Participants were asked how much they had engaged in various computational experiences. In the middle school

survey, the question asked how many times they had ever done the activities; in the high school survey, the
question asked how many times they had done the activities in high school, in order to distinguish continued
participation after middle school.

Classes: Students were asked how many computer science classes they had taken at school.

Clubs: Students were asked how many technology-based clubs such as First robotics they had
participated in.

Hobbies: Participants were asked how much they had done each of thirteen computational activities.
Examples of activities included making a robot, designing a 2-D or 3-D model, or making a web site. In the
eighth grade survey, one of the activities was “created your own newsgroup, blog, or discussion site on the
internet.” In the high school survey, this question as replaced with “used a makerspace at school or elsewhere”
because of the increased prevalence of Maker Spaces in the area, and extent to which creating a newsgroup or
blog is no longer a computational activity. “Hobbies” represented the number of activities a participant
indicated she had engaged in six or more times. To have engaged in a single activity so many times would be
more than required by a class, and therefore represents an act of volition such as joining a club or engaging in
the activity in their free time, therefore it is considered a computational hobby.

Analysis
Following the middle school survey, participants were grouped for analysis based on their response to the
question about seeing themselves as a programmer or engineer. The “CS Career” group responded they
definitely, probably, or maybe could see themselves as a programmer or engineer in the future. The “No CS
Career” group responded that they could probably or definitely not see themselves as a programmer or engineer.
For the purposes of this paper, participants were kept in the same group. Thus, the “CS Career” grouping
represents whether participants had CS career interest following middle school.

Repeated measures analysis was used to compare outcomes between the two groups (O’Brien &
Kaiser, 1985).

Findings

Career interest
Responses to the question about whether a participant could see herself becoming a programmer or engineer
formed the main grouping variable for analysis, as described above. A chi squared test of independence was
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highly significant (X? = 13.7, p < .001), demonstrating that group membership in middle school was strongly
associated with group membership in high school. Seven participants had high school responses that would have
resulted in a different career group, as summarized in Table 1. The five participants who had been open to a CS
career in middle school and could no longer see themselves as a programmer or engineer had all responded
“Maybe” on the original study, so not a large change in attitude. Of the two participants who became open to a
computing career, one moved from “probably not” to “maybe” while the other showed substantial increase in
interest from “probably not” to “definitely yes.”

Table 1: Interestina programmer/engineering job by time

Middle School
CS Career No CS Total
Career
High CS 8 2 10
School Career (25%)
No CS 5 25 30
Career (75%)
Total 13 27
(33%) (67%)

The distribution of responses on the five-point Likert scale are shown in Figure 1. Participants appear
more decisive in their feelings about a computing career by the end of high school — the majority who had been
neutral to mildly negative had moved into rejecting the idea more completely, while those who were open to a
computing career had become more positive about it.

| can see myself as a programmer or engineer

20-
154
time
| I
ol I | |
1 2 3 4 5

Agreement

Number of students

Figure 1. Programmer Career Interest.

Computing interest

As described above, while the participants were grouped by their openness to a computing career, interest in
computing more broadly was also interrogated. “Interest” measures each participant’s response to explicit
questions about her interest in computing, such as “learning what computers cando is fun.”

As shown in Figure 2, there is a significant difference in interest between the two groups. A paired t-
test onthe CS Career group shows an increase in interest between middle and high school (#(12)=2.16,p =.05)
while the No CS Career group does not (#(26) = .70, p = .49). To further investigate, a repeated measures
ANOVA was run, which shows a main effect of group (F(1, 38) = 15.59, p <.001) and a main effect of time
(F(1, 38) = 4.24, p=.046), but no interaction (F(1, 38) = 1.52, p = .225). This suggests that girls who were
already interested in computing increased interest during high school, but for girls who were not open to a
computing career, their interest in computing is relatively unchanged.
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Figure 2. Change in interest by group.

Future plans
Beyond asking directly how interested participants are in computing, the survey also indirectly measured
interest through asking about participants’ future plans to engage in computing. Future plans were measured
both by asking to what extent participants could see themselves majoring in computer science, and also their
plans to participate in computing in less formal ways, such as taking classes and learning independently.
Participants in the CS Career group were more interested in majoring in CS (HS M=2.85, SD = 1.46)
than participants in the No CS Career group (HS M=1.56, SD=.89), a trend that did not change over time:
repeated measures ANOVA shows a main effect of group (F(1, 38) = 34.88, p <.001) but no effect of time or
interaction between time and group. There was high variance in the responses, particularly in the CS Career
group. Figure 4 disaggregates the CS Career group responses and suggests that individuals are becoming more
decisive in their consideration of a CS major, whether positive or negative.

CS Career Group Responses
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Figure 3. Openness to a CS Major for CS Career group.
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In contrast to participants’ inclination to major in computer science, their plans to continue learning
more about computing and computer science continues to be high. Repeated measures ANOVA shows a main
effect of group (F(1, 37) = 24.86, p < .001) but no interaction nor main effect of time. In other words,
participants in the CS Career group have more intention to continue learning about computing than their No CS
Career peers both in middle school and in high school, and neither group changes intention over time.

Experiences

While stating that one is interested in a topic, even interested in pursuing it in the future, is one measure of
interest, another important factor in interest development is the enactment of that interest through engaging in
activities related to the interest. The high school survey inquired into whether students had taken CS classes or
joined clubs relating to computing. The middle school survey had not asked about these topics because all
students were required to take computer science classes all years and few clubs were offered due to the small
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size. Both surveys inquired into the depth of participants experience with a variety of computational activities
such as creating web sites, digital art, and programming.

Two participants in each group had taken three or more CS classes in high school. While most
participants in the CS Career group had taken a CS class (n=8, 62%), most participants in the No CS Career
group had not taken CS in high school (=19, 70%). However, a t-test comparing the groups was not significant
(1(20)=1.5,p=.14).

The results were similar in terms of joining computing clubs. The vast majority of participants in the
No CS Career group had not joined any computing clubs in high school (n=24, 89%), while a smaller majority
of the CS Career group had not joined computing clubs (n=7, 54%). As before, a t-test indicated no significant
difference between the groups’ on joining computing clubs (#(15.9)=1.79, p=.09).

Participants were asked about how often they had engaged in each of thirteen activities, and the
number of activities where they indicated they had re-engaged more than six times were counted and considered
a digital hobby. For example, a student who had created more than six web sites, more than six pieces of digital
art, and more than six robots would have three digital hobbies.

There was incredible variation in the number of participants’ digital hobbies, with few trends. Repeated
measures ANOVA showed no main effect of time or group and no interaction. A histogram of the responses is
shown in Figure 4. In both groups, many participants have fewer hobbies in high school than they did in middle
school. Although on average the number of hobbies demonstrated by participants in the CS Career group
decreases from middle school to high school, the number of participants reporting no hobbies decreases, from
four to one. It would be expected that participants who were interested in a computing career would have
computational hobbies. By contrast, it would be expected that participants who were uninterested in a
computing career may not have computational hobbies. Thus, it is notable that a substantial number of
participants did have digital hobbies. Of particular notice is the number of people who had four or more hobbies
in middle school — including the participant who had seven hobbies.
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Figure 4. Number of computational hobbies by group and time.

Relationships between expressions of interest

In order to understand the relationships between the different expressions of interest, not just through the lens of
career interest, but across all expressions described above, correlations were calculated, as shown in Table 2.
These are correlations of the results from the high school survey.

Table 2: Relationship between variables

Career Interest Major Learning  Classes Clubs
Comp. Interest SyHHE
CS Major JOFF* SgHE
Future Learning JJ3HEE Wk TgEHE
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HS CS Classes 36%* .06 .09 .00

Clubs S50%* 27 30 41%* 29

Hobbies 36* 14 .18 14 A47%* 2
*p<.05,**p<.01,***p<.001

Aspirational expressions of interest — defined as being opento a computing career, expressing interest
in computing, being open to a CS major, and being interested in learning more about computing in the future -
were all very highly correlated. Embodied expressions of interest — defined as engaging in activities that would
demonstrate that interest: taking classes, joining clubs, or having computational hobbies - were generally not
strongly correlated with aspirational expressions of interest. One exception is computing career interest, which
was moderately correlated with the embodied outcomes.

Discussion

To the extent that “computing interest” can be broadly conceptualized, the prediction would be that students
who express interest in computing would display that interest broadly, that they would not only agree with
statements such as ‘T am interested in computing” but would also engage in computing activities and would be
open to future opportunities. The results discussed here present a more complex picture of interest, in which
aspirational expressions of interest — stating that one is interested or would be willing to engage in the future —
are markedly different than embodied expressions of interest — actually engaging in the activity, whether by
taking courses, joining clubs, or engaging in computing as a hobby.

Within the aspirational expressions of interest, one notable result is the change in computing interest
expressed by the CS Career group, as shown in Figure 2. Not only did members of the group have a higher
interest in computing generally at the end of middle school, but their interest continues to growin high school —
independent of whether they engaged in computing activities. It appears that once girls are “hooked” on
computing, their interest may continue to increase even if they do not continue to engage in extensive
computing activities. This could be seen as an expression of individual interest, and that once participants had
developed individual interest their interest deepened from emerging to a more well-developed individual interest
during high school. Further investigation is warranted, both through investigating how participants understand
and conceptualize their interest in computing, but also whether this is an operationalization of individual
interest, such as identifying the relationship between participants’ identity with computing and expressions of
interest.

In terms of attitudes, participants appeared to become more decisive about their future plans during
high school. While a substantial number of participants were “maybe” or ‘probably not” open to a computing
career at the end of middle school, by the end of high school a much larger number were definite in their
response (see Figure 1). A similar trend occurred with participants’ response to majoring in computer science
(see Figure 3). This is not entirely surprising, as younger students may be open to more possible futures than
adolescents who are close to having to choose a path (Eccles, 2007). The finding that participants who were
more positive about computing careers at the end of middle school are more positive about majoring in CS at
both times echoes Tai, Qi Liu, Maltese & Fan (Tai, Qi Liu, Maltese, & Fan, 2006) and suggests that despite
their mixed engagement in computing experiences in high school they may go on to major in computing areas in
college and even continue to computing careers.

The mixed results in terms of participants’ high school experiences warrants further investigation. One
open question relates to the participants in the No CS Career group with high experience. The participants who
took many courses, had many hobbies, and joined computing clubs yet reject a future in computing are of
interest, to understand their choices. It is notable that this study took place in Silicon Valley, where computing is
prevalent and privileged. Further their middle school computer science experience included messages about the
utility of computing; these participants may have seen computing experiences as a vehicle to other goals.
Follow-up study is required to understand the meaning of this finding.

Perhaps the greatest area for future research is not explanatory, but one of generalizability. The sample
in this study is not only small but also quite unique, both in the general setting of Silicon Valley and also in the
particulars of graduates of a girls’ school with a mandatory computer science curriculum. Future research would
not only expand to schools in other settings outside of Silicon Valley but also other configurations of schools.
As an increasing number of schools are offering and even requiring computer science courses, finding schools
and students with high CS experience should become easier, allowing for comparison and generalization of the
findings.
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Conclusion

Implied in the introduction to this paper is the question of what will happen as school-based computing becomes
more prevalent. Will it, as hoped, increase students’ interest as they are exposed to a rich and engaging
discipline? Or will “school computer science” become like “school science” which in its drive to meet standards
and teach particular content may lose some of the excitement of discovery? This small study taking place in a
single context can only hint at some possibilities, but they are hopeful.

For girls whose interest can be aroused, once they are captured, they seem to maintain and even
increase their interest in computing. This is true even when they do not continue participating. One of the
implications of the discrepancy between aspirational expressions of interest (i.e. stating one is interested) and
embodied expressions of interested (i.e. doing the activity) is that it diminishes the importance of continued
opportunities in high school. One concern as computing experiences become more prevalent, particularly in the
form of camps and workshops for children, is that if children get excited about computing at a young age but
then have no opportunities for continued engagement such as high school classes or clubs that their interest will
diminish. The results of this study suggest that as long as the interest is more than marginal — if adolescents
express even a marginally positive interest — that the interest can be maintained even without the support of
school opportunities.
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Educational Technology Support for Collaborative Learning With
Multiple Visual Representations in Chemistry
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Abstract: Educational technologies have two features that can enhance collaborative learning.
First, they can provide collaboration scripts that adaptively react to student actions and prompt
them to engage in effective collaborative behaviors. Second, collaboration often involves mul-
tiple visual representations. But many students have difficulties in making sense of representa-
tions. Educational technologies can support students in doing so by adapting to how they con-
struct, interpret, and connect representations. We conducted a quasi-experiment with 61 under-
graduate chemistry students to test the effectiveness of an adaptive collaboration script that
prompts students to discuss visual representations. A control condition collaboratively solved
worksheet problems with multiple visual representations without a collaboration script. An ex-
perimental conditionsolved the same problems using an educational technology with the script.
The experimental condition showed significantly higher learning gains on a transfer posttest
and on complex questions on a midterm exam three weeks later.

Introduction

Educational technologies play an increasingly important role in undergraduate instruction in science, technology,
engineering,and math (STEM) (Freemanetal., 2014). One reason for this trendis that practice guides recommend
engaging students in authentic problem-solving activities to help them reason about concepts in the same way as
experts do (NRC, 2006). Educational technologies offer two key features that may make them particularly effec-
tive platforms for such problem-solving activities. First, because experts often solve problems collaboratively
(Kozma, Chin, Russell, & Marx, 2000), STEM instruction often involves collaborative activities (Freemanet al.,
2014). Educational technologies can provide adaptive support for collaboration, for example by providing collab-
oration scripts that adapt to student needs (Walker, Rummel, & Koedinger, 2009). Second, experts often use
multiple visual representations to solve problems (Kozma et al., 2000). Therefore, STEM instruction often asks
students to do the same. For example, chemistry students may collaboratively construct, interpret, and connect
ball-and-stick models (Figure 1A) and wedge-dash structures (Figure 1B) when they learn about isomers (i.e.,
chemical compounds made of the same atoms that differ only in the spatial arrangement of their atoms, which can
have dramatic effects on the properties of chemical compounds). Educational technologies can provide adaptive
support for learning with visual representations, for example by grading student-generated representations auto-
matically, by providing real-time feedback on students’ interpretations of the representations, and by prompting
them to connect multiple representations (Rau, 2016a; Seufert, 2003).

Consequently, combining adaptive support for collaboration with adaptive support for using visual rep-
resentations may significantly enhance students’ learning of content knowledge. The following brief review of
prior research shows that this question remains open because (1) research on adaptive collaboration scripts has
not focused on supporting students in making sense of visual representations, while (2) research on learning with
visual representations has mostly focused on individual learning.

To address this limitation, we conducted a quasi-experiment within a 3-hour lab sessionin an undergrad-
uate chemistry course. A control condition worked on a traditional version of an activity about isomers. Students
collaboratively constructed ball-and-stick models (see Figure 1A) and drew wedge-dash structures (see Figure
1B) on a worksheet. Students in the experimental condition worked on the same activity, except that they drew
wedge-dash structures using an educational technology that incorporated an adaptive collaboration script. The
script prompted students to collaboratively discuss mistakes they made in their drawings. We tested effects on
learning gains assessed with an immediate posttest and a midterm three weeks later.
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Figure 1. Physical ball-and-stick model (A) and wedge-dash structure (B). Each shows two chlorofluorometha-
nol isomers that have the same molecular formula but different 3d arrangement of the atoms.
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Adaptive collaboration scripts

Collaboration can significantly enhance students’ learning, but it is not always effective (Lou, Abrami, & d’Ap-
ollonia,2001). The effectiveness of collaborative activities depends on the quality ofinteractions among students.
They need to actively co-construct meaning, for instance by discussing divergent views and sharing information
rather than splitting the work (Miyake & Kirschner,2014). Students often fail to spontaneously engage in effective
collaborative behaviors (Lou et al., 2001).

Collaboration scripts provide an effective means to support collaboration by suggesting sequences of
interactions (e.g., analyze the problem, critique partner’s analysis, respond to critiques), posing questions for stu-
dents to discuss (e.g., do you understand the problem?), or prompting them to engage in particular behaviors (e.g.,
ask your partner to explain the rationale for the solution). Such collaboration scripts can significantly improve the
quality of students’ collaboration (Fischer, Kollar, Stegmann, & Wecker, 2013). However, results on students’
learning of content knowledge are mixed. Several studies found null effects on content knowledge—even if col-
laboration quality was improved (e.g., Stegmann, Weinberger, & Fischer, 2007; Walker et al., 2009).

The lack of evidence for the effectiveness of collaboration scripts for learning of content knowledge has
been attributed to the fact that they do not adapt to students’ needs for support. That is, scripts may provide too
much or too little support, or support at the wrong time (Rummel, Walker, & Aleven, 2016). Inadequate support
can have negative effects on students’ affect because they may perceive it as annoying or distracting (Rummel et
al., 2016). In contrast, human instructors adapt the amount, timing, and type of support to students’ state (e.g.,
current knowledge level) (Gweon, Rose, Carey, & Zaiss, 2006).

Educational technologies can make adaptive collaboration support scalable by tailoring collaboration
scripts to the students’ needs (Walker et al., 2009). At a technical level, adaptation is achieved by computational
model that detects the students’ needs in real time and formalizes the procedure for tailoring support to these
needs. For example, the model may infer the students’ current knowledge level from their action (e.g., an answer
to a problem). Based on the inferred knowledge level, the model can dynamically adjust the amount, timing, and
type of support the collaboration script provides (Magnisalis, Demetriadis, & Karakostas, 2011).

Thus far, evidence for the effectiveness ofadaptive collaborationscripts for students’ learning of content
knowledge is mixed (Magnisalis et al., 2011). While some studies show that adaptive collaboration scripts en-
hance students’ learning of content knowledge (Karakostas & Demetriadis, 2011), several studies have failed to
show that activities with adaptive collaborationscriptsare more effective comparedto activities with non-adaptive
collaboration scripts and compared to individual learning (e.g., Walker et al., 2009). We are not aware of studies
that compared adaptive collaboration scripts to collaborative activities without scripts.

Support for learning with visual representations

Many collaborative activities involve visual representations. Indeed, visual representations and collaborative ac-
tivities may mutually enhance one another. On the one hand, visual representations can enhance the quality of
collaboration. Visual representations allow students to externalize their reasoning, which can reduce cognitive
load in the group (Kirschner, Paas, & Kirschner, 2010). Further, externalizing reasoning through visual represen-
tations can help the group reach a consensus about how to explain a complex concept or how to solve a task
(Suthers & Hundhausen, 2003). On the other hand, collaboration can enhance students’ ability to make sense of
visual representations. When working individually, students often fail to spontaneously reflect on their under-
standing of visual representations (Ainsworth, Bibby, & Wood, 2002). When students collaborate with visual
representations, they may realize that they hold divergent views on how to interpret, construct, or connect visual
representations. This, in turn, may prompt students to engage more deeply in making sense of the representations
(Gnesdilow, Bopardikar, Sullivan, & Puntambekar, 2010).

Helping students make sense of visual representations is a key goal of STEM instruction (Ainsworth,
2008;NRC, 2006). Because any individual visual representation shows only a particular aspect of the concepts,
instruction typically uses multiple visual representations that depict complementary information (Ainsworth,
2008). Besides understanding how each representation depicts information, students need to make connections
among the different representations to integrate this information into a coherent mental model (Rau, 2016a). Con-
nection making is a major stumbling block that interferes with students’ learning of content knowledge in many
STEM domains (Ainsworth, 2008). For example, in chemistry, failure to make connections amongrepresentations
can yield misconceptions that interfere with learning of crucial concepts (De Jong & Taber, 2014). In the example
in Figure 1, if students fail to understand that the wedge-dash structure on the left is not identical to the ball-and-
stick model on the right, they may incorrectly infer that the melting point of a sample that contains both isomers
is equal to the melting point of a sample that contains only one of the isomers.

Much researchshows that educational technologiescanenhance students’ learning of content knowledge
by helping themmake sense of visual representations (e.g., Ainsworth, 2008). Effective technology-based support
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typically provides real-time feedback on student-generated visual representations (Rau, 2016b), asks them to map
representations to concepts (Seufert, 2003), and prompts them to explain connections between representations
(Rau, 2016b). Experiments show that such technology-based support can enhance students’ learning of content
knowledge compared to educational technologies without such support (Seufert, 2003).

Two limitations of research on learning with visual representations needto be addressed. First, the ef-
fectiveness of technology-based support over traditional activities with visual representations remains to be
shown. We are not aware of a study that study has systematically compared technology support for sense making
of representations to traditional activities without an educational technology. Second, prior research has mostly
focused on individual students in using visual representations. This stands in contrast to the fact that visual repre-
sentations are often used collaboratively for problem solving in STEM instruction, as discussed above.

Research question

In sum, educational technologies can enhance learning by prompting individual sense making of visual represen-
tations and by scripting collaboration. Prior research has not investigated whether an educational technology can
enhance learning by prompting collaborative sense making of visual representations. Further, research has not
compared educational technology support for visual representations or for collaboration to traditional activities
without technology support. Therefore, we investigate the following question: Does a technology-based adaptive
collaborationscript that prompts students to collaboratively make sense of visual representations enhance learning
of content knowledge?

Methods

Participants and setting

To address this question, we conducteda quasi-experiment with 69 students in an undergraduate chemistry course
at a university in the U.S. Midwest. The course involved two weekly 50-minute lectures, two weekly 50-minute
discussion sessions, and one weekly 3-hour lab session. The lecture was attended by all students. Lab and discus-
sionsessions were heldin smaller sections; namely four sections of about 18 students each. The lab and discussion
sessions were led by two teaching assistants (TAs) who went through the same training program at the beginning
of'the semester. During the semester, students worked in small groups of 2-3 students during discussion and lab
sessions. Our quasi-experiment took place in the lab sessioninweek 5 of the semester.

Experimental design

We assigned two of the four lab sections of the course to the control condition (n = 37 students) and two to the
experimental condition (rn = 32 students). Students selected lab sections at the beginning of the semester so that
they fit well into their class schedule. We do not have any reason to believe that systematic differences exist
between sections. In addition, we took the following steps to ensure equivalency of the conditions. To counter-
balance potential effects of class period, each control session was held concurrently with an experimental session.
To counterbalance TA effects, each TA led one control and one experimental session. We also counterbalanced
the sequence in which the TAs led control and experimental sessions. Both conditions worked on problems col-
laboratively in the same small groups as in discussion and lab sessions throughout the semester.

Control condition

The control conditionreceivedthe traditional version ofthe problem-solvingactivities: a worksheet that consisted
of ten multi-step problems about isomers. In each problem, students had to construct physical ball-and-stick mod-
els that represent specific molecules. Students worked on this step collaboratively, using a shared modeling kit to
construct these models. After constructing each model, they had to draw a wedge-dash structure of the same
molecule. Students drew the structures individually on their own worksheet, but they were encouraged to consult
with their partner. Each activity also required students to answer conceptual questions about the molecule. Stu-
dents wrote down their answers individually, again while being encouraged to consult with their partner. At the
end of the 3-hour lab session, students handed their worksheets to the TAs who provided written feedback on the
problem solutions and on the wedge-dash drawings in the following week’s lab session.

Experimental condition

The experimental conditionreceived the technology-enhanced version of the same problems. To ensure equiva-
lency to the worksheet version, the technology-enhanced problems contained the same steps, the same conceptual
questions, and the same molecules. Problems were presented in the same order and required students to build the
same physical ball-and-stick models. TAs led the sessions inthe same way as for the control sessions (e.g., they
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were available answer questions about the problems). The difference to the control condition was that problems
were presented and answered within an educational technology, shown in Figure 2. Students used the educational
technologyto draw wedge-dash structures and to answer conceptual questions via mouse and keyboard. The tech-
nology incorporated an adaptive collaboration script that prompted students to discuss specific concepts when
they made a mistake in their wedge-dash drawing. At a technical level, the script used a computational model that
detects conceptual errors students often make when drawing a wedge-dash structure or answering conceptual
questions. When the computational model identified an error and a misconception that may have led to this error,
the educational technology highlighted the feature ofthe wedge-dash structure that students had drawn incorrectly
and prompted students to discuss the concept with their partners while using the ball-and-stick model.

In sum, the only difference between experimental and control conditions was that students in the exper-
imental condition drew wedge-dash structures using an educational technology with an adaptive collaboration
script. The script changed the nature of the collaboration in several ways. First, the timing of feedback differed:
while the control conditionreceived written feedback on their worksheets in the following week, the experimental
conditionreceived immediate feedback from the technology. Second, the form of feedback differed: while the
control condition received only correctness feedback, the experimental condition received feedback in the form
of collaboration prompts to discuss concepts that students may have misunderstood. Third, the consequentiality
of feedback differed: while the control condition did not have to revise their answers, the experimental condition
had to submit a correct answer before students could continue.
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Figure 2. Students in the experimental condition built physical ball-and-stick models (A) and drew wedge-dash
structures in an educational technology (B).

Assessments

To assess students’ learning of content knowledge, we created a pretest and posttest on isomerism concepts. The
test had two scales. The reproduction scale had six multiple-choice items that assessed students’ ability to recall
and understand the concepts (i.e., levels 1 and 2 of Bloom’s taxonomy, as defined by Anderson & Krathwohl,
2001). The transfer scale had four multiple-choice items that assessed students’ ability to apply and analyze the
concepts (i.e., levels 3 and 4 of Bloom’s taxonomy). Hence, the reproduction scale assessed simple concepts; the
transfer scale assessed complex concepts. Two versions of the test were counterbalanced across pretest and post-
test. The tests were optional, but students received course credit for completing them.

To assess students’ long-term retention of content knowledge, we used data from two exams that were
provided as part of the course. A pre exam in the second week of the semester assessed students’ prior under-
standing of chemistry concepts that they may be expected to have covered in high school courses. A midterm
exam in the eighth week of the semester (i.e., three weeks after the experiment) assessed students’ understanding
of the chemistry concepts covered in the course thus far. We focused on one question on the midterm exam that
assessed the isomerism concepts covered in the lab sessionin which we conducted our quasi-experiment. This
isomerism question was one of five advanced questions on the midterm exam, and students had to choose three
of these five advanced questions. This question asked students to draw wedge-dash structures and to transfer their
knowledge about isomers to novel tasks. We coded students’ responses to this question by giving points for each
of 20 aspects that were correctly drawn. In addition, we coded for errors that indicated students’ difficulties in
remembering the target chemistry concepts (level 1 in Bloom’s taxonomy), to understand and apply the concepts
(level 2 and 3 in Bloom’s taxonomy), to analyze and evaluate the concepts (levels 4 and 5 in Bloom’s taxonomy),
and to make novel inferences (level 6 in Bloom’s taxonomy).

Procedure

Figure 3 shows how the experiment aligned with course activities in the entire semester (i.e., two weekly 50-
minute lectures, two weekly 50-minute discussion sessions, and one weekly 3-hour lab session). In the second
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week of the semester, students took a pre exam. A lecture in the fourth week of the semester covered stereoisom-
erism and related concepts. Our experiment took place in the fifth week. The pretest was made available online
three days prior to the lab. Up to this point, all course activities were identical for students in the control and
experimental conditions. Then, students attended the version of the 3-hour lab session that corresponded to their
condition. All following activities were again identical for both conditions. On the following day, the posttest was
made available online for three days. The following discussion and lecture sessions did not focus onisomers. The
midterm exam was given in the eighth week of the semester.

w 5

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

ntal masipulation

Discussion Lecture
= Lecture review « Instruction on

- Cal

Week 4: allaborutive
problem sobving

Lecture om isomers
Discussion

Lab ‘

Week 3:
1 (in lecture) || Lecture
Diiscussion
Lab

- Collaborative allier coneepts
problem solving || - Demanstrations

Lab session ‘ P

acoewsible for 3 davs accewsible for 3 days

Figure 3. Timeline of assessment (green) and experimental manipulation (blue) in the chemistry course.
Results

Prior checks

As mentioned, students were free to choose whether or not to complete the pretest and posttest for extra course
credit, and whether to choose the isomerism question on the midterm exam. Therefore, we first tested for differ-
ences between students who chose to complete the tests to those who did not. Eight students did not complete the
pretest and posttest, yielding N= 61 for these analyses (n = 30 in the control condition, # = 31 in the experimental
condition). Students who did not choose to complete the pretest and posttest did not differ from included students
on their pre-exam scores (/< 1). Forty students chose to complete the isomerism question (z =20 in the control
condition, n = 20 in the experimental condition). Students who did not choose this question did not differ from
students who chose it on reproduction pretest, F(1,55) = 2.647, p = .109, or transfer pretest (F < 1), but had
significantly lower pre-exam scores, F(1,55)=4.383,p=.031,p.n2=.074.!

Because we developed the pretest and posttest specifically for this experiment, they had not been evalu-
ated. Therefore, we conducted a factor analysis to evaluate the separation of the reproduction and transfer scales.
A factor analysis showed that a two-factor model that separates the reproduction and transfer scales had a better
model fit than a one-factor model. A reliability analysis showed that the reproduction scale had poor reliability
(Cronbach’s a=.525), whereas the transfer scale had good reliability (Cronbach’s o =.851).

Next, we tested for differences between conditions prior to the experiment. There were no significant
differences on pre exam (F < 1), reproduction pretest, F(1,59)=1.190, p = .280, or transfer pretest (F' < 1).

Finally, we tested whether students’ understanding of isomerism improved as a result of the interven-
tions. To this end, we used a repeated-measures ANOVA with test time (i.e., pretest and posttest) as the repeated
within-subjects factor. Pre-exam scores were not a significant predictor and were hence not used in this analysis.
There was no significant effect of testtime on the reproductiontest (F'< 1). There was a significant effect of test
time on the transfer test, F(1, 59) = 8.776, p = .004, p. n?> = .128, showing that students’ ability to transfer
knowledge about isomers to novel tasks improved significantly from pretest to posttest.

Differences between conditions on learning outcomes
To test whether the adaptive collaboration script enhanced learning of content knowledge, we used an ANCOVA
with condition as independent factor, scores on the reproduction posttest and transfer posttest as dependent
measures, and scores on the respective pretests as covariate. The pre exam was not included because it was not a
significant predictor. Figure 4 shows the estimated marginal means on the posttests that control for pretest. There
was no significant effect of condition on the reproduction posttest (F'< 1), suggesting that the adaptive collabora-
tion script did not enhance knowledge reproduction. There was a significant effect of condition on the transfer
posttest, F(1,59)=4.256,p = .044,p. n?> = .068, such that the experimental condition outperformed the control
condition. This suggests that the adaptive collaboration script enhanced knowledge transfer.

Next, we tested the effect of condition on overall midterm exam scores using an ANCOVA with condi-
tion as the independent factor, scores on the midterm exam as dependent measure, and scores on the pre exam as
the covariate. We included scores on the pre exam as a covariate in this model because they were a significant

I We report effectsizes using p. n: p. n? of .01 corresponds to small, .06 to medium, and .14 to large effects.
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predictor of students’ midterm exam scores. The reproduction pretestand transfer pretest were not included be-
cause they were notsignificant predictors. Results revealedno significant differences onthe overall midterm exam
scores (F'< 1). Using the same ANCOVA model to test for differences on the isomerism question for the 40
students who chose this question, we found no differences between conditions on this question (F'<1).

A more fine-grained assessment was provided by the errors on the isomerism question, which indicated
difficulties in using the isomerism concepts with respect to Bloom’s taxonomy levels 1 (remember), 2-3 (under-
stand/apply), 4-5 (analyze/evaluate), and 6 (novel inferences). The same ANCOVA model showed no effects of
conditiononlevel 1-5 errors (Fs < 1), suggesting that the adaptive collaboration script did not enhance students’
learning of concepts of simple to medium complexity. There was a significant effect on level-6 errors, F(1,33) =
4.272,p=.047,p.n?>=.115, such that the control condition made more level-6 errors (i.e., difficulties in making
inferences about complex concepts). This result suggests that the adaptive collaborationscript enhancedstudents’
learning of complex concepts and that this effect persisted three weeks after our quasi-experiment.
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Figure 4. Estimated marginal means for control condition (orange) and experimental condition (purple) onre-
production and transfer posttest, controlling for pretest. Error bars show standard errors of the mean.

Discussion

We conducted a quasi-experiment to test whether an adaptive collaboration script can enhance students’ learning
of content knowledge from problems that involve connection making among visual representations. Results on
students’ learning outcomes show a medium-size advantage of the adaptive collaboration script on the transfer
posttest over the traditional worksheet version of the same activity. There were no effects on students’ scores on
the reproduction posttest. There were no effects on overall midterm exam scores or on the isomerism question on
the midterm exam three weeks after our experiment. Yet, a fine-grained analysis of the isomerism question
showed a medium-sized reduction of errors for the experimental condition on questions that required students to
make novel inferencesbased on complex concepts. This suggests that an adaptive collaborationscript canenhance
learning with visual representations, but that this effect is confined to complex concepts.

These findings extend prior researchonindividual sense making of visual representations. There is abun-
dant evidence that connection making among visual representations is adifficult but crucial mechanism through
which students acquire content knowledge. There is also abundant evidence that educational technologies can
enhance students’ learning of content knowledge by helping them make sense of the connections. Even though
much prior research suggests that collaboration can enhance students’ connection making, a limitation of this
research is that it has focused mostly on individual rather than collaborative learning. Our findings provide a first
affirmationthat prompting students to collaboratively make sense of connections when they encounter difficulties
in making connections can enhance their learning of content knowledge.

Our findings also extend research on collaborative learning. Even though effects of collaboration scripts
on the quality of students’ collaborationare well established, few studies have found effects onlearningofcontent
knowledge. We show that an adaptive collaboration script can significantly enhance learning of content
knowledge, compared to a traditional version of the same problems without a collaboration script. Specifically,
adaptive collaboration scripts that focus students’ collaboration on connection making among visual representa-
tions when they struggle with the connections may be effective.

We found effects on complex concepts (i.e., the transfer scale of the posttest and on level-6 concepts on
the isomerism question on the midterm exam) but not on simpler concepts (i.e., the reproduction scale of the
posttest and lower-level concepts on the isomerism question). The fact that we did not find effects on overall
midterm exam scores is not surprising because the midterm exam contained questions about all content covered
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up to the midterm, and not just on the content coveredinthe lab sessioninwhich we situated our quasi-experiment.
The null effects on the reproduction scale of the test may result from the fact that we did not see significant
learning gains on this test, which may in turn result from poor reliability of this scale. In future research, we plan
to revise the reproduction scale of the test.

The fact that we found effects on the scales that assessed complex concepts can be interpreted in light of
research on sense making of visual representations. Integrating information from multiple visual representations
is more important for learning of complex concepts than for simple concepts. For this reason, it seems plausible
that students are more likely to make mistakes when connectionmaking involves complex concepts. Further, they
may be more likelyto hold divergent views on complex concepts. Hence, collaborationthat yields deeper engage-
ment in connection-making processes may pay off more for complex than for simple concepts.

The finding that effects of the adaptive collaboration script are confined to complex concepts can also
be interpreted in light of research on collaborative learning. Discussing complex concepts is cognitively demand-
ing. External representations can be used to off-load these cognitive demands (Kirschner et al., 2010). Hence,
prompting students to focus collaborative interactions on the visual representations may benefit their learning of
complex concepts more so than their learning of simple concepts. Thus, if complex concepts require connection
making more so than simple concepts and if collaboration can help students make these connections, we expect
adaptive collaboration scripts to be more effective for complex than for simple concepts.

Limitations

Our findings should be interpreted in the context of the following limitations. First, quasi-experimental designs
provide less stringent causal evidence than randomized control trials. Even though we found no differences be-
tween conditions prior to the experiment and took steps to ensure equivalency of conditions, unmeasured differ-
ences may have affected the results. Hence, arandomized control trial should replicate the results.

Second, while most students completed the pretest and posttest, eight students did not. Even though we
did not find differences between these students, it is possible that they differed in unmeasured aspects. Further,
students who chose not to complete the isomerism question had lower pre-exam scores, so we do not know
whether findings on this question generalize to students with low prior knowledge. We suggest that future research
should replicate our findings in a setting that allows for compulsory testing.

Third, our quasi-experiment investigated whether a carefully designed educational technology that con-
tains an adaptive collaboration script is more effective than a traditional version of the same activity. We did not
attempt to compare collaborative to individual learning and hence cannot conclude that adaptive collaboration
scripts are more effective than individual learning with or without the technology. Likewise, we did not aim at
comparing an educational technology with an adaptive collaboration script to an educational technology without
a script. Similarly, we did not compare non-adaptive scripts to adaptive scripts. Therefore, we cannot conclude
that an adaptive collaboration script enhances the effectiveness of educational technologies. Finally, we did not
compare different versions of adaptive collaboration scripts. Hence, we cannot conclude that scripts that adapt to
connection making are more effective than scripts that adapt to other aspects of collaboration.

Finally, although we consider the realistic context a particular strength of our study, it limits the conclu-
sions we can draw. Of particular importance may be that students had worked in the same groups since the begin-
ning of the semester and may have had an established collaboration routine. It is possible that the adaptive col-
laboration script was not maximally effective in altering this routine. Because we did not assess collaboration
quality, future research should examine the effects of adaptive collaboration scripts on collaboration quality and
examine if a script introduced before students establish a collaboration routine may be more effective.

Conclusion

A quasi-experiment inan undergraduate chemistry courseshows that an adaptive collaborationscript that supports
students in making connections among visual representations enhanced their learning of content knowledge more
so than a traditional version of the same collaborative activity without a script. Effects were of medium size and
were found immediately after and three weeks after the experiment. We extend research on learning with visual
representations by showing that an adaptive collaboration script can support sense making of visual representa-
tions. We extend research on collaborative learning by showing that an adaptive collaboration script focused on
visual representations can enhance learning of content knowledge.
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Abstract: A major theme of educational research has focused on cultural practices that are
learned within formal and informal settings. Many innovative approaches to classroom design
come with the intention that practices of the people who are experts in a domain are
enculturated by classroom students. This idea, known as authenticity, has been carefully
conceptualized in a large variation of educational settings. Cognizant of the inherent gap
between conceptualizations and their implementation, we used a constant-comparative method
to analyze different variations of authentic learning designs. With the aim of bridging this
research-practice gap, our analysis resulted in a model of cultural interaction within learning
environments based on different configurations of participants and settings. The conceptual
contribution of our research is a refined framework of authenticity that foregrounds the role of
human interaction in cultural mediation. Practically, our model contributes new insights into
the design of authentic learning environments.

Keywords: Authentic; CSCL; culture; enculturation; human interaction

Introduction

The modern history of education has been shaped by two revolutions — the industrial revolution, which marked a
transition between learning by apprenticeship in the agrarian age to traditional schooling in the industrial age;
and the digital revolution, currently underway, from traditional schooling to learning in a networked society
(Collins & Halverson, 2009). One of the most significant differences between learning by apprenticeship and
traditional schooling has been a change in the interaction of the student with the practitioner. In the
apprenticeship model, the student learned directly from the person who practiced a profession or skill. In
traditional schooling, ateacher was introduced so that students could learn about one or more professions. This
separation between the students and practitioner has been a long-standing criticism of traditional schooling as
fundamentally inauthentic compared to the ‘real’ way society operates (Dewey, 1916; Sawyer, 2014).

The rise of the networked society has opened new opportunities to re-establish ties between the student
and practitioner, addressing this year’s conference theme of prioritizing equity and access in CSCL. Such
revelations were dominant forces in the establishment of the field, expressed in ideas such as cognitive
apprenticeship (Collins, 2006) and authentic learning (Edelson & Reiser, 2006). Socioculturally-minded
researchers broadened this view beyond just the direct interaction of student and practitioner, but as giving
students access to communities of practice (Lave & Wenger, 1991) or the culture and norms of a particular
community (Rogoff, 2003). In this way, authentic learning has been conceived of as enculturation of the
practices ina relevant domain (Brown, Collins, & Duguid, 1989).

The application of these ideas to the design of CSCL learning environments has been far reaching,
particularly in classroom learning communities (Bielacyzc, Kapur, & Collins, 2013; Hod & Ben-Zvi, 2015).
With an eye on contributing to these important advances, this research focuses on human interaction within
learning environments designed for authenticity. Specifically, in this study we looked back at the past two
decades of research in the learning sciences and CSCL communities to analyze the way different variations of
student-teacher-practitioner interactions have been designed to mediate authentic cultural practices.

Designing for authenticity

The term authenticity has been taken up in disciplines both outside and inside education (Radinsky, Bouillion,
Lento, & Gomez, 2001). In this paper, we refer to authenticity in the context of a large theme of CSCL research,
informed by sociocultural perspectives of learning. While specific conceptions of authenticity vary, the
motivation as it relates to the design of classrooms articulated by Brown, Collins, and DuGuid (1989) in their
seminal paper, Situated Cognition and the Culture of Learning, is widely accepted. According to them, “Too
often the practices of contemporary schooling deny students the chance to engage the relevant domain culture,
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because that culture is not in evidence” (p. 34). Along these lines, CSCL environments have been designed to
approximate the culture of the people who actually practice the domain — the authentic practitioners (Edelson &
Reiser, 2000).

The constraints of human interaction in traditional educational settings

The inability for students to have direct, continuous interaction with authentic practitioners over meaningful
periods of time is a constraint of educational settings (Lim & Barnes, 2005; Timmis, 2014). For example, the
ratio of newcomers to old-timers found in classrooms contrasts sharply with learning in professional
communities, where cultural maintenance and evolution have a higher balance of old-timers versus newcomers
(Roth, McGinn, Woszczyna, & Boutonne, 1999). These distinctions highlight how real-world professional
practice comprises of a distinct ecology compared with educational programs (Table 1). As such, educational
programs require different types of innovative designs to prepare students for life outside of school.

Table 1: Comparison of professional communities and educational programs

Professional Communities Educational Programs

Quantity and ratio  Large membership, making the old-timer- Small membership, making the individual-to-
to-newcomer ratio high. For example, the culture ratio low. For example, the newcomer
ratio of a newcomer to a disciplinary (students) to old-timer (teacher) ratio in a

community can be 1:1,000’s. classroom canbe 30:1.
Continuity and Membership changes rotationally. Members  School membership changes rotationally.
duration enter, often stay for a long period of time Members enter, often stay for several years,
(e.g., career), then leave. then leave; Classroom membership begins

and ends together, for a greater part of a year.

Approaches to designing for authenticity

Given the constraints of educational settings, authentic learning environments have been designed and
conceptualized as taking either a simulation or participation approach, with the crux of the distinction based on
whether or not students have direct interaction with the practitioner, as well as in what context or setting the
interactions take place (Cho, Caleon, & Kapur, 2015; Radinsky et al., 2001). Simulations refer to formal
educational programs that aim for their culture to more closely resemble, align with, or approximate the
authentic culture (Hay & Barab, 2001; Hung et al., 2008; Bereiter & Scardamalia, 2003). In this approach,
cultural mediators such as tools, discourse, and artifacts “map to the activity of some professional community”
(Radinsky etal., 2001, p. 406).

In contrast to the simulation approach, the participation approach provides students with opportunities
for direct interaction with practitioners of the culture that the designer intends for their students to enculturate,
typically in the context of out-of-school communities. In such approaches, the cultural mediation is embedded
within these interactions. Students learn cultural practices as an outcome of these apprenticeship-like
interactions. Even though the term participation is useful to describe this approach, we emphasize that this isn’t
full participation. These interactions are designed within the frameworks of the school setting and are typically
regulated by a school instructor, may be limited to working on developmentally appropriate tasks, and/or have
time restrictions. As such, we prefer to call them hybrids.

While the distinction between the simulation and hybrid approaches appear straightforward, a close
look reveals its problematic nature. Hypothetically, if the teacher is a member of the intended authentic culture,
then should the design be considered a simulation or hybrid? Alternatively, if a group of students learns in an
authentic setting but doesn’t have direct interaction with its actual practitioners, how should this categorized?
This issue lays bare a fundamental problem with the way the design of authentic learning environments are
conceptualized. Whose culture is really being enculturated? Stated differently, whose culture is it?

Given the primacy of human interaction and setting in existing conceptions of authentic designs and the
problems they raise, we were interested to see if there was a way to refine these categorizations. Specifically, we
asked: What are the different variations of simulation and hybrid approaches to authentic designs? How can a
refined categorization help elucidate which culture is being enculturated?
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Methods

To answer our research questions, we conducted a review of research designs for authenticity from the
perspective that we have previously elaborated upon. To find a representative data set of existing research, we
turned to the two official journals of the International Society of the Learning Sciences: The Journal of the
Learning Sciences (JLS) and the International Journal of Computer Supported Collaborative Learning
(1JCSCL). The foundation of our data corpus was built upon an exhaustive search of the entire catalogues of
these journals, from their inception through 2014. We limited our search to articles that explicitly included
derivatives of the word authenticity (e.g., authentic, authentically). We similarly broadened our search to include
derivatives of the term enculturation (e.g., enculturative, enculturate, enculturating) to be inclusive of research
that may not have been explicitly identified with the authentic concept, but maintained the related ideas.

Following an initial review of the contents of the 39 articles that we found, we further limited our
corpus for formal, systematic analysis to 21 articles that clearly articulated the components of a clearly
elaborated design where the purpose was for students to enculturate authentic practices (a list of these articles
can be found at https://goo.gl/419ycz). Due to the high yield of articles in our final corpus as well as their
distribution over time, we concluded this was a sufficient and representative sample of articles for our analysis,
consistent with other suchreviews (e.g., Ellis & Goodyear, 2016).

We began our review by carefully examining the designs of each study within our final corpus of
articles using a constant-comparative method (Glaser & Strauss, 1967). This involved going through stages of
(1) collaboratively negotiating the meaning of a concept and design, which often required interpretation and
contextual inference, until we reached a consensus view; (2) going back and forth between our emerging
conception and subsequent articles to integrate categories; (3) defining our conceptualization until we developed
the tools necessary to model the design within each paper we considered; and (4) going through our entire data
corpus carefully to verify our findings.

Findings

To show the categories and variations of the authentic designs which we reviewed, we start this section by
explicating the refined conceptual framework and model that resulted from the analysis. Based on this
framework, we describe the authentic design variations that we found. We note that although we present the
refined conceptualization first, our analysis was recursive in that we went back and forth between our model and
our conceptualization of the designs. We present the conceptual framework first because this provides us the
language and symbolic tools necessary to communicate the model.

Refined conceptual framework and model

Our analysis resulted in four dimensions necessary to distinguish between the designs from our data corpus,
including the number of participants (individual, group, community); types of participants (learner, practitioner,
teacher, designer, cultural representative); culture (actual, authentic, intended), and setting (classroom,
practitioner). While most of these were unambiguous as they were described in the research we reviewed, the
different cultures described required us to clarify certain definitions that were based on the authors varied
conceptions. Ultimately, we settled on these definitions:

e Anactual culture is a pattern of activities that is developed over time for a community to achieve its
valued purposes (Nasir, Roseberry, Warren, & Lee, 2014). It can be found within and across
educational, professional, or practitioner settings.

e Anintended culture is a designer’s vision of one or more actual cultures that establishes the goals of
the learning environment.

e An authentic culture is the actual cultures upon which the intended culture is based.

During our analysis we recognized the importance of applying the notion of intended culture for the
analysis of all our cases, even though it was seldom conceptualized as part of the designs we reviewed (e.g.,
Bielaczyc & Ow, 2013; Hay & Barab, 2001;O’Neill,2001). The intended culture is important because it acts as
a conceptual bridge between actual classroom cultures and authentic cultures. The intended culture is based
upon the designer’s experiences, knowledge of learning, interpretation of authentic cultures, etc., that may not
even be clearly articulated (McKenney & Reeves, 2012; Sandoval, 2014). It is necessarily imagined,
representing a combination of one or more authentic cultures that the designer(s) may be a part of. The teacher,
who can be the designer or the enactor of others’ designs (Kali, McKenney, & Sagy, 2015), can vary between
being a central member of an authentic culture or can just have knowledge of it without ever being a
participating member. We are not saying that one situation is better than the other, as oftentimes practitioners
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are bad teachers, or the best teachers are not authentic practitioners. But certainly, a defining characteristic of
authentic learning environments is that the teacher represents the culture that the designers intend to foster.
Based on this conceptualization of these cultures, and in addition to the other relevant dimensions described in

our data corpus, we generated a model that shows their relationships (Figure 1).
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Figure 1. Refined model of authentic designs with simulation and hybrid prototypes.

Modeling the designs of authentic learning environments

Table 1 summarizes the two categories of authentic learning environments. Within each category, we have
found a prototypical version along with three variations. Prototypical versions represent the simplest case. In
cases where there were multiple designs within one study, we labelled the Design# alphabetically in the order
they appeared in their publication (e.g., 1 1a, 11b) as specified in the online list (https://goo.gl/419ycz).

Table 2: Categories and variations of authentic designs

Category Variation Description Design#
Simulation Prototype Interaction with authentic practitioners limited to teacher 2,5, 12, 15, 18, 24, 25,
26, 28, 30, 31, 33, 34,
37, 38
Variation 1 Interaction with practitioners from a single actual culture 1
with a focus on classroom activities
Variation 2 Interaction with practitioners from several actual cultures 1la
with a focus on classroom activities
Variation 3 Interaction with practitioners from the authentic culture 3
with a focus on classroom activities
Hybrid Prototype Participation in an educational setting (e.g., classroom) 14
reflexively related to interaction with practitioners from an
actual culture with a focus on the practitioners’ culture
Variation 1 Participation in an educational setting (e.g., classroom) 10, 22b
reflexively related to interaction with authentic
practitioners outside of class with a focus on their culture
Variation 2 Participation in an educational setting (e.g., classroom) 22a
reflexively related to interaction with authentic
practitioners in and outside of class with a focus on their
culture
Variation 3 Participation in an authentic setting with a focus on the 11b

practitioners’ culture
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Simulations

Most of the cases (18/23; 78%) that we found were simulations. This is expected, as the simulation category
requires the least dependency on and coordination with practitioners outside of the educational setting. In
simulation approaches, interactions are predominantly in or about what is happening in the educational setting,
contributing to its actual culture. This is true even when outsiders are involved in the designed learning
environment, such as can be found in the variations. Figure 2 models the prototype and three variations that we
found.

Simulation Variation 1 Variation 2 Variation 3
Prototype

Figure 2. Simulation approach with variations.

The predominant case among all categories and variations that we found was the simulation prototype.
While there are vast differences between these cases, all of them rely on one or more teachers being the
representatives of an intended culture. For example, to get students to enculturate knowledge building practices,
Zhang et al. (2009) adjusted the participatory structures within the classroom so that the students could
opportunistically collaborate. In some cases, there may be outside experts, such as in one of Gordin and Pea’s
(1995) SciV models, where the teacher is also an expert member of the authentic culture. But this is in line with
our view of the teacher as a representative of the intended culture and therefore can be modeled by the
simulation prototype.

Variation 1 is a simulation where outside practitioners are involved in the classroom activities. Unlike
in Gordin and Pea’s (1995) design, these outsiders do not have roles as teachers. Roseberry, Warren and
Conant’s (1992) collaborative inquiry approach is an example of variation 1. The main focus of the design was
for students to enculturate scientific discourse by planning and carrying out investigations in their local and
home communities. As part of their investigations into the quality of water from their school fountains, students
interacted with their local community to collect data and share their findings. Therefore, the design is a
simulation that included interactions with practitioners from an actual culture.

Variation 2 is a simulation where outside practitioners are involved in the classroom activities. This
variation represents Hay and Barab (2001)’s FC97 summer camp, where three groups of students were working
closely with a pair of practitioners who were not part of the authentic culture. While the intended culture was
that of disciplinary-based virtual-world designers (e.g., solar system virtual reality), the practitioners included
one education and one technology-related graduate student. Therefore, the design was a simulation that included
interactions with practitioners from two different actual cultures.

In variation 3, students in a classroom has direct interaction with authentic practitioners. This variation
is exemplified by Magnusson, Templin, and Boyle’s (1997) Dynamic Science Assessment. Specifically, the
practitioners are researchers who practice the relevant domain culture. They come to the classroom to participate
in doing dynamic science assessment, which is the basis for the intended culture that tries to approximate the
scientific practice of continuously advancing conceptualizations. Therefore, the design was a simulation that
included interactions with practitioners from the authentic culture.

Hybrids
We found four variations of hybrid designs that are modeled in Figure 3. Shared among all the cases was that in

addition to the simulation, students had direct interactions with actual or authentic practitioners. In comparison
to the simulation variations, the outside-of-classroom interactions in the hybrid models focused upon the
practitioners’ culture. This can be seen visually in figure 3 in the placement of the learners on the border
between the actual classroom culture and the actual or authentic practitioners’ cultures.

CSCL 2017 Proceedings 91 © ISLS



Hybrid Prototype Variation 1 Variation 2 Variation 3

Figure 3. Hybrid approach with variations.

The hybrid prototype is exemplified in Barab, Barnett and Squire’s (2002) community of teachers
(CoT). In this case, the learners (who are teachers) not only participate in classroom activities (University
seminars), but at the same time interact with the staff and students in an actual school where they have a chance
to implement their ideas. As the purpose of the CoT is based on an intended culture of “expert teaching” (p.
491), the school is a setting that the teachers attempt to change. Therefore, the design has a simulation that is
reflexivelyrelated to direct participation within an actual practitioner culture.

Fisher et al. (2007) and O’Neill (2001) provide two cases from different disciplines, age groups, and
settings that both exemplify hybrid variation 1. In Fisher et al.’s study, students from the University of Seigen
balance between “learning about” and “learning to be” as part of their practice-oriented education in information
systems. Specifically, students learn to be by participating in local IT companies. They learn about by
participating in a University-based community system that involves academic supervisors, guest lectures, and
other students. O’Neill’s (2001) design similarly involves a hybrid of simulation and participation approaches.
High school students studying earth science develop self-directed research projects within the context of their
classroom. Additionally, each student develops a long-term online relationship with a ‘“telementor” who is an
authentic practitioners (graduate student or professionals in the discipline). The telementorsroleis to guide and
provide critical feedback to the student on their research. In both cases, there are two settings that are reflexively
related. In comparison to the hybrid prototype where interactions in the outside-the-classroom settings are in an
actual culture, in variation 1 the interactions are with authentic practitioners.

Hybrid variation 2, exemplified in Fisher et al.’s (2007) University of Colorado Center for Lifelong
Learning and Design Research Apprenticeship Program, is similar to hybrid variation 1 with an additional type
of interaction. Each student works in a research team that includes doctoral students, post-doctoral researchers,
and faculty. This ‘vertical integration’ provides interactions with authentic practitioners for the graduate
students. At the same time, the graduate students enter into the ‘horizontal integration’, which is a course that
consists of graduate students along with their colleagues from each research team. The goal of this hybrid is
“crossing different knowledge spaces and nourishing a fertile middle ground between disciplines” (p. 19).
Therefore, the learners (graduate students) are members of both a course (simulation) and authentic culture
(participation) along with authentic practitioners.

Hybrid variation 3 involves designing to provide direct interaction with practitioners without an
educational setting for the learners to convene as a group, such as in a classroom. In this design the focus is on
the practitioners’ culture. Because there is no classroom, there is no intended culture outside of where the
student participates. This variation is exemplified in Hay and Barab (2001)’s SAC97 summer camp, where
“apprenticeship was operationalized as simply putting students into a real laboratory with a practicing scientist”
(p. 288). Their design consisted of small groups of students working directly with a mentor scientist (with
guidance of a K-12 teacher) on authentic research problems in the settings where the research took place.
Because there was no classroom, the teachers in this case were not representatives of an intended culture, but
helped students enculturate the practices of the authentic culture. Still, there was a role of a designer (the camp
director) who created this educational opportunity.

Discussion and conclusion

This research examined the different ways that learning environments are designed to foster authentic learning.
It is interesting to note that the most common design (65% of those we found) are the simulation prototypes,
where the learners interact only amongst themselves and the teacher(s). This testifies to the creativity of
designers who find unique ways to provide students access to authentic discourse, practices, tools, and alike
given the common limitations of educational settings and the large investment of resources required. To be
clear, we are not making any judgments regarding the quality of the enculturation that is the outcome of any
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model or specific study. We even note others who purposefully stepped back from near complete participation
by having teachers serve as intermediaries between experts and students, such as in Hay and Barab’s SAC97
(2001).

The project that we have taken upon ourselves to model these different designs is an attempt to rise
above a broad array of educational designs which we hope provides clarity on the similarities and differences
among them. In particular, we have focused a great deal on developing a parsimonious set of symbolic tools
(bottom of Figure 1) which takes into account the relevant dimensions underlying the interactions between
participants, cultures, and settings. Beyond the theoretical contribution, this research can be beneficial for
designers by giving them a framework to identify the constraints of their programs and the aspects of their
designs that can facilitate enculturation. Beyond this, using the tools we have identified can help designers
imagine different variations that may not exist.

While our research is based upon widely held notions of authentic learning (e.g., Cho, Caleon, &
Kapur, 2015; Radinsky et al., 2001), it has a different emphasis and conceptualization, exemplified by the
definitions we have articulated. We recognize that authentic learning can happen in simulated or hybrid designs,
and that there is no hard barrier or restriction on anyone, in any setting, to engage in forms of authentic practice.
Even when there is no direct interaction with authentic practitioners, students in classrooms can have access to
an authentic culture through the use of developmentally appropriate tools, discourse, participatory structures, or
other culture mediators within the classroom (Edelson & Reiser, 2006). Having direct human interaction with
experts or practitioners in the relevant domain is not a condition of authentic learning; it is just one potent way
to foster authentic learning through apprenticeship, such as modeling, coaching, and reflection (Collins, 2006).

Where we conceptualize things differently is that we see simulation and hybrid approaches as two
forms of guided participation of school students into authentic cultures. Instead of there being a single authentic
culture that students in learning environments can enculturate, educational constraints, where there is a hard
barrier between participation in schools and participation in actual cultures, require that designers provide
interpretations or visions of the authentic cultures. Consequently, notions like the intended culture become a
vital part of the conceptualization, as is the relationship between the role of the teacher and designer, actual and
authentic cultures, and school and professional settings. We are not saying anything that hasn’t been said before;
our contribution is modeling these ideas within one integrated framework.
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Abstract: Collaborative and individual learning are both frequently used in classrooms to
support learning. However, little research has investigated the benefits of combining
individual and collaborative learning, as compared to learning only individually or only
collaboratively. With our study, we address this research gap. We compared a combined
condition to individual-only or collaborative-only learning conditions using intelligent
tutoring systems for fractions. The study was conducted with 382 4" and 5" grade students.
Students across all three conditions had significant learning gains. However, the combined
condition had higher learning gains than the individual or collaborative condition. This
difference was more pronounced for 4t" grade students than for 5t" grade students. In addition,
we found that students in the combined condition expressed higher situational interest in the
activity compared to those working individually and the same as students working only
collaboratively. Through a combination, we may support better student learning.

Introduction

Although collaborative and individual learning are both frequently used in the classroom, little research has
been done to investigate if and when their combination is more effective than either one alone. Computer-
supported collaborative learning (CSCL) research has combined social planes (i.e., individual, collaborative,
whole class) within learning activities using integrative scripts (Dillenbourg, 2004) that prescribe different
social planes for different phases of alearning activity (Dillenbourg, 2004; Diziol, Rummel, Spada, & McLaren,
2007). For example, integrative CSCL scripts based on the Jigsaw method have people work individually to
gain expertise in an area before working in expert groups and then mixed expert groups to share that expertise
(Aronson, 1978). Although these scripts use a combination of collaborative and individual learning, they are
often only compared to individual only interventions and not to collaborative only interventions when their
effectiveness is investigated. Collaborative and individual learning may each have different strengths that
influence the learning process in productive ways; each may be more beneficial than the other for certain types
of knowledge (Mullins, Rummel, & Spada, 2011). One might hypothesize, therefore, that a combination of
collaborative and individual learning can be more effective in supporting student learning than learning within
either of the social planes separately (i.e., collaborative or individual learning), especially when the combination
is set up in a way that plays to the strengths of each of the two learning modes. However, it is also possible that
switching between social planes adds overhead to the learning process, which could have a negative impact on
the student performance that outweighs the benefits of a combination, even if this combination is aligned to
their particular strengths. Hence, it is important to understand whether combining individual and collaborative
learning, in a way that aligns with their respective strengths, is more effective than individual or collaborative
learning alone. In this paper, we investigate this question, using different versions of an intelligent tutoring
system (ITS) for elementary school fractions learning as a platform.

Previous research that has compared collaborative and individual learning has found mixed results:
some studies found that collaboration is more beneficial, whereas other studies found that individual learning is
more beneficial (Lou et al., 2001). These mixed results may be due to how the collaboration and individual
learning is being aligned with the learning activities and how the collaborative and individual learning phases
are being combined, if at all, in the collaborative learning scenario. Collaborative learning may be beneficial by
supporting students in giving and receiving explanations as well as the opportunity to co-construct knowledge
with their partner (Hausmann, Chi, & Roy, 2004). In addition, discussions that happen during collaboration can
potentially support the students’ social goals (e.g., responsibility goals, popularity goals) and make them feel
more connected to their group members, which can increase their motivation for the activity (Rogat,
Linnenbrink-Garcia, & DiDonato, 2013) and increase the desire to continue working on the task. Specifically,
situational interest in the task, which is interest that arises due to a response to the factors in the environment
(Linnenbrink-Garcia et al., 2010), can increase when a task involves collaboration. On the other hand, for
problem-solving practice, individual learning may be more beneficial than collaborative learning. Working
individually may allow students to get more practice in the same amount of time and develop fluency (Mullins
et al., 2011) since students are not sharing tasks with a partner and do not necessarily have to pause to explain
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their actions. In light of these different strengths, collaboration may be better for conceptually oriented
activities, such as working on erroneous examples, and individual work may be better for procedurally oriented
activities, such as tutored problem solving.

To design a mixed collaborative/individual condition, we created learning activities that would play to
the strengths of the given social plane; specifically, we used erroneous examples for collaborative learning and
tutored problem solving for individual learning. Within research on example-based learning, both worked
examples and erroneous examples have been shown to be successful for supporting learning (Renkl, 2005;
McLaren, et al., 2012; Tsovaltzi et al. 2010). In addition, prior research shows that when students study worked
examples collaboratively, they tend to avoid shallow processing, ask for fewer hints, and spend more time on
explanations than when working individually (Hausmann, Nokes, VanLehn, & van de Sande, 2009). Further,
erroneous examples can help to foster reflection and more fruitful explanations (Isotani et al, 2011; Siegler,
1995; Tsovaltzi et al., 2009). When students are able to collaborate around erroneous examples, they may
benefit from engaging in sense-making with their partner, fostered both through the erroneous examples and the
collaborative learning. On the other hand, for tutored problem solving, tutors often support student learning
through step-by-step support. This step-by-step support focuses the attention of the student on one step at a time,
which can lead to students entering an answer as soon as it is known instead of having a discussion around the
problem (Mullins, Rummel, & Spada, 2011). When students are working individually, they do not have to
divide tasks with another student, or stop often to discuss a problem step, which likely allows each student to get
more practice with the problem-solving skills. In turn, more practice with the problems may allow the students
to build more fluency and procedural knowledge (Anderson, 1983). When students are able to work individually
around the tutored problem solving, they may benefit from the faster-paced practice that is fostered from both
the step-by-step nature of the problems and the individual learning.

In this study, we investigated our hypothesis that a combination of collaborative and individual
learning is more effective for student learning than the same tasks being performed only collaboratively or
individually. Specifically, we investigated the combination of students working collaboratively on erroneous
examples and individually on tutored problem solving. The study involved 382 students and ran over five class
periods. To test our hypothesis, we assigned students to three different conditions (i.e., mixed, collaborative
only, individually only). In addition, we measured the situational interest in the tutor for the students. We
hypothesized that students who have a chance to work collaboratively (i.e., mixed and collaborative only
conditions) will have more situational interest in the activity than students that only work individually.

Methods

Tutor design

As mentioned, we used a fractions ITS as a platform for our research. ITSs have been shown to be beneficial for
student learning (Kulik & Fletcher, 2015; Ma, Adesope, Nesbit, & Liu, 2014) and are effective by providing
cognitive support for students as they work through problem-solving activities. This cognitive support comes in
the form of step-level guidance, namely, an interface that makes all steps visible, error feedback, and on-demand
hints (VanLehn, 2006). Although the majority of ITSs have been developed for individual use, the integration of
collaboration within an ITS, in prior studies, has effectively supported learning (Baghaei & Mitrovic, 2005;
Diziol et al., 2010; Olsen Rummel, & Aleven, 2016). The support for the collaboration can be directly
embedded into the tutor to support the students both cognitively and socially.

Informed by prior work on fractions tutors (Olsen, Belenky, Aleven, & Rummel, 2014a; Olsen,
Rummel, & Aleven, 2016), we developed a new ITS for three fractions units: equivalent fractions, least
common denominator, and comparing fractions. The ITS versions were built with the Cognitive Tutoring
Authoring Tools (CTAT), extended to support collaborative tutors (Olsen et al., 2014b). For each of the three
units, we created both tutored problem-solving activities (see Figure 1) and erroneous examples (see Figure 2).
Further, we created both individual and collaborative versions of both types of activities, for use in different
conditions. For each unit, there were eight problems. All of the problems within a unit were of the same type.

For the tutored problem solving, the students went through the steps needed to solve each problem. For
example, for the unit on comparing fractions, students would first find the least common denominator for the
fractions they were trying to compare (see Figure 1), then convert all of the fractions using this common
denominator, and finally, put the fractions in order, from smallest to largest. For the erroneous examples, the
students were asked to go through the process of finding the error that a fictional student had made in a problem
(these were common errors that were made in the tutored problem solving problems), correct the error, and
provide advice to the student for what they should do in the future. For example, for the least common
denominator unit shown in Figure 2, students first needed to identify the error that Kaitie made. After
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identifying Kaitie’s error, the students were asked to correctthe errorin the original problem. The students were
then given a space to write a message to Kaitie about what she could do differently the next time she
encountered similar problems.

Comparing Fractions

A Let's compare fractions

1 W

the least common denominator of the beflow fractions?

your partner can each move and en only hatf the fractions. Discuss the correct answers with your partner,
16
o 1 0 1 0 1 0 1 0 1
1 3 3
2 8 4
Using the least common denominator, write a new fraction for each of the provided
8 6 12 4

16 16 16 16 16

1
8

| Submit

Figure 1. A collaborative tutored problem-solving problem for comparing fractions. The students go through the
steps of converting fractions as a general mathematical procedure for solving this type of problem.

Least Common Denominator - Erroneous Example

Kaitie made an error. Can you help B Help Kaitie correct her error. ?
her?
Hinl
Correct the errors on the problem to t. When the
Kaitie made the incorrect answer to the
problem below: 96 for the least common step is correct, both you and your partner must press OK.
denominator.
what is the least common denominatar for the fractions?
5 4
12 8 4 Previous Next
least comman
denominator
12 B 96 2| x 8
lok| ok oK
A What error did Kaitie make?
‘Which answer best describes what Kaitie's mistake 7 Your answer:
Drag an answer and then discuss with your partner. Protuct of both Gonomingkos
Largest number that goes into both denominators Your pariner's answer:
Smallest number that goes into both denominators Product of both denominators
Largest multiple of both denominators Your group answer:
| Product of both denominators | :_OI;]

Figure 2. A collaborative erroneous example for least common denominators. The students are asked to find the
type of mistake that the student in the problem has made (Panel A) and to then fix that mistake (top left).

The collaborative tutors were supported with embedded collaborative scripts for each tutor problem to
provide social support for students (Kollar, Fischer, & Hesse, 2006). The collaborative tutors supported
synchronous, networked collaboration, in which collaborating students sat at their own computer and had a
shared (though differentiated) view of the problem state and different actions/resources available to them. The
students sat next to each other and communicated through speech, which was recorded. The groups were preset
in the system and after students signed into their account, the system was able to share their problem space. The
embedded scripts supported collaboration through a distribution of responsibility to create accountability and
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interdependence (Slavin, 1989) and cognitive group awareness (Janssen & Bodemer, 2013). In Figure 1, the
screen shows that this student only received three of the five given fraction symbols in the problem (their
partner had the second half). The students are responsible for sharing their fractions to be able to find the correct
least common denominator and to convert the fractions. In Figure 2, panel A shows an example of support for
cognitive group awareness where each student has to answer the question individually, the students are shown
each other’s answer, and then need to provide a group answer. When correcting the problem, the students each
need to press the OK button to get feedback from the tutor. This prevents just one student doing the problem
alone. Besides these collaboration script features, the collaborative and individual ITSs were identical.

Design and procedure

The quasi-experimental study was conducted in a classroom setting with 382 4th and 5th grade students between
18 classrooms (7 fourth grade and 11 fifth grade), 12 math teachers, and five school districts. The study took
place during the students’ regular class periods. All students worked with the fractions ITS described above. At
the class level, students were randomly assigned to one of three conditions: mixed, collaborative, or individual.
Seven classes were assigned to the mixed condition, 6 classes to the collaborative only condition, and 5 classes
to the individual only condition. In the mixed condition, the students worked collaboratively on the erroneous
examples and individually on the tutored problem-solving activities to align with the strengths of the social
planes. In the other conditions, students either worked collaboratively on both types of problems or individually
on both types of problems. In all three conditions, the erroneous examples fora unit came before the procedural
problems to allowthe students to address errors before getting more instruction through the procedural problems
sets (Renkl & Atkinson, 2003). Also, students in all conditions completed one unit each day; they switched from
the erroneous examples to the tutored problem-solving activities half way through class. Within each class, all
of the students were instructed to switch problem sets at the same time. Because the time-on-task was constant
for all conditions within each unit, the students finished a different number of problems. Within each class,
teachers paired their students based on who would work well together and had similar math abilities to avoid
extreme differences that could hinder collaboration. Students worked with the same partner as much as possible
and only changed partners due to absenteeism. If a student’s partner was absent in the collaborative conditions,
the student would be paired with another student working in the same condition for the remainder of the study.
When students started with a different partner from the day before, they would begin on the problem set at the
place of the student who had made less progress.

The study ran across five class periods of 45 minutes each. On the first day, the students took the
pretest individually. At the beginning of the second day, the students took a short tutorial either individually or
in groups (aligning with their social mode for the erroneous examples) that gave some instruction on how to
interact with the tutor. The students then worked with the tutor for the next three days in their condition. On the
fifth day, the students took a posttest individually and answered a short survey to gauge their situational interest
when working with the tutors.

Dependent measures

For the study, we collected pretest and posttest measures, tutor log data, and situational interest measures. We
assessed students’ fractions knowledge at two different times using two equivalent test forms in
counterbalanced fashion. The tests targeted isomorphic problems for both the erroneous and procedurally
oriented tutors and were administered on the computer. The tests also had transfer problems for naming,
making, adding, and subtracting fractions. Each test had 15 questions, seven erroneous example, six problem
solving, and two fractions explanations questions. For each question on the test, the students were able to get a
point for each step completed correctly. On the tests there were 81 possible points for the 13 erroneous example
and procedural knowledge questions. To assess the students’ situational interest in the tutoring activity, we had
the students answer a brief survey of 12 questions. The questions were adapted from the Linnenbrink-Garcia et
al. (2010) situational interest scale. The questions were all written to ask about the time that was spent learning
with the tutoring system. Each question was presented to the student on a Likert scale that ranged from one to
seven. The total score could range from 12 to 84.

Results

Out of the 382 students who participated in the study, 75 students were excluded from the analyses because of
absenteeism during parts of the study, thus leaving us with a final set of 307 students. Out of the 307 students,
104 were in the collaborative only condition, 83 in the individual only condition, and 120 in the mixed
condition. There was no significant difference between conditions with respect to the number of students
excluded, F(379,2) = 0.59, p = .56. There was, however, a significant difference in the pretest scores across
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conditions, F(2, 304) = 9.4, p < .05, with the collaborative only group being significantly lower than the other
two conditions.

Learning gains

To investigate whether students learned using our tutors and if there was a difference in learning between the
students in the different conditions, we used a multilevel approach to take into account differences between
school districts and the repeated measures of the pretest and posttest. We used a hierarchical linear model
(HLM) with student at the first level and school district at the second level. At level 1, we modeled the pretest
and posttest scores along with the student’s grade (4t or 5th) and condition, and at level 2, we accounted for
differences that could be attributed to the school district. For the different variables, we chose pretest for the test
baseline, mixed condition for the condition baseline, and 4t grade for the grade baseline. For each variable, the
model includes a term for each comparison between the baseline and other levels of the variable. We did not
include dyads as a level because of the added complexity of some students working with no partner (i.e.
individuals), some students having one partner, and some students having two partners because of absenteeism.
We are aware of non-independence issues such as common fate and reciprocal influence within dyads that may
have impacted our results (Cress, 2008). We measured the effect size with Pearson’s correlation coefficient (r)
where 0.1 is considered a small effect size, 0.3 amedium effect size, and 0.5 a large effect size.

©
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Figure 3. The students worked either collaboratively and individually (M), only collaboratively (C), or
only individually (I) with the mixed condition having higher learning gains than the other conditions. This effect
was more pronounced in the 4t grade students than the 5t grade students.

The results from the pretest and posttest analysis are shown in Figure 3. There was a significant
difference between pretest and posttest scores, #(301) = 12.56, p < .05, r = .59, with the posttest scores being
higher across all conditions. For the condition differences, there was a significant difference between
collaborative only and mixed, #(297) =-3.12, p < .05, = .18, and a marginally significant difference between
individual only and mixed, #(297)=-1.83,p=.07,r= .11, with mixed condition having higher test scores than
the other conditions. There was a significant interaction between pretest/posttest and collaborative/mixed
conditions, #(301) = -2.78, p < .05, r = .16, and a significant interaction between pretest/posttest and
individual/mixed conditions, #(301) = -3.56, p < .05, r = .2, with the learning gain slope being higher for the
mixed conditions than the other conditions, supporting our hypothesis that the mixed condition would be more
effective for learning. For the student’s grade level (i.e., 4" v. 5" grade), there was a significant main effect of
grade, 1(297) = 2.93, p < .05, r = .17, with the 5" graders having higher test scores than the 4th grade students.
Surprisingly, there was a significant interaction between grade and pretest and posttest, #(301) =-5.53,p < .05, r
= .3, indicating that the 4" graders had higher learning gains than the 5t graders. There was not a significant
interaction between grade and individual/mixed conditions or collaborative/mixed conditions, #(297) =0.90,p =
.37 and #(297) = 0.80, p = .42. For the three way interactions, there were a significant interactions for both the
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pretest/posttest, grade, and collaborative/mixed conditions, #301) = 4.57, p < .05, r = .25, and the
pretest/posttest, grade, and individual/mixed conditions, #301) = 3.19, p < .05, r = .18, with the slope
differences between the mixed conditions and the other conditions being more pronounced for the 4t grade
students than the 5t grade students. These interactions indicated that the mixed condition, compared to the other
conditions, was more beneficial for the learning gains of 4t" grade students than those of 5t grade students.

Situational interest

To investigate the impact that working with a partner may have had on the student’s situational interest in the
tutoring activity, we used an HLM with student at the first level and school district at the second level. At level
1, we modeled the situational interest score and condition, and at level 2, we accounted for random differences
that could be attributed to the school district. There was no significant difference between the collaborative only
condition and the mixed condition, #(302.15)=-1.119,p = .26 (see Table 1). There was a significant difference
between the students working individually only and the students in the mixed condition, #(299.83)=-3.978, p <
.05, r = .22, such that the students in the mixed condition had a higher situational interest score. These results
indicate that the students who had an opportunity to work with a partner found the task more immediately
motivating and that working individually for part of the activity did not lower this motivation, although it did for
students only working individually.

Table 1: The situational interest score for each of the different conditions

Condition Situational Interest Score Percentage (SD)
Collaborative Only 0.74 (0.20)
Individual Only 0.59(0.19)
Mixed 0.75(0.16)

Discussion and conclusion

In our classroom study we found that students across all conditions and grade levels learned from working with
a tutoring system that supported both studying erroneous examples and problem-solving practice. Thus, the
results demonstrate the effectiveness of the instructional conditions. More interestingly, the results confirmed
our hypothesis that a combination of collaborative and individual learning may be more beneficial than either
alone, as was found across the 4t and 5™ grades. Through a combination of collaborative and individual
learning, we are able to align the strengths of the tasks with the strengths of the social planes to better support
the student learning. We did find that this result was more pronounced with the 4" grade than the 5" grade
students. This difference may indicate that the given combination of individual and collaborative learning is
particularly effective early on in the learning process when students may need more support targeted at the skills
they are trying to acquire. The 5'h grade students may have been at a stage where fluency building was more
productive for their learning and the collaboration that supported sense making was not as important. If so, the
mixed condition would not have as much benefit for 5t grade students. These results resemble those from other
research where the age of the students had an impact on the effectiveness of the learning intervention (Mazziotti,
Loibl, & Rummel, 2015). However, future work is needed to develop an understanding of when collaborative
and individual learning may be most effective. In addition, the 5™ grade students in the collaborative only
condition had higher learning gains than the other 5" grade conditions. However, this may be an effect of
differences on the pretest. The 5t grade collaborative only condition did not have significantly different posttest
scores than the other 5" grade students.

Additionally, in accordance with our hypothesis, we found that students who had a chance to work
collaboratively (mixed and collaborative only conditions) had higher situational interest in the tutoring task than
those only working individually. The results support the notion that a collaborative setting can be more
motivating for students and that it can be so even when an individual component is added. The situational
interest that arises from collaborating can influence the learning that happens around the domain knowledge.
When students are more interested in a task, they are willing to put more time and effort into completing that
task (Rogat et al., 2013). Allowing students to collaborate on tasks that, a priori, would align well with the
strengths of collaboration (e.g., building conceptual knowledge) thus might be one way to both motivate
students and to create a beneficial learning environment.

This paper opens up a broader line of inquiry of research in CSCL that focuses on the question of how
collaborative and individual learning can most effectively be combined. In our study, we supported student
learning through the use of erroneous examples and tutored problem solving. We chose these activity types
because the strengths of collaborative and individual learning had related strengths to the learning activities so
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that a combination may have built upon itself. Specifically, this combination may have been effective because it
allowed the students to address misconceptions with a partner and thus develop a deeper understanding. After
addressing misconceptions, the students then had an opportunity to build fluency with individual problem
solving. This alignment of the learning activities with the hypothesized strengths of the social planes may have
enhanced the support to the students more than either could provide alone. Although our results support that this
combination of collaborative and individual learning with the learning tasks was more effective than either
social plane alone, a limitation of our study is that we do not know what the most effective combination of
collaborative and individual learning is and how the results from our combination would generalize. To be able
to find what combinations of collaborative and individual learning can be effective for learning, additional
research is needed. Our study indicates that this would be a promising direction for future research to explore. In
this future exploration, it is important to consider how the switches between social planes are triggered. For
example, we have explored switch points triggered by time on task. It may also be beneficial for students to
switch social planes adaptively based on switch points triggered by student characteristics, such as repeated
errors on a skill when working individually.

The results of our study are notable because of the complexity in supporting both collaborative and
individual learning in the classroom and providing real-time support. This study adds to the CSCL literature by
comparing a combination of collaborative and individual learning to both social planes alone, which is so far
uncommon. By finding support for the effectiveness of combining collaborative and individual learning, this
paper has opened a broader line of inquiry into how collaborative and individual learning can most effectively
be combined to support learning. Within this space, we can begin to evaluate integrative scripts (Dillenbourg,
2004) to better understand what aspects of the scripts are proving to be effective for student learning or if any
combination of social planes is enough to support students.
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Abstract: This study uses Cohesion Network Analysis (CNA) indices to identify student
patterns related to course completion in a massive open online course (MOOC). This analysis
examines a subsample of 320 students who completed at least one graded assignment and
produced at least 50 words in discussion forums ina MOOC on educational data mining. The
findings indicate that CNA indices predict with substantial accuracy (76%) whether students
complete the MOOC, helping us to better understand student retention in this MOOC and to
develop more actionable automated signals of student success.

Introduction

Massive Open Online Courses (MOOCs) open a number of educational opportunities for traditional and non-
traditional learning. However, the size of classes, which easily reaches into the thousands of students, requires
educators and administrators to reconsider traditional approaches to instructor intervention and the manner in
which student engagement, motivation, and success is assessed, especially since attrition rates in MOOCs is
notoriously high (Ramesh, Godwasser, Huang, Daume, & Getoor, 2014). The uniqueness of MOOCs and the
difficulties associated with them has openednew researchareas, especiallyinpredicting or explaining completion
rates and general student success. Researchhas mainly focused onpredictingsuccess using click-streamdata (i.e.,
student interactions within the MOOC software). Other recent approaches include the use of Natural Language
Processing (NLP) tools to gauge students’ affective states (Wen, Yang, & Rose, 2014b, 2014a), measure the
sophistication and organization of students’ discourse withina MOOC (Crossleyetal.,2015; Crossley, Paquette,
Dascalu, McNamara, & Baker, 2016, and a combination of click-stream and NLP data (Crossleyetal., 2016). In
this study, we examine new NLP approaches grounded in text cohesion and Social Network Analysis (SNA) to
predict success ina MOOC related to educational data mining. Social interaction has long been recognized as an
important component of learning (Vygotsky, 1978). However, while the relationship between language and social
participation has been studied in MOOCs (Dowell et al., 2015), social interaction reflected through the language
produced by MOOC students has not been investigated within large-scale, on-line learning environments.

The variables used in this study are based on Cohesion Network Analysis (CNA), which can be used to
analyze discourse structures within collaborative conversations (Dascalu, Trausan-Matu, McNamara, & Dessus,
2015).CNA indices estimate cohesion between text segments based on similarity measures of semantic proximity.
We hypothesize that students who produce forum posts that are on topic, are more related to other student posts,
are more central to the conversation, and are more collaborative will be more likely to complete the MOOC than
those that are not. We focus specifically on student completion rates because they are an important component of
student success within the course, as well as after its completion (Wang, 2014). We assess links between
completionand CNA indices because CNA indices afford a wide array of opportunities for better understanding
student success in terms of collaboration. Using CNA indices to better understand student completion rates has
the potential to inform pedagogical interventions that provide individualized feedback to MOOC participants and
teachers regarding social interactions such as collaboration. Ultimately, our objective is to enhance participation
and active involvement, to increase completion rates, as well as to increase our understanding of the factors
associated with MOOC completion.

MOOC analysis

MOOC:s have become an important component of education research for both instructors and researchers because
they have the potential to increase educational accessibility to distance and lifelong learners (Koller, Ng, Do, &
Chen, 2013). Researchers examine links between click-stream data in MOOCs and academic performance because
MOOC:s provide a tremendous amount of data via click-stream logs containing detailed records of the students'
interactions with the course content. The measures typically computed from click-stream data that have been used
in MOOC analyses include variables related to counts of the different possible types of actions, the timing of
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actions, forum interactions and assignments attempts among others (Seaton, Bergner, Chuang, Mitros, &
Pritchard, 2014).

More recently, researchers have applied NLP tools to MOOC data (Chaturvedi, Goldwasser, & Daume,
2014; Wen, Yang, & Rose,2014a,2014b; Crossleyetal.,2015; Crossleyetal.,2016). Traditional usage of NLP
tools in this context focus on a text’s syntactic and lexical properties. The simplest approaches count the length
of words or sentences, or use pre-existing databases to compare the word properties ina single text to that ofa
larger, more representative corpus of texts. More advanced NLP tools measure linguistic features related to the
use of rhetorical structures, syntactic similarity, text cohesion, topic development, and sophisticated indices of
word usage. Such tools have been used to examine text complexity (e.g., cohesion, lexical, and syntactic
complexity) in forum posts and the degree to which these indicators are predictive of MOOC completion. For
instance, Crossley et al. (2015) found that language related to forum post length, lexical sophistication, situational
cohesion, cardinal numbers, trigram production, and writing quality were significantly predictive of whether a
MOOC student completed the course (reporting an accuracy of 67%). In a followup study, Crossley et al. (2016)
combined click-stream data and NLP approaches to examine if students' on-line activity and the language they
produced in the on-line discussion forum was predictive of MOOC completion. They found that click-stream
variables (e.g., weekly lecture coverage and how early students submitted their assignments) were the strongest
predictors of MOOC completion but that NLP variables (e.g., the number of entities in a forum post, the post
length, the overall quality of the written post, the linguistic sophisticationofthe post, cohesionbetween posts, and
word certainty) significantly increased the accuracy of the model. In total, click-stream and NLP indices predicted
which students would complete the course with 76% accuracy. Combined, these findings indicate that students
who are more involved in the course and demonstrate more advanced linguistic skills, are more likely to complete
a MOOC.

Current study

The goal of the study is to test new indices that measure social integration and collaboration using Cohesion
Network Analysis in order to examine student success ina MOOC. Thus, we perform a longitudinal analysis on
the weekly timeline evolution of CNA indices to predict MOOC success and examine if students who engage in
greater social interaction, that is on topic and central to the MOOC, are more successful (i.e.,complete the course).

Method

The MOOC: Big data in education

In this paper, we evaluate course completion in the context of the Big Data in Education MOOC (BDEMOOC),
using the data from the first iteration on this course, offered through the Courseraplatformin 2013. This is the
same MOOC investigated by Crossleyetal. (Crossleyetal.,2015;Crossleyetal.,2016). The course was designed
to support students in learning how to apply a range of educational data mining (EDM) methods to conduct
education research questions and to develop models that could be used for automated intervention in online
learning, or to inform teachers, curriculum designers, and other stakeholders. This course was targeted to the
postgraduate level, and covered material comparable to a graduate course taught by the instructor. The MOOC
ran from October 24,2013 to December 26,2013, and included several lecture videos in each of the 8 weeks, and
one assignment per week.

In each of the weekly assignments, students conducted a set of analyses on a given data set and answered
questions about the analyses. All assignments were automatically graded, and students had up to three attempts
to complete each assignment successfully. Students received a certificate by obtaining an overall average grade
of 70% or better on at least 6 of the 8 assignments. The course had an official enrollmentof over 48,000 at the
time of the course’s official end. 13,314 students watched at least one video, 1,242 students watched all videos,
1,380 students completed at least one assignment, and 710 made a post in the discussion forums. Of those with
posts, 426 students completed at least one class assignment while 638 students completed the online course and
received a certificate. As such, some students earned a certificate for BDEMOOC without ever posting to the
discussion forums.

Student completion rates

We selected completionrate as our variable of success because it is one of the most common metrics used in
MOOC research (He, Bailey, Rubinstein, & Zhang, 2015), and correlates to future career participation (Wang,
2014). For this study, completion was based on a smaller sample of forum posters as described below.
“Completion” was pre-defined as earning an overall grade average of 70% or above. The overall grade was
calculated by averaging the 6 highest grades extracted out of the total of 8 assignments.
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Discussion posts

Discussion posts are of interest within research on student participation in MOOCs because they are one of the
core methods that students use to participate in social learning (Ramesh, Goldwasser, Huang, Daume, & Getoor,
2014). Discussion forums provide students with a platformto exchange ideas, discuss lectures, ask questions about
the course, and seek technical help, all of which lead to the production of language in a natural setting. Such
natural language can provide researchers with a window into individual student motivation, linguistics skills,
writing strategies, and affective states. This information can in turn be used to develop models to improve student
learning experiences (Ramesh, Goldwasser, Huang, Daume, & Getoor, 2014). In BDEMOOC, students and
teaching staff participated actively in weekly forum discussions. Each week, new discussion threads were created
for each week's specific content, including both videos and assignments under sub-forums, each with
corresponding discussion threads. Forum participation did not count toward student’s final grades. For this study,
we focused on the forum participationin the weekly course discussions. For this study, we extracted all forum
posts and corresponding comments from the MOOC environment for all 426 students who both made at leasta
forum post and completed an assignment. We removed all data from instructors and teaching assistants. We
analyzed data fromthose students who producedat least 50 words in their aggregated posts (r = 319). Fifty words
was used as a cut-off to ensure sufficient linguistic information. Of these 319 students, 132 did not successfully
complete the course while the remaining 187 completed the course.

Cohesion network analysis

In Computer Supported Collaborative Learning (CSCL) environments, Cohesion Network Analysis analyzes
discourse structure by combining NLP approaches with SNA (Dascalu, Trausan-Matu, McNamara, & Dessus,
2015). In CNA, cohesionis computationally represented as an average value of similarity measures (or an
aggregated score) between semantic distances (Budanitsky & Hirst,2006) using WordNet (Miller, 1995) Latent
Semantic Analysis (Landauer & Dumais, 1997) and Latent Dirichlet Allocation (Blei, Ng, & Jordan, 2003). We
used the Touchstone Applied Science Associates (TASA) corpus (approximately 13 million words;
http://1sa.colorado.edu/spaces.html) together with a collection of articles extracted from the Learning Analytics &
Knowledge dataset (652 Learning Analytics and Knowledge and Educational Data Mining conference papers and
45 journal papers; https://www.w3.org/TR/REC-rdf-syntax/) to train dedicated LSA and LDA semantic models.
The resulting corpora covered both the curriculaof the MOOC course and provided also a general knowledge
background. Before training, the texts were preprocessed such that stop-words were removed and all words were
lemmatized.

A cohesion graph (Dascalu, Trausan-Matu, McNamara, & Dessus, 2015) was generated using cohesion
values in order to determine connections between discourse elements. This graph represents a generalization of
the utterance graph (Trausan-Matu, Stahl, & Sarmiento,2007)and can be used as a proxy for the semantic content
of discourse. The cohesion graph is a multi-layered structure containing different nodes (Dascalu, 2014) and the
links between them. A central node, representing the conversation’s thread, is divided into contributions, which
are further divided into sentences and words. Links are then built between nodes in order to determine a cohesion
score that denotes the relevance of acontribution within the conversation, or the impact ofa word within a sentence
or contribution. Other links are generated between adjacent contributions, which are used to determine changes
in the topics or of the conversation’s thread. These changes are reflected by cohesion gaps between units of texts.
Explicit links, created using an interface functionality such as the “reply-to” option, are contained within the
cohesion graph as well. In addition, cohesive links determined using semantic similarity techniques are added
between related contributions within a timeframe of maximum 20 successive contributions, which can be
considered the maximum span for these type of cohesive links (Rebedea, 2012).

Cohesion scoring mechanism

The cohesion graph determines the active engagement in terms of participation in the MOOC. This is computed
quantitatively based on relations established between nodes from the cohesion graph. The contributions are
analyzed to determine their importance in relation to the discussion’s thread, coverage of topics, and their
relatedness to other contributions. The relevance score of anode in the cohesion graph is based on the relevance
of underlying words and on its relation to other components. For example, a contribution’s relevance score is
computed as the sum of its constituent words based on statistical presence and the semantic relatedness (Dascalu,
Trausan-Matu, Dessus, & McNamara, 2015). Statistical presence represents the word frequency within the text,
while semantic relatedness refers to semantic similarity between the word and the entire conversation thread that
contains it. Keywords for the whole conversation are determined by considering the aggregated score of the two
factors.
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Afterwards, the cohesion scoring mechanism assigns contribution scores by multiplying each word’s
previously determined score withits normalized term frequency (Dascalu,2014), estimating an on-topic relevance
of'the utterance. Links with other contributions, stored within the CNA are further used to improve contribution
scores. Each contribution’s local relevance is then calculated with regards to related contributions. Thus, each
textual element’s score can be viewed as its importance within the discourse, covering both the topic and the
semantic relatedness with other elements.

Collaboration assessment

Social knowledge-building (KB) processes (Bereiter, 2002) are derived through collaboration (i.e., scores
calculated on the inter-animation of interactions between different participants). Social KB refers to the external
dialog between at least two participants supporting collaboration, while inner dialogue is reflected by the
continuation of ideas or explicit, referred contributions belonging to the same speaker.

Each contribution has a previously defined importance score and an effect score in term of both personal
and social KB. The personal score s initiallyassigned as each utterance’s importance score, while the social score
is initially assigned a zero. By analyzing the links from the cohesion graph, these scores are augmented. If a link
is established between contributions belonging to the same speaker, the knowledge (personal and social) from the
referred contribution is transferred to the personal dimension of the current contribution through the cohesion
score. If the link is established between different users, only the social dimension of the currently analyzed
contribution s increased by the cohesion measure. This enables a measurement of collaboration perceived as a
sum of social KB effects that consist of each contribution’s score, multiplied by the cohesion value to related
contribution (Dascalu, Trausan-Matu, McNamara, & Dessus, 2015).

Interaction modeling and integration of multiple CNA graphs

The sociogramreflects information exchanges between users and represents the central structure for modeling
interaction and information transfer between participants (Dascalu, 2014). The nodes represent users, while the
edges represent interchanged contributions. This graph considers not only the number of exchanged contributions,
but weights each utterance as a sum of social KB effects to other MOOC participants. Specific SNA metrics are
further computed starting from the sociogram in order to measure centrality or involvement (Dascalu, 2014).
Some examples include the number of links to (out-degree) and from (in-degree) other participants for a specific
user. Betweenness centrality (Bastian, Heymann, & Jacomy, 2009) is computed to determine central nodes and
highlights the information exchange between participants who, if eliminated, would highly reduce
communication. The participant’s connection to other nodes, called closeness centrality (Sabidussi, 1966), is
computed as the inverse distance to all other nodes. A higher value represents a participant’s stronger connection
to all other discussion thread participants. The maximal distance between a node and all other nodes, called
eccentricity (Freeman, 1977), shows the closeness of auser to other participants. These models were extended to
facilitate the evaluation of not only a single discussion, but of an entire MOOC by considering the aggregation of
multiple discussion threads. Such a global analysis was used to build a social network consisting of all involved
participants and their contributions, thus enabling the evaluation of participation at a macroscopic level, not only
for specific discussions, but for the entire MOOC. The sociogram between all participants was generated
considering the sum of contribution scores per discussion thread within the forum. The overview of different user
goals, distributions, and interactions provides a broader perspective of a participants’ evolution within the MOOC.

Longitudinal analysis
We performed a longitudinal analysis by measuring the distribution of each participant’s involvement throughout
the duration of the MOOC which enabled us to quantify the evolution of learners’ participation, collaboration and
interactionpatterns across time. In order to generate each participant’s time distribution, specific sociograms were
built for incremental weekly timeframes and CNA-derived quantitative indices were evaluated, covering the
following elements, as discussed above: a) cumulative utterance scores per participant (i.e., the sum of individual
contribution importance scores that were uttered by a certain participant), b) social KB effect as the cumulative
effectofaparticipant’s contributioninrelationto other speakers, and c¢) specific SNA metrics (i.e.,in-degree, out-
degree, betweenness, closeness and eccentricity centrality measures) computed on the CNA interaction graph.
As expected due to attrition, a large discrepancy was observed in terms of the density of the interaction
graphs found between the first and last week of the course, denoting a significant decrease in density. The values
ofeach CNA index per timeframe were usedto create individual time series reflectingeachparticipant’s evolution
throughout the course. Afterwards, the longitudinal analysis indices presentedin Table 1 were used to model the
trends of the time series generated per participant and per CNA quantitative index. This approach creates an in-
depth NLP-centered perspective of our longitudinal analysis built on top of CNA.
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Statistical analysis

CNA indices that yielded non-normal distributions were removed. A multivariate analysis of variance
(MANOVA) was conducted to examine which indices reported differences between students who completed or
did not complete the MOOC. The MANOVA was followed by a stepwise discriminant function analysis (DFA)
using CNA indices that were normally distributed and demonstrated significant differences between students who
completed the course and those who did not. CNA indices were also checked for multicollinearity (> .90). In the
case of multicollinearity between indices, the index demonstrating the largest effect size in the MANOVA was
retained in the analysis. The DFA was used to develop an algorithm to predict group membership through a
discriminant function coefficient. A DFA model was first developed for the entire corpus of student forum posts.
This model was then used to predict group membership (completers v. non-completers) for the student forum
posts using leave-one-out-cross-validation (LOOCV) in order to ensure that the model was stable across the
dataset.

Table 1: Longitudinal analysis indices applied on students' social media contributions across time

Name Description

Avg. & Average and standard deviation of the considered CNA quantitative index within all

St. Dev. timeframes

Slope The degree of the slope corresponding to the linear regression applied on the time series. The

slope indicates whether students became more actively involved (slope > 0), had a uniform
involvement (slope = 0), or lost their interest throughout the semester (slope <0).

Entropy Considering the probability of posting within each timeframe, Shannon's entropy formula
(Shannon, 1948) grasps the discrepancies or inconsistencies in participation patterns. For
example, if students are active in only one timeframe, their entropy is 0, whereas if they have
a constant activity throughout the course, their entropy converges towards the maximum
value oflog(n), where n is the number of timeframes

Uniformity ~ Degree of uniformity is measured using Jensen Shannon dissimilarity (JSD) (Manning &
Schiitze, 1999) to a uniform distribution of 1/n. The JSD is a symmetric function based on the
Kullback—Leibler divergence and is used to measure the similarity between two distributions,
in our case the student’s time series and an ideal, uniform participation in each week

Local The number of local extreme points determined as the number of timeframes for which the
extreme inflection or the direction of the evolution of the CNA index changes. This reflects the
points monotony degree of the evolution or inconsistency in participation or collaboration - if

multiple spikes are encountered, these will be identified as local minimum or maximum

points; therefore, more local extreme points will be identified within the time series evolution
Average & Recurrence is expressed as the distance between timeframes in which the learner had at least
standard one contribution in the time series. This is useful for identifying and quantifying pauses as
deviation of  adjacent weeks without any activity. If each timeframe has at least one event, recurrence is 0,
recurrence whereas if students take long pauses that inherently generate timeframes with 0 events,

recurrence increases (e.g., if they post every 2 weeks, recurrence becomes 1, and so forth).

Results

A MANOVA was conducted using the CNA indices as the dependent variables, and whether the student
completed or did not complete the MOOC as the independent variable. Of the 56 indices, 15 indices were not
normally distributed and were removed. Of the remaining 41 indices, 27 indices did not demonstrate
multicollinearity and were retained. Of these 27 indices, 26 of them demonstrated significant differences between
students who completedthe MOOC and students who did not complete the MOOC (see Table 2 for details). These
indices demonstrated that MOOC completers produced posts that were on topic, were more related to other posts,
demonstrated greater collaboration, and were more central to the conversation. These indices were used in the
subsequent DFA.

A stepwise DFA using the 26 indices selected through the MANOVA retained three variables: Standard
deviation of recurrence (Overall Score), Slope degree (Closeness), and Average (Closeness). The results
demonstrate that the DFA using these three indices correctly allocated 243 of the 319 forum posts in the total set,
x2(df=1)=86.325, p<.001, for an accuracy of 76.2%. For the leave-one-out cross-validation (LOOCYV), the
discriminant analysis allocated 242 ofthe 319 students for an accuracy 0o 75.9%. See Table 3 forrecall, precision,
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and F1 scores for this analysis. The Cohen’s Kappa measure of agreement between the predicted and actual class

label was .518, demonstrating moderate agreement.

Table 2: Longitudinal analysis indices applied on students' social media contributions across time

Did not complete:

Completed:

Index Mean (SD) Mean (SD) F n’

Standard deviation of recurrence (Overall score) 2.433(0.839) 1.395(0.994)  95.666** 232
Local extremes (Overall score) 2.106 (1.134) 3.401 (1.550) 66.842** 174
Slope degree (Closeness) 0.006 (0.011) 0.024 (0.022) 71.637** 184
Slope degree (Eccentricity) 0.084 (0.115) 0.281(0.252) 69.91*%* 181
Local extremes (Out-degree) 1.864 (1.247) 3.198 (1.678) 60.045** 159
Degree of uniformity (Overall score) 0.639 (0.099) 0.518(0.169) 54.739** 147
Entropy (Overall score) 0.277 (0.349) 0.634(0.542)  44.412%* 123
Standard deviation of recurrence (In Degree) 2.113(0.949) 1.338(0.996)  48.713** 133
Standard deviation of recurrence (Out Degree) 2.207(1.117) 1.434 (1.062) 39.325** 110
Average (Closeness) 0.063 (0.056) 0.118(0.093)  36.965** 104
Local extremes (In-degree) 2.265(1.313) 3.166(1.492) 31.108** 089
Entropy (Closeness) 0.309 (0.432) 0.702 (0.654)  36.333*%* 103
Average recurrence (Overall score) 2.628 (0.949) 1.856 (1.456)  28.548** 083
Local extremes (Betweenness) 1.409 (1.266) 2.369(1.709)  29.997** .086
Degree of uniformity (Closeness) 0.606 (0.123) 0.494(0.198)  33.153** 095
Degree of uniformity (In-degree) 0.613(0.110) 0.522(0.165) 30.736** 088
Entropy (Out-degree) 0.162 (0.290) 0.416(0.469)  30.461** 088
Entropy (In-degree) 0.319(0.372) 0.598(0.534)  26.909** 078
Average recurrence (Out-degree) 3.181 (1.593) 2.232(1.724)  24.941** 073
Degree of uniformity (Out-degree) 0.646 (0.098) 0.574(0.143)  24.844** 073
Standard deviation of recurrence (Betweenness) 1.905 (1.394) 1.318(1.129) 17.236%* .052
Entropy (Betweenness) 0.123 (0.287) 0.284 (0.416) 14.893** 045
Standard deviation (Closeness) 0.121(0.083) 0.155(0.087) 12.586*%* .038
Average recurrence (In-degree) 2.449 (1.392) 1.889 (1.640) 10.219* 031
Degree of uniformity (Betweenness) 0.626 (0.110) 0.583(0.128) 9.909*  .030
Average recurrence (Betweenness) 3.999 (1.931) 3.320(2.239) 7.956* 024

*p<.010,**p<.001

Table 3: Recall, precision, and F1 scores for LOOCV DFA

Count Did not complete Completed
Recall .687 .820
Precision 765 754
Fl-score 724 786

Discussion and conclusion
Previous MOOC studies have investigated completion rates though click-stream data or NLP techniques or a
combination of both. Our interest in this study was to focus on language indices related to social interaction and
collaboration, which are important components of learning, both inside and outside the classroom (Vygotsky,
1978). This study examined MOOC completion rates using novel Cohesion Network Analysis indices to estimate
connections between discourse elements in order to develop models of the underlying semantic content of the
MOOC forum posts. The findings from this study indicate that CNA indices are important predictors of student
completionrates with students who produce more on-topic posts, posts that are more strongly related to other
posts, or posts that are more central to conversation. Thus, the results support the notion that students who
collaborate more are more likely to complete the MOOC. These findings have important implications for how
students’ interactions within the MOOC in reference to collaboration and social integration can be used to predict
success.

The results indicate that overall contribution scores showed the strongest differences between those that
completed the MOOC and those that did not (see MANOVA results in Table 2). In addition, overall contribution
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scores, which reflect an estimate of on-topic relevance for each utterance made by each participant, were a
significant predictor in the DFA model. The mean scores (see Table 2) show that participants who produced a
greater number of on-topic posts (i.e., were more engaged with the topic of the MOOC) were more likely to
complete the course. The next strongest predictors of whether students completed or did not complete the course
were related to closeness and eccentricity applied on weekly CNA interaction graphs. These indices reflect how
strongly a student’s posts are related to other posts made by other students (i.e., strength of connection to other
posts). The results indicate that students are more likely to complete the MOOC if their posts share semantic
commonalities with posts made by other students. Two indices relatedto closeness were included in the final DFA
model. After closeness and eccentricity indices, the next strongest indices were related to in-degree and out-
degree. These indices are also computed based on interaction graphs and measure the number and the semantic
strength of links to and from other students. The findings show that students who complete the MOOC have a
greater number of semantically related links to and from other students in the MOOC. Lastly, a number of
betweenness indices demonstrated significant differences between students who completed the MOOC and those
that did not. Betweenness is a measure of how central a node is to communication in term of the information
exchanged between participants. Importantly, betweenness indices indicate how much information would be
reduced if participants were eliminated from the conversation. The findings from this study indicate that
participants who were more critical to forum discussion threads were more likely to complete the MOOC.

In terms of comparisonto previous findings, our CNA indices alone are as powerful as the ones employed
in previous studies that combined both NLP and click-stream data (Crossley et al., 2016) with accuracies of 76%
in both cases, and more powerful than using NLP indices alone (67% with NLP indices compared to 76% with
CNA indices used in the longitudinal analysis; (Crossley et al.,2015). More importantly, the indices indicate that
patterns of collaboration and social interaction are important for understanding success, going beyond individual
linguistic differences and click-stream patterns. Thus, the findings help to provide support to the basic notion that
cognitive engagement during learning is a key component of learning and success (Corno & Mandinach, 1983)
and that cooperative work may lead to greater learning gains (Johnson & Johnson, 1990). More importantly, these
theories of collaboration within learning environments can be extended to large scale on-line classrooms, such as
MOOC:s. Even in MOOC:s, it appears that those students who deviate less from the expected content (Standard
deviation of recurrence [Overall Score]), and have higher and stronger connections to other participants (Slope
degree and Average [Closeness]) are more likely to be successful. Other CNA indices that were not included in
the DFA, but demonstrated significant differences between students who completed the course and those that did
not, indicated that more successful students had more links to and from other students (in- and out-degree), were
central within the community (low eccentricity) and facilitated conversation among students (betweenness).

The models presented in this paper could be employed to monitor and support students less likely to
complete the course by providing timely and personalized feedback in order to increase MOOC engagement and
long-term completion. However, much of this depends on the availability of textual traces, which are not always
available in many MOOCs. While we focused on forum posts in this study, the employed mechanisms should
generalize and, as such, could be applied on other text traces such as participation in collaborative chats, written
assignments that are scored in terms of effectively summarizing course lectures, responses to open answer
questions which are automatically assessed. In all cases, the results reported here need to be substantiated in follow
up studies that evaluate the applicability of the introduced CNA indices in the analysis of MOOCs from other
domains and on MOOC:s built on other platforms. The LSA and LDA spaces developed for this study may need
to change based on new domains, although this needs to be tested. In addition, the CNA indices introduced here
could be combined with more traditional NLP indices, click-stream variables, and individual difference measures
to further enhance our understanding of student success in on-line classes.
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Abstract: Online discussion forums have been shown to support collaborative reflection,
critique, and construction of knowledge. However, when these discussions are reading-
centered and hosted in traditional threaded discussion forums, it is often difficult to maintain
focus on the readings themselves, as well as navigating the difficulty of attributing ideas to
just one discussion post within a thread. This study demonstrates how an anchored annotation
system was used in a first semester online, asynchronous doctoral course to support more
effective reading-centered knowledge construction. We investigated the discussion activities
of 12 online doctoral students as they explored seven articles during two non-consecutive
weeks. Through analysis of 591 student comments and replies, we examined how students
used the anchoring system as a support to help make sense of the articles. We found that using
anchored annotation reduced coordination activities and supported knowledge construction,
particularly interpretation and elaboration of ideas.

Introduction

Asynchronous discussion is a common collaborative activity in both undergraduate and graduate online courses.
These discussion forums are useful for reflection, communication, and knowledge construction (Gao, Zhang, &
Franklin, 2013). They may also facilitate deeper understanding of concepts (Gilbert & Dabbagh, 2005).
Concerns with the quality of interactions have been related to the design of typical threaded forums, leading to
development of innovative environments intended to support more effective discussions (van der Pol, Admiraal,
& Simons, 2006). To better support online doctoral students’ construction of knowledge, we explored a tool,
Framebench (Agarwal, 2015) that allowed for online, collaborative annotations to be anchored within the text of
assigned readings.

In this paper, we synthesize contributions from previous work in computer supported collaborative
learning to frame our study. Then, we describe Framebench (Agarwal, 2015), an anchored system that we used
in the context of reading-centered academic discussion, and explore its affordances as compared to prior
research on linked annotation systems. Thereafter, we present findings regarding the knowledge building
patterns of 12 online doctoral students over the course of first semester readings using this anchored system as
the underlying tool to support asynchronous discussion focused on the text. Finally, we discuss the implications
of these findings for future research and practice.

Conceptual framework

Readings, and discussion about them, are a common activity in most graduate seminars. In its simplest form,
such conversation involves teacher-asked questions, followed by student answers, followed by teacher feedback
or responses. However, this linear, teacher-directed model does not reflect the generative discourse patterns in
effective knowledge building communities (Scardamlia & Bereiter, 1994). In this way, knowledge building
results from collective understanding through interaction, often supported by technology within the learning
environment. As such, students must articulate their ideas, questions, and responses to demonstrate insights
and understandings about the text in online discussions focused on course readings (Gao, Zhang, & Franklin,
2013). Inonline classes, studies of this type of socially constructed knowledge have often focused on discussion
forums, or threaded discussions (e.g., Hew & Cheung, 2010). The content of these discussion forums may center
on various intellectual artifacts such as topics, problems, or case studies drawn from the readings. However,
because of the various affordances and constraints of systems designed to support these discussions, the actual
dialogue within the forum is typically physically separated from the text of interest. For instance, a common
method utilized when engaging students in a browser-based threaded discussion is to open one browser window
for the threaded discussion while a PDF of the reading is available in another window or tab. In this way, the
reading itself is distal to the related discussion. Eryilmaz et al. (2013) found that this distance may increase
coordination efforts (cognitive expenditures needed to align the text and the discussion) and decrease energy and
effort available for knowledge construction as students navigate back and forth between the reading and the
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forum discussion. This leads to lower numbers of references to the related readings and reduced understanding
of the content. As such, many threaded forum discussion posts do not demonstrate a rich understanding of
content, nor do they fully integrate the key ideas from the related readings (Hewitt, 2001).

For this study, we adopted a constructivist approach to learning in which the individual’s knowledge
construction is based on their individual and social practices (Pena-Shaf & Nicholls, 2004). In so doing, we
mapped knowledge construction activities onto six cognitive processes including remembering, understanding,
applying, analyzing, evaluating, and creating (Krathwohl, 2002). We were particularly interested in how
remembering and understanding supported the comprehension of assigned readings. That is, remembering
involves retrieving and recalling what a learner knows, and understanding is the act of “[dJetermining the
meaning of instructional messages” (Krathwohl, pp. 215). Included in the understanding category are cognitive
actions of interpreting, classifying, summarizing, inferring, comparing, and explaining (Krathwohl).

We also situated this study in the computer supported collaborative learning environment (CSCL) of
anchored discussions, which emphasize social interaction (Gao, Zhang, & Franklin, 2013) and “offer creative
activities of intellectual exploration” (Stahl, Koschman, and Suthers, 2006, p. 410). Using a collaborative,
computer-based environment encourages students to make their thinking visible to others by articulating their
learning socially (Chu & Kennedy, 2011). These visible demonstrations help students expose their
understanding to other students, explore different views, and contribute to shared understanding, which may
deepen learning processes (Stahl, Koschman, and Suthers).

Previously Guzdial and Turns (2000) used an anchoring system called CaMILE as a way of improving
online course discussions. They anchored specific notes onto web pages that were linked to the CaMILE system.
By clicking on a note anchored within a web page, threaded discussion comments appeared on a different web
page. Although the notes and discussion comments were connected, they were linked on two separate web
pages. Using the CaMILE system, Guzdial and Turns’ research focused on improved sustained on-topic forum
discussions. Other authors have used more advanced features of the web for different types of anchored
discussions in order to reduce the cognitive load due to distance between the reading and the discussion. One
way of reducing the distance between readings and discussion is the use of linked discussions; to integrate the
discussion forum and reading together in an environment and “link” them to each other (e.g., Eryilmaz et al.,
2013; van der Pol et al., 2006). These previous studies of “anchored” discussion systems explore what are
termed “parallel linked systems” where the discussion forum and artifact are presented side-by-side on the
screen, and then linked visually via hyperlink. In these parallel linked systems, the distance between discussion
and text is less than in traditional threaded discussion forums, but coordination activities that represent
extraneous cognitive load still exist. However, using document-mediated systems such as linked discussions
may provide a stronger collaborative context and “direct users’ collaborative intentions towards the processing
of'that text” (van der Pol et al., p. 344), while reducing the need for coordination of the collaborative process.

Building on linked discussions, other formats supporting collaborative discussion from the anchored
perspective also exist. These systems have been studied through the lenses of constrained environments,
visualized environments, and anchored arguments (e.g., Gao, Zhang, & Franklin, 2013). The latter demonstrate
truly anchored discussions through online annotation systems that allow for questions, comments, and replies to
be embedded directly on the text of readings, which may reduce cognitive load and related coordinative activity
(e.g., Annotate, Hypothesis, Diigo). However, across the annotation systems currently available, many do not
cleanly accommodate the discussion and interaction patterns desired for academic discussion of the text. For
instance, some systems allow for anchored comments within the text, but multiple replies to that comment result
in a long window on the screen that extends on to the next page, rendering the anchoring more distal and less
useful. Some other systems allow anchoring, but the notes cannot be collapsed. As such, students who
encounter the reading after other classmates have annotated the document find a document covered with notes,
disrupting their ability to read the original text. All of these activities may have an “interaction cost” that is
either social or coordinative (van der Pol et al., 2006), and may reduce the effectiveness of a CSCL environment
if the costs are too high. Coordinative costs (mental capacity used to reference evidence) are particularly
persistent in traditional asynchronous text based online discussions (Eryilmazet al., 2013). For instance, some
systems leave too much coordination and structuring to the students, particularly for maintaining a shared frame
of reference (Hakkinen & Jérveld, 2006). This is oftenin the form of specific references to the learning artifact
from within the discussion contributions (Herrmann & Kienle, 2008).

Because of this problem, Eryilmaz et al. (2013) explored the coordination costs of establishing and
maintaining shared focus in proximal online readings using a linked artifact-centered discourse system, finding
that decreasing the need for coordination costs in an online discussion environment increased knowledge
construction potential. They utilized the Annotation Tool (Van der Pol et al, 2006), which presents both
discussion threads and the readings in the same window in two separate frames, using links between the image
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of a text page and the discussion threads for two-way reference between them. Previous research indicated this
sort of “anchoring” may stimulate sustained on-topic conversations (Guzidal & Turns, 2000), encourage
messages on specific points in the reading (Hakkinen, et al. 2002), and help students better engage with complex
ideas (Suthers, et al., 2006). Eryilmaz et al. found participants demonstrated less coordination activities and
increased knowledge construction activities. However, although linked artifact systems like the Annotation Tool
significantly reduce the navigational distance between discussion and artifact, they do still demonstrate spatial
distance across the screen and window.

Framebench software (Agarwal, 2015) uses amore advanced anchoring system whereby the annotation
system is integrated directly within pdf documents. The threaded discussions appear as a collapsible floating
window on the pdf document itself rather than being linked through a separate webpage. We focused on the
students’ collaborative knowledge construction through threaded discussions anchored directly at the point of
reference within the pdf document text. As such, given that linking discussion and text across the screen
reduced coordination activity, we explored whether proximally anchored annotations might reduce it even more,
leaving greater energy and effort to expend in knowledge construction activities.

Methodology

Research questions

The goal of this research was to examine the affordances of anchored annotations for both reducing coordination
activities and supporting construction of knowledge. In this analysis, we answer the questions: (1) How do
anchored annotations support student coordination activities?, and (2) How does using anchored annotations in a
learning environment support student collaborative knowledge construction activities?

Selection of the online system

We evaluated options for anchored discussion that connect the discussion in even closer proximity or directly on
the text itself than linked systems. The tool used for this study was Framebench (Agarwal, 2015) that afforded
two features integral to supporting the proximal anchoring. First, initial comments are embedded with only a
small icon so that the text is “clean” when readers return to it, but comments are readily available with a single
click. Second, Framebench uniquely encapsulates comments and replies in a single window where readers can
scroll through them, still anchored to the text, using very little screenreal estate. In most other systems, the four
replies demonstrated by the open comment window (See Figure 1) would extend on to the next page. Therefore,
this environment provided several key affordances of anchored discussion to support reading-focused
knowledge construction that are not available in other currently available tools.
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Figure 1. Screenshot of acomment and responses encapsulated within Framebench’s anchored annotation
format.
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Participants and settings

For this study, participants (n=12) were students enrolled in an entirely online doctoral program in educational
technology. Ten were from states within the United States, and two were international students. The setting for
this study was a first semester course intended to provide an overview of educational technology research and
the scope of the field. Students were assigned four sets of readings to be discussed in Framebench (Agarwal ,
2015) during weeks two, six, ten, and 14 (other synchronous and asynchronous options were utilized in the
remaining weeks of the course for weekly discussion), of which we selected week six and fourteen for analysis.
Week six was chosen to ensure that all students were already familiar with the Framebench system and were
able to access it without difficulty, and week 14 was chosen to analyze for changes in interaction patterns across
the semester.

Data, findings, and analysis

Data examined for this analysis were 591 anchored annotations (both initial posts and replies) written by
participants across nine articles assigned during the two selected weeks. Each comment and all replies were
logged into a spreadsheet in their entirety, as well as word counts, number of comments and replies, and number
of highlights and other written annotations from within the documents. Each comment and reply were
segmented into activities (Erilmaz et al, 2013), which were coded based on a priori codes for coordination
(Erlimaz et al.) and knowledge construction activities (Krathwohl, 2002; Pena-Shaff & Nicholls, 2004). We
also allowed for emerging codes (see Table 1). These emergent codes were developed, identified, and defined
by all researchers before being utilized within the coding scheme. In particular, we modified the framework of
Pena-Shaff & Nicholls to include a more nuanced understanding of clarification, interpretation, and elaboration
that incorporated ideas from Krathwohl. Clarification was used to denote when ideas and thoughts were
identified, while elaboration was added to differentiate between clarification and allow for coding of other
activities (see Table 1 for definitions and examples). Interpretation was defined as “inferences, conclusions,
summaries, generalizations, problem solution suggestions, or hypotheses” and elaboration was defined as
expanding the scope of the current discussion by adding additional information or examples (Pena-Schaff &
Nichols, pp. 257). Aligning with Krathwohl, elaboration as a cognitive skill falls into both the remembering and
understanding categories: elaboration relies on long-term knowledge (remembering) to provide relevant, related
examples that demonstrate understanding the content of the text. The cognitive actions in understanding,
according to Krathwohl, are the same cognitive actions used to define interpretation. Descriptive statistics for
each code category as well as percentages of the coded activities were calculated. Two researchers coded all
segmented annotations separately and discussed differences to reach consensus to provide validity.

Table 1: Conceptual Framework, Definitions, Examples, and Percentage

Categories | Operationalization | Example of the applied code | Percent
Knowledge Construction Activities
Interpretation | Inferences, conclusions, “This supports theideathat active learning is | 21%
summaries, generalizations, beneficial to students”
problem solution suggestions,
hypotheses
Question Seeking to find additional Are there other content areas that may benefit | 14%
information pertaining to the also, why science (other than the video was
discussion; prompt further available)?
discussion about the current Couldn't there be an option to learn from
topic; a question that reflects books, videos, games, whatever best matches
upon the current discussion the student with perhaps formative assessments
along the way for students to see if they are
learning?
Conflict Disagreeing with another “Perhaps I misread this first sentence, but I'm | 2.5%
student; mentioning a different | not sure lagree with this statement”
point of view in direct reply
Consensus Discussion of “I too believe that these assumptions aremore | 6%
Building misunderstandings; reachingan | vital than just to label them "assumptions."””
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agreement on an idea, fact, or
interpretation; negotiating the
definition, interpretation, or

truthfulness of a claim or fact

Support Empathizing; statements of Tammi, I also see a big problem here 12.4%
acknowledgement; providing
direct feedback
Clarification | Listing main ideas, facts from “aka - a student-teacher scenario.” 1.8%
the reading, assumptions
Elaboration Connecting ideas with “Gee's backgroundin sociolinguistics is 21%
examples, defining terms, shining through here in this section. :)”
causes or consequences, listing | “This happens with adult learners who tend to
advantages or disadvantages, be focused on learning just what is needed to
using analogies to explore ideas, | achieve the task at hand”
making connections, comparing
and contrasting
Coordination Activities
Distal References to information “I think it's in Steinkuelher's article that she 5.9%
outside of the text. questions why relate gaming to TV or radio,
etc.”
Proximal/Far | References to information “This paragraph rings a bell about student 1.43%
Proximal either within the same empowerment & motivation that comes when
paragraph or within the text. students can take control of their learning-
actively.”
Other Emerging Codes/categories
Social Comments directed at “Also, it's my 3 year old who watches Caillou. | 2%
Interactions participants but not at the task at | My daughter would be mortified if she knew I
hand. mixed thatup :-)”
Tangential Comments peripherally related “J---, I read a great article this week, also by 3%
to the topic. Gee, talking about games and libraries.”
Directions Directions or guidance fromthe | “This is the kind of annotation thatis helpful to | .23%
instructor. everyone else, and demonstrates the kind of
reading I'd like to see you all practice. If you
don't know something, it can be easily explored
by our friend Google..”
Confusing Comments that did not make “My english-speaking peer mentoring 3%

sense within the context.

partnership based on the research findings,
recommendation of need and lack of english-
speaking and transitioning support for
Domestic students and recommendations.’

]

Table 2: Data Grouped by Category

Activities by Category Week 6 | Week 14 | Total | Percentage
C‘oordmatmg (focusing on shared topic of 40 39 79 6.7%
discourse)

Knowle(!ge construction (interpretation and 2215 2345 456 38.6%
elaboration)

Knowledge construction (other) 284.5 290.5 575 48.6%
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Other 26 26 52 4.4%

Total number 578 604 1182 100%

Discussion

Anchored annotation reduces coordination activities

Within our study, coordination activities accounted for 6.7% of the overall activities (see Table 2). Considering
that Erilmaz et al. (2013) found that between 17% and 26% of all activities were considered to be coordination
activities in a parallel linked annotation system, our findings indicate that a within-text anchored annotation
system (such as Framebench) may decrease coordination effort and allow more focus on construction of
knowledge. This may have resulted from the proximal nature of the anchored comment. That is, when a
comment is embedded in the text of a reading, the content of the comment is clearly referencing the text near or
on which the comment is connected. For instance, a student comments “Summative assessment (or summative
evaluation) refers to the assessment of participants where the focus is on the outcome of a program. This
contrasts with formative assessment...” (see Figure 2). Another student replies, “Sort of - the critical piece of
formative assessment that makes it formative...” Due to the proximity of the user’s icon to this paragraph, and
even more precisely, aligning with the first two sentences of the paragraph, there is a seamless discussion of the
authors’ contentions about summative evaluations in a research context. As indicated, there is little need for
specific references to the text on the part of the initial commenter, and subsequent repliers need not search for
intended references.

In fact, many of these studies are summative evaluations masquerading
as research. There is nothing wrong with developing an intervention @
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Figure 2. Screenshot of anchored annotation of student discussion in Framebench in which they are developing
collaborative understanding of summative vs. formative evaluations.

In Eryilmaz et al., participants used specific coordinative references such as “the author’s argument on
page 8” six percent of the time, and another 11% of comments were used to maintain that focus. We propose
two possibilities for why the anchored system within Framebench (Agarwal, 2015) may reduce suchreferences
in comparison to the linked system. First, the anchored annotations are located immediately within the text,
whereas in the linked system, the screen is covered in multiple threaded comments on the left side of the
browser and the document itself can be covered in several colored highlights. Within the threaded systems,
students may find that in spite of all of these cues connected across the document and browser, references to the
text are still necessary or useful.

Second, instructions provided to the learners in each context may have primed them for the
functionality of the system. That is, in this study, given that the students were doctoral students, the instructor,
was transparent upon introducing Framebench about the apparent and intended affordances of the system.
Students were told that they were using a discussion system that might help them closely explore the text of
assigned readings with embedded comments. Specific language in those instructions may have indicated,
explicitly or implicitly, that the proximity of the comments reduced the need to make specific reference to the
related text. Eryilmaz et al. indicated that students were ‘“briefed about the functionality of the utilized
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interaction environment” (p. 125). But, it is unclear if this briefing may have underrepresented the connective
affordances of the systems, or if identical instructions were given to the treatment and control groups, which
would not have highlighted the potential benefits of linked-parallel artifact systems.

Anchoring annotation supports remembering and understanding of text

In our study, anchoring annotations within the text supported multiple types of knowledge construction
activities, primarily elaboration and interpretation. The number of activities within our data set coded as
elaboration and interpretation statements within the anchored annotations accounted for 42% of all comments or
replies (21% of comments coded elaboration and 21 % of comments coded interpretation). Finding that the use
of anchored annotations may foster knowledge construction activities that align with remembering and
understanding (Krathwohl, 2002) more than other types of knowledge construction activities, such as consensus
building and synthesis, may be due to the manner in which the tool handles instances of annotations. Each
annotation can be anchored immediately beside the text referenced, and each article contains numerous
opportunities for threaded annotated discussions near the text that spurred the initial comment for the threaded
discussion. In alignment with Gao, Zhang, and Franklin (2013) who found that anchoring annotations reduced
the localization effect (the given distance of text’s proximity to the location of the annotation is low, thus
moving from one space to another changes the qualitative nature of the annotation), our students changed focus
with every post. Within our study, students created multiple, shorter length comments and replies, often within
the same paragraph, that focused on a small portion of the text instead of constructing a longer post that
synthesized across several paragraphs or ideas. We posit that this ease of “targeted” annotations facilitated
students’ remembering and understanding of the content, but hindered synthesis across texts and consensus
building activities between the students.

Furthermore, the way in which Framebench (Agarwal, 2015) was implemented within the course may
support the knowledge construction activities of remembering and understanding moreso than other knowledge
construction activities because of the length and the number of readings. Each week there were four to five
scholarly readings of extended length (well over 100 pages per week), and students could annotate anywhere in
the documents. That is, in addition to the focused nature of the annotations within Framebench, the sheer
volume of pages to read and annotate may have encouraged the knowledge construction activities of
understanding and remembering, key steps for comprehending the assigned readings, in place of synthesis or
evaluation.

Conclusion and implications

This study explored how first semester, online doctoral students utilized a text anchored annotation system to
make sense of and discuss their weekly readings. Just above, we outlined how our data indicated that
coordination activities were relatively minimal and that this system supported knowledge construction activities
closely aligned with the cognitive processes of remembering and understanding. Some might interpret these
findings to be disconcerting in the context of knowledge construction. That is, given remembering and
understanding are often considered “lower-order” skills in the context of Krathwohl’s (2002) presentation of
cognitive processes, it would be easy to dismiss the value of in-text anchored annotation systems, since the
current study did not promote the more generative “higher-order” processes often associated with knowledge
construction. In practical terms, however, the online students used the affordances of Framebench’s in-text,
anchored annotation system as a support while they processed broad, foundational readings needed to make
sense of the field. As such, using anchored annotations in online learning environments may have positive
implications for providing students with a social method to explore and understand complex readings.

This being the case, it is also important to emphasize the specific goals of the course in which this
study was conducted. Situated in the first semester of an online doctoral program, the primary objective in this
survey course was to ensure that students absorbed the key ideas in the assigned readings from across 14
different genres of education and educational technology research. Absent the more traditional conversational
style of a face-to-face doctoral survey course that affords the instructor ample opportunities to assess the extent
to which students are internalizing assigned readings, we specifically endeavored to find a system that would
support such discussions and assessment in an asynchronous manner. Given the tendency of threaded discussion
to stray away from the readings, we utilized Framebench as a way to focus students on the specific text elements
within the readings through visible discussion anchored at that point.

There are currently several styles of systems available to support discussion in online learning:
embedded anchors, standard threaded discussion forums, and parallel linked anchors. We posit that in choosing
a discussion system for online learning, it is important to consider (a) the goals of the online discussion (e.g.
understanding vs. knowledge construction), and (b) the design affordances that undergird the system (e.g.
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reducing coordination costs vs. creating connections). Future research may provide continued exploration of the
tradeoffs between and among these considerations. Furthermore, this study may also inform design principles
for the creation of additional systems that utilize anchored annotation within text.
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Abstract: In this deductive qualitative case study, researchers observed the interactions of
undergraduate students in a Capstone Game Design Class at a mid-Atlantic
University. Referencing the literature, the researchers found that all facets of the collaborative
framework to include governance, administration, organizational autonomy, mutuality, and
norms were represented in ethnographic observations and focus group sessions. Specific
findings regarding the collaborative game design process as well the social and cultural
dimensions of game design are discussed.

Game based learning

According to a researchreport from Ambient Insight Research, an eLearning and mobile predictive analytics firm,
the Game Based Learning (GBL) industry is projectedto projected to hit revenues of $2.6 billion in 2016 and
growto $7.3 billionby 2021 (Ambient Insight Research, 2016). Coupled with the research firm’s prediction of a
22.4% industry growth rate from 2016 - 2021, it is evident, from a business perspective, why there has been
considerable buzz and excitement surrounding GBL. With concerns about shortening attention spans and how
the internet is impacting our collective ability to focus, GBL and it’s potential to engage 21st Century Learners
has garnered enthusiastic responses from both Academic and Organizational communities (Carr, 201 1; Duncan,
2013).

From a pedagogical standpoint, projections of growth in the GBL industry are not unfounded, especially
given the increased interest in GBL in literature. Recent research about GBL suggests playing games as an
instructional strategy has positive cognitive and emotional benefits. Research indicates that GBL supports
statistically significant improvements in three areas of problem-solving (Akcaoglu & Koehler, 2014), feelings of
self-efficacy (Ke, 2014), and higher levels of motivation, critical thinking, achievement and engagement
(Robertson & Howells, 2008; Yang & Chang, 2013). In addition to these encouraging outcomes, Mayo (2009)
found that when games are well designed, they can improve performance from 7 to 40 percent compared to
students who attended lectures.

These findings beg the question what “well designed” games look like. While there is considerable
excitement surrounding the GBL movement, research firms have cautioned about the zealous fervor surrounding
GBL initiatives, emphasizing the need for solid designs to back these pedagogical and organizational efforts. For
example, Gartner, a leading technological research company, anticipates that while 70% of companies will
implement a gamified solution, 80% of those initiatives will fail to meet business objectives primarily due to poor
designs (Gartner, 2014). Projections from leading Research and Advisory firms, as well as known gamification
failures like Google Badges, have encouraged increased interest and focus on the game design process (Lunden,
2012).

While there is a tremendous amount ofattention given to the efficacy of GBL as an instructional method,
and focus on the process of designing games from an industry and academic perspective, there have been limited
studies that specifically focus on collaboration, a critical component to effective design, within game based
learning design contexts. We explore collaborative frameworks in more detail below.

Collaboration

Disparate entities working together to achieve one purpose or a shared vision that could not be attained
individually is recognized as the defining characteristic of collaboration (Gadja, 2003; Woodland and Hutton,
2012). This complex concept can be examined from a variety of perspectives. The research available on the topic
reflectsthis complexity while also contributing to the challenge of measuring collaborative practices. Our research
suggests there is a gap in the current literature regarding collaboration during the game design process. The
subsequent review of the literature aims to frame our study within the existing understanding of collaboration
while addressing additional gaps and difficulties inresearching this topic. Additionally emerging collaborative
theories were explored as potential frameworks for our study.
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The highly competitive nature of the game design industry lends itself to an expectation that students in
a game design program will have an understanding of common practices and knowledge of the field. One way to
bridge gaps between these expectations and the realities of student experience is for academic institutions to
partner with established industry experts. De Frietas, Mayer, Arnab, and Marshall (2014) present a theory by
which these partnerships, in addition to the inherent learning support, can support research funding while
accelerating commercial development efforts. Findings from this model are further reinforced by research from
Marcketti and Karpova (2014). Their study explores student perceptions of anindustry partnership between design
teams and an apparel company. Students perceived that they developed highly relevant knowledge and skills by
tackling authentic problems.

While there are many instruments in the literature that measure collaboration, few feature instruments
generalizable to a broad population or small groups. In our searchforastudy that would generalize to game based
design environments we identifieda study from Thomson, Perry,and Miller (2007). Featuringthe responses from
a survey sent to 1382 directors of organizations who participate in large national service programs, Thomson et
al. (2007) synthesized the existing research on collaboration to to test their multifaceted model. Using a higher
order confirmatory factor analysis, they found that their collaboration framework was supported empirically. The
collaborative framework proposed by the researchers highlights the importance of the following five factors in
the process of collaboration: governance, administration, organizational autonomy, mutuality, and norms.
Governance was defined as ‘“understanding how to jointly make decisions about rules that will govern group
members' behavior and relationships” (p. 3). While arguably an overlapping term, administration was explained
as times where the “focus is less on institutional supply and more on implementation and management” (p. 4).
Organizational autonomy is referred to as the “intrinsic tension between organizational self-interest” (p. 4) and
achieving and keeping agents accountable for meetingtheir collaborative goals. In contrast, mutualityis described
as the “mutual beneficial exchange based on difference inskillsets, resources, etc.”(p. 5). Finally, the researchers
explain norms as an “I-will-if-you-will’ mentalitybased on perceived degrees of reciprocal obligations each have
toward the others”(p. 6). These categories provide a robust framework for capturing the overlapping complexities
of collaborative efforts.

Research on collaboration within groups or teams designing games was not found. Only one study was
identified that addressed collaboration at the team or intragroup level (Colbry, Hurwitz, & Adair, 2014). While
the context ofthe Colbry, Hurwitz, and Adair (2014) study focusedon small groups, it was exploratory and lacked
the validity and reliability of the Thomson, et al. (2007) framework.

Given the gaps in the literature regarding collaboration in game design, we came up with the following
research questions:

1. How do game designteams collaborate internally?
2. How do game designers collaborate externally with university & industry partners?
3. How do game designers created opportunities for collaboration within the game itself?

We hope to increase the understanding of how these three levels of collaborationinteract with each other to impact
final results in game based designs.

Method

Participants

Eight George Mason University undergraduate students over the age of 18 participated in this study. GAME 490
isthe Senior Game Design Capstone course for the Computer Game Design Program at a mid-Atlantic University.
This interdisciplinary class is open to students froma range of degree programs in the arts and sciences, providing
an excellent opportunity to observe collaboration between multiple operating paradigms in action. Informed
consent was obtained from all participating students following a description of the study.

While there were 8 individuals that submitted their consent, only four were a part of the same game
design team. In an effort to uphold our commitment to ethical research and mitigate any potential unauthorized
observational recordings, we decided to focus our observational efforts towards the members of the intact team.
By focusing our observations on the single participating team, we were also able to record the interactions and
collaborations between team members.

Procedures

The study was introduced to the potential participants by the student researchers at the beginning of a class
meeting. The first observation occurred midway through the semester; therefore, many procedural aspects had
been established. The impact of this starting point is addressed in our findings and discussion.
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The presentingresearcherdescribed her interests incultivating a better understanding of how the students
collaboratively design games. The study introduction was less than 15 minutes in duration and allowed students
to take the time to consider their participationinthe study as well as a chance to ask questions. Willing participants
submitted their consent forms prior to the end of class. Following the attainment of consent, forms were collected
and stored ina secured location.

In order to better understand the collaborative practices of students in the game design process
ethnographic observations and focus group data were collectedand analyzed. We will go into further detail about
these data collection methods in the next few paragraphs.

Observations

An ethnographic observational approach was pursued in recognition that, “..there is an intimate connection
between a culture and its designed objects leads us to advocate for an ethnographic approach to research design
where cultural practices are the focus of inquiry.” (Crouch & Pearce,2012,p. 84). In total, the collaborative
practices of students were observedin three classroomsessions inthe Arts Building at the mid-Atlantic University
campus in Fairfax, Virginia during three sequential class meetings. Ethnographic notes were taken throughout the
duration of these sessions during the class’s normal hours which spanned a three hour period. The classroom
setting consisted of five pods of computers organized in hexagonal arrangements. Screens on the desks consisted
of large format tablets. The observed group congregated in a pod near the windows and frequently shared their
space with one or two other smaller groups. Occasionally, a group member in the observed group would shift to
the most proximal seat at the central pod due to lack of space. To limit interference in the group’s dynamics, we
sat two to three feet away from their space in unused chairs from the central pod. Due to the hexagonal nature of
the pods, we did occasionally change perspective by sitting nearer to the central pod, allowing us to observe
different group members in action.

Focus groups

A semi-structured focus group was held following the first classroom observation. The focus group was in asmall
cramped study room within the student community center. Three attendees participated in the focus group. A
second focus group planned for after the last observation was cancelled due to lack of participants.

After reading the protocol aloud, participants were instructed to respond to questions posted on the walls of
the meeting room. Using post-it notes, the participants responded to the research questions during the first 20
minutes of the session. The questions included the following:

1. What challenges of collaborating on a design project have you faced?

2. In your opinion, what have been the advantages of collaborating with a team for this game design
project?

3. How has your team integrated collaboration into your game design? If applicable, have you
collaborated with any external stakeholders in this project?

4. How does your team collaborate?

5. What is collaboration?

At the end ofthe allotted twenty minutes, the participants were asked to rejointhe group and discuss their answers
question by question. During this facilitated discussion, observations and notes were taken. This debriefallowed
the researchers to ask clarifying questions and dig deeper into the collective meaning-making of the group as a
whole.

Results

Given our small sample size, we pursued a bounded deductive case study approach to our data analysis process
(Glesne,2011). The data collected during the ethnographic observations and focus group was coded line by line
while referencing a code manual based on the Thomson et al. (2007) theoretical framework of collaboration. The
predetermined categories we looked for included governance, administration, organizational autonomy,
mutuality, and norms. Data was aggregated into an Excel spreadsheet and then each researcher individually coded
the observational and focus group data using a line by line coding approach. Following our individual coding, we
compared codes for emergent themes and to also to ensure inter-rater reliability. Findings from our data analyses
are presentedinthe paragraphs below. Addressing our multi-tiered questions, these are framed within three levels
of context: the group, the course, and the university.

Governance
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As stated previously, governance is “understanding how to jointly make decisions about rules that will govern
group members' behavior and relationships.” (Thomson, et al, 2007) Our interpretation of this terminology
combined with the analysis of observation data resulted in three findings at the group level during observations.
The focus group revealed additional constructs provided within the course structure and game design profession
that support decision-making processes.

Observations

The first finding was that governance within the group was fluid. Decision-making appeared to occur naturally,
with one group member eliciting feedback at the moment of need. When the activity appeared critical to the
overall game design or was significant in scope, such as the addition of lighting effects, all group members that
were present would stand up to view the screen in question, review the information, and provide input. Decisions
with less impact such as minor edits to graphics elicited the formation of dyads or triads. Occasionally, seemingly
random comments inspired movement around the pods so that members could view each other’s computer
screens.

There was no evidence of clear leadership within the group, although it appeared that the individual in
charge of the task being reviewed would implement or reject recommended changes. This supports the second
finding that the team as a whole respected the domain expertise of the individual members. The artists and
programmers made the final decisions in their respective specialities. Decisions in areas which crossed domains
were made collaboratively by members of both domains. For example, the implementation of graphic tilesets
within the programming software occurred through a dyadic dialogic interaction in which a programmer moved
the mouse while an artist used the stylus to draw on the tablet screen.

The final finding was that governance was driven by anticipated results. The observed group maintained
a focus onthe course objective as evidenced in the course stand-up procedures in which progress and effort were
reported. Besides the stand-up reporting procedures, the course provided additional constructs that guided
governance within the group, such as the professor’s process for circulating and checking in with groups and the
scheduled deadlines of specific assignments.

The environment established by the professor was casual. At this level, an overlap between governance
and norms was identified. As such, this theme is further explored within the analysis of norms.

Focus group

During the focus group, additional constructs provided by the course and the group were identified. Group
members expressed that game design documents are a critical governing process in the industry. Created at the
beginning of a project, the group revealed that they relied heavily on the game design documents to guide their
processes and progress. They shared that the game design document helped them establish group consensus on a
shared final goal early in their game development process. This documentation also served to guide the creation
of a portfolio piece with a defined scope (the vertical slice required for the course) and narrowed the team’s focus
on their end goal which also drove their decision-making processes. Participants referred to experiences in
previous classes in which differences in group members’ goals or intentions led to difficulties or challenges. They
felt that these experiences contributed to their current practices in collaboration.

Administration

The administrative processes which set the stage for implementation and management were heavily guided by the
course construct. This was evident during observations and the focus group. Technology also played a critical
role.

Observations

In a sense, the professor acted as an occasional team member through the stand-up procedures, check-ins,
assignment definition, and deadline scheduling. The casual atmosphere and interactions helped create a seamless
environment between the dynamics of the group and the expectations of the course. Evidence of the casual
environment included instances in which group members arrived late to class bearing gifts of food for the
professor. Laughter and humor ensued.

In another example, in one class sessionthe professor, lookingto conduct a check-in with the team, found
that a majority of the of the group’s members had left for a smoke break. Instead of expressing concern or
frustration, the professor engaged in a relaxed conversation with the remaining teammate until the students
returned. This interaction may indicate that a mutual understanding between the team members and professor had
been reached. Some evidence was observed that students had previously demonstrated their ability to meet
implementation and management expectations. There was clear evidence during check-ins with the professor that

CSCL 2017 Proceedings 122 © ISLS



the students had been highly successful in their efforts to date and were exceeding assignment expectations and
deadlines.

At the group level, administration was highly procedural. Communication from absent or late group
members was prompt, with reports of illness being shared early in the classroom session. Edits and revisions to
the game design document provided a tasking systemin which progress was checkedagainst the proposeddesign.
Future tasks and iterations were assigned by the group as deemed appropriate, including to absent members. It is
possible that a more robust understanding of administration would be obtained through a more thorough research
study, in which work and efforts outside of class could be observed.

Focus group
The results of the focus group reinforced the findings from the observations. Participants highlighted procedural

activities and the technology used to carry out those procedures. Team Members relied on the capabilities of
Google Drive to work collaboratively on a document as well as email and texting for communication. Again,
much of their reflection on this theme was in terms of past experience in which administration was lacking.
Examples were cases in which group members were non-communicative or did not contribute to the
implementation of the project.

Organizational Autonomy

At stated earlier, organizational autonomy refers to the “intrinsic tension between organizational self-interest”
(Thomson, etal., 2007, p.4) and the obligations to the group. This tensionwas apparent in the interactions between
members as they completed individually tasked portions of their work.

Observations

Throughout the game design and development process, team members worked on their own segments of the
project. Also, possibly due to the intensive nature of development, individuals were given the personal latitude
to come and go as they pleased with several team members disappearing from the classroom session for several
minutes at a time.

The tensions inherent in organizational autonomy were observed when team members questioned each
other about the status of certain game assets and deliverables. In one instance,a team member was developing
music and sound effects for the game. It was clear the group member’s commitment to creating high quality
sound effects, specifically in the quest for the perfect rat sound. Despite this dedication to quality, another group
member indicated their anxiousness for incorporating sound edits as soon as possible. The other team member
felt that the sound effects chosen were sufficient for meeting the project’s needs. The group member in charge of
sound effects quickly acquiesced to provide the audio files needed to move the project forward.

Focus group

Our ethnographic observations regarding the game design process were reinforced during our focus group
conversations. Group members indicated they were extremely selective in forming their groups and looked for
specific characteristics which are discussed in more detail in the norms and mutuality sections.

Previous negative interactions and experiences from prior classes flavored group member expectations
in relation to organization autonomy. Challenges brought about by organizational autonomy included working
with “lone rangers” or group members who were “not doing work”. Organizational autonomy, therefore, could
result in unfavorable outcomes with participants who did not pull their weight or those who were not open to
working with others.

Mutuality

In contrast to organizational autonomy, mutuality refers to the “mutual beneficial exchange based on difference
in skillsets,resources, etc.” (Thomson, etal. 2007, p. 5). Lachmann, et al. (2013)referredto the concept of “flow”
in which people become absorbed in their activities to a high degree. The observed group demonstrated both
mutuality and flow in their ability to work together toward a common goal, achieving their collaborative goals.

Observations

During the ethnographic observations, we witnessed several times when group members completed each other’s
sentences. This level of sync between group members was inherent in their interactions. In one instance, two
group members with different specialties discussed adding new features to the artwork that would later be
integrated into the game. During this interaction, one group member stated that it was “hard when you
have...”. The other responded immediately, “very few pictures to work off of””. Both quickly agreed and moved

CSCL 2017 Proceedings 123 © ISLS



to the next task. This interaction suggests that conversations between the two members had progressed to alevel
of mutual understanding wherein the development challenges and landscape was well defined and known despite
the differences in each team member’s specialty.

Another example in which disciplines combined to reach a mutually beneficial solution appeared when
the group explored new features within their game development software platform. In one instance, one of the
artists discovered a new “sprites” or graphic element that could bring light to objects within the game design. It
was unclear, however, if their game would support this feature. Once this feature was discovered, the artist and
one of the programmers worked together to investigate whether or not they could integrate the “sprite” into the
game design. Each team member recommended different potential buttons or settings that might garner the hoped
for results. After a short while, both stopped to research existing literature on the internet. This challenge
eventually became a group wide endeavor. Check-ins with the professor in the following class revealed that the
team was embracing new methods of resolving the issue to include trial and error tinkering and by submitting a
help request to the software company.

A factor that appeared to contribute to and enable mutuality is the innate socializationthat occured within
the group. Members consistently looked to each other for affirmation and humor. Side conversations and laughter
were frequent. At the end of our final observation as students were wrapping up their conversation with the
professor,one member explicitly stated that “everyone is engaged and helping out”, “it’s been a good experience”,
and “T’'m happy with the team we have” followed by an invitation to the other group members to go get pizza and
hang out. This is in line with evidence gathered during the focus group which we examine next.

Focus group

During the focus group, clear evidence emerged regarding the social factors at play in mutuality. Participants
expressed that they perceived the group formation and selection process had a strong effect on their collaborative
success. Students clearly defined their criteria for group selection, with one student expressing that they were
“really really really careful about who we picked”. “Attitude”, previous collaboration, social dynamics, “work
ethic”, and “communication skills” were all cited as critical attributes of potential team members. Additionally an
off topic conversation on the perceived importance of socializing beyond the demands of class emerged. Team
members feltit was important to spend time together, to stay friends, and keep it “fun and comfortable” as opposed
to other groups who “only meet and talk during class”. It was evident that the commitment to the design process
and the final product were driven by the social experience of the group. Thomson, et al. (2007) acknowledge that
“commitment is unlikely without the presence of the final defining dimension of collaboration: norms of
reciprocity and trust” (p. 6).

Norms

Like Gajda (2004) noted, it is quite possible that by the time we began our study, that the team of interest was far
along in their process of assembling/forming, storming/order, norming/performing, and
transforming/adjourning. By the time we began our study, the project teams were in the “performing” stage,
actively editing and adding elements, functionalities, and details to their game design. Therefore, our observations
may be less robust than if we began observations earlier in the game design process. Since we did not enter until
the “performing stage” ofteam development, it is unclear if the team’s established norms were naturally emergent
or if they were explicitly established through conversations with team members. Norms were additionally
influencedby the structure ofthe class, the professor, and the aforementioned development environment (Hartson
& Pyla, 2012).

Observations

As stated earlier, our observations within the classroom environment suggested that the development of game
assets was a fluid process. Multiple times throughout the allotted class meeting, team members would leave for
smoke breaks, food, or to take phone calls. Given the flexibility associated with the team members and their
movement, it appeared that there were no formal requirements to be in certain places at certain times.

Norms additionally stemmed from the technological choices team members made. Team members knew
where to find documents based on mutually agreed upon locations. For instance, we witnessed several exchanges
of team members directing others to working files in Google Drive.

Fluidity of movement extended to the game development process. Group members tended to get up and
observe their team members’ new developments and make comments. On several occasions, team members were
called over to comment on a new design, game asset, or interaction. This type of iterative development
characterized by continually feedback is consistent with commonly documented agile development
methodologies referenced in the Agile Manifesto (Becketal.,2001).
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Focus group

The focus group built upon our ethnographic observations of norms within the game design context. In response
to the focus group session questions, participants described what characteristics they found desirable when
selecting fellowteam members. Focus group participants were interested in working with team members who
had varying skillsets, but similar goals. The participants looked for teammates who exhibited “empathy”,
“discipline”, “attention to detail”, flexibility, and who had “strong communication skills”. They also looked for
team members who ‘“‘communicated challenges early on”, were “interested in more than just one artistic style”,
were constantly “testingthings”, adhered to a “schedule and project documentation” and were open to constructive
criticism.

During our focus group, “crunchtime”, a termused to describe an all-night or an intensive development
session, emerged as a norm for the game designers. When describing these sessions, it was clear that these were
not only times that yielded productive results, but also incorporated social elements like ordering pizza, playing
other games, and drinking beers. Participants described “crunchtime” as being both challenging, fun, and a
bonding session between teammates.

Another norm that emerged was the lack of a clear decision-making process. Participants stated they
had an equal say in “decision-making, scheduling, and house-keeping”. The flexibility associated with the
organizational hierarchy was exemplified in our ethnographic observations when the team members worked to
set a time to meet during the weekend. It was clear that each team member was free to come in when they liked,
however, there was an expectation that each team member would do their part in meeting team goals.

Overlapping codes

In the validation processes of their framework, Thomson et al. (2007) were able to define the five categories of
collaboration through statistical analysis. The need for this clarity was due to the inherently complex and
interwoven nature of collaboration. Overlapping codes were anticipated given that the Thomson et al. (2007)
analysis showed high interrelationships between the terms in a higher order confirmatory factor analysis. We feel
it is important to acknowledge observed overlaps between the codes with some occurring more frequently than
others. The observed ebb and flow between these different categories warrants a deeper explorationthat is beyond
the scope of this paper.

Validity

As Maxwell (2013) states, “the researcher is the instrument of the research” (p. 45). Researcher experiences were
seen as an asset in the analysis of the data, however, we attempted to be as aware of our inherent biases by using
a code manual, employinginterrater reliability during our coding process,and incorporating formative respondent
validation during the focus group sessions. We also ensured that all observation sessions were conducted at the
same times during the day.

Limitations

Given the nature of the participant’s consent, we were only able to observe the collaborative dynamics of one
group. It was clear that other participants and their groups faced collaborative challenges and successes, however,
we were not able to observe why and did not feel comfortable documenting those trials and tribulations without
the consent of the group as a whole.

The timing of the experiment also served as a limitationin a variety of ways. To begin with, we began
our study late in the group’s development, missing rich information about the formation of the group’s dynamics,
their governance structures, and their formation of norms. It was also clear that a majority of the design work
occurred outside of the classroom and during all times of the day and night. Future, in-depth studies could benefit
by increasing the number of observations, specifically during “crunchtime” sessions or other group meetings
outside of the designated class time.

Domain knowledge was yet another arena in which we struggled. As instructional designers, we did not
have the same lexicon and vocabulary as the participants we studied. Words like ‘“baked”, “sprite”, and
“crunchtime” all required further clarification. It is quite possible that without a baseline knowledge of game
design and game design culture, we may have missed many rich observational opportunities, particularly during
the focus group sessions.

Discussion
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Like Gajda and Koliba (2007), we found that group dynamics and interpersonal relations play a large role in
collaborative game design. It was apparent from our focus groups that group members were concerned with who
should be included as a team member from the onset of the design process.

Also, similar to Gajda and Koliba(2007) concerns regardingindividual confidentiality and consent made
this study difficult to implement. As researchers, we found it challenging to observe consenting individuals
involved in a collaborative context since their contributions and interactions were tied to the larger
group. Therefore, we were limited to observing a single team and their interactions. Future studies may wish to
consider alternative approaches to observing collaborative practices in light of the difficulties associated with
securing individual consent.

While we were able to observe all attributes of the Thomson et al. (2007) framework in our limited
observational and focus group sessions, future research could be amplified by following game designers
throughout their game design process, from group formation to project completion. Specifically, it would be
important to observe game designers during “crunchtime’, late night sessions, and more frequently over the design
and development timeframe. Observations conducted outside the classroom times could yield rich findings into
game design as well as its organizational culture.

Conclusion

“Practice is not just doing, but also thinking about actions” (Crouch & Pearce,2012, p. 39). As designers, it is
important to be reflective about practice especially in consideration of different design contexts. Our review of
the literature revealed that although game design was a critical component to the success or failure of an
organizational game based initiative, few studies focused on the game design process and specifically the role of
collaboration in design. Continued design research will be critical in enhancing our understanding of how
successful game design teams collaborate to achieve and fulfil the promising potential of new approaches to
teaching and learning.
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Abstract: A large body of research covers the positive impact of cognitive group awareness
tools on implicitly guiding learners. However, the impact of visualizing partner-related
information and content-related information in such tools is barely investigated separately.
Thus, we compared the impact of both types of information on collaborative learning in an
experimental study (V= 120) by systematically varying partner-related information (given or
not) and content-related information (given or not) in a 2x2 design. Concerning
communication behavior, we found no effect of content-related information, but a main effect
of partner information indicating that the visualization of a learning partner’s knowledge
deficit implicitly guides learners to give longer explanations. A qualitative comparison
contrasting learners with the highest and lowest knowledge gain indicate that content-related
information could still be relevant for implicit guidance, since successful learners seem to use
this information for addressing topics in their explanations.

Introduction

The positive impact of implicit guidance on collaborative learning was widely demonstrated (cf. Janssen &
Bodemer, 2013). Implicitly guiding learners means to only suggest them certain ways of thinking,
communicating, and behaving, without directly instructing them to perform specific activities (cf. Hesse, 2007;
Dillenbourg, 2002). Such guidance can be implemented with the help of cognitive group awareness tools.
Following Bodemer and Scholvien (2014), these tools utilize three functions for suggesting specific behaviors:
First, they can cue and list essential information, e.g. specific content, which helps learners to organize their
knowledge and structure their communication with the learning partner. Second, they provide information on
the whole group or single members of the group to facilitate important grounding and partner modeling
processes. Third, they facilitate comparison processes to trigger discussions that are focused onrelevant topics.
In order to automatize these functions, the “Grouping and Representing Tool” (GRT) was developed (Erkens,
Bodemer, & Hoppe, 2016). This tool extracts different information from written text (e.g. students’ homework
or essays): on the one hand, it transforms content-related information by forming clusters of concepts that are
interpreted as topics and visualized as a list. On the other hand, it provides partner-related information, since the
clustering results in quantitative values on the extent of how intensively these topics are debated in each text.
These values can be visualized as bars per topic illustrating a learning partner’s cognitive information separate
or side-by-side with a learner’s own cognitive information to facilitate a comparison, which is particularly
useful in collaborative learning scenarios applying complementary group formation The GRT was evaluated
beneficial for classroom learning (Erkens et al., 2016), but due to their confounding both types of information
still need to be investigated separately to know about their single effects. Since said confounding is given for
most group awareness tools, the current study is guided by the pending question: What and how much impact
has partner- and content-related information on learning behavior? In the following, we present results from a
current study combining quantitative and qualitative measures to answer this question.

Instructional purposes of cognitive group awareness tools

Cognitive group awareness tools fulfill several instructional purposes by providing learners with relevant
cognitive information. Visualizations with content-related information can unfold their effects by information
cueing (e.g. highlights) or by visualizing only selected information (e.g. topics). Information cueing refers back
to the signaling principle which means that learners focus their attention and learn more deeply, when cues are
added that highlight the organization of essential material (Mayer, 2005). In the context of collaborative
learning, Scholvien and Bodemer (2013) found that learners supported by a cognitive group awareness tool
prioritized content that was highlighted blue to reveal dissimilarities between them and their learning partner.
Concerning the visualization of selected information, the effect of information clustering is based on the idea
that visual representations that include organized labels, names, and graphics group relevant information
(Hyerle, 2000), thereby focus learners’ attention (Mayer, 1979) and provide better orientation, especially in
cooperative learning scenarios (Purdom & Kromrey, 1992). Regarding this, Erkens, Bodemer and Hoppe (2016)
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found indicators that a list of contents created by the GRT might influence learners in selecting topics to be
discussed: one observed strategy was that learners scanned the list of content to check for topics about which
they did not write in their essays (independent of the information given on a learning partner’s knowledge) and
finally added concepts visualized to their essays.

The visualization of partner-related information, either visualized separately or side-by-side with the
information of a learner, supports comparison processes. The comparison between learning partners is
associated with relevant learning mechanisms such as partner modeling, conflict solution, and (self-)explication
(Dillenbourg, 1999). The concept of cognitive conflict goes back to Piaget (1977) and is based on the idea that
interactions with physical or social environments can lead to a disequilibrium. In the case of a partner model
contradicting the model of a learner’s own knowledge, intrapersonal (Piaget & Inhelder, 2008) or interpersonal
cognitive conflicts (Doise & Mugny, 1984) might occur. A learner can solve such conflicts by selecting specific
topics and discussing them with the learning partner. Bodemer and Scholvien (2014) found that learners
provided with partner-related information by a group awareness tool search for and prioritize topics visualizing
cognitive dissimilarities to their learning partners before discussing less relevant topics. The concept of
explication can be associated with audience design which means that speakers design each utterance for specific
listeners (Clark & Murphy, 1982). In the case of visualizations supporting learners to estimate their partner as
less knowledgeable, they might explain more to this learning partner. Regarding this, Dehler, Bodemer, Buder,
and Hesse (2011) found that learners supported by a comparative visualization of learners’ own and their
respective partner’s knowledge explained more in a discussion than learners without support, when a learning
partner’s deficit was visualized.

Overall, we can summarize that the visualization of combined content- and partner-related information
can determine learners’ focus and induce them to explain more to a learning partner. However, while both types
of learner support have been evaluated separately, they have not been tested yet in one experiment that allows
for comparing the impact of both. Thus, it is our objective to separate content- from partner-related information
and investigate their single effects on learning behavior exemplarily for the GRT. We can conclude from the
above that learners knowing more than their learning partner give longer explanations, if partner-related
information is given. Further, we could assume that this effect might be especially strong, if content-related
information is also given, since this combination was used in most tools that showed an effect on explaining
behavior. Further, it is plausible that a list of several sub topics might evoke more detailed explanations than
only being aware of the main topic, since a summary of principal issues could remind learners of relevant
aspects that might be forgotten while explaining without such support. However, Erkens, Schlottbom and
Bodemer (2016) found that learners gave more explanations without the visualization of content-related
information. So it is still an open question, if there is an interaction effect of both partner- and content-related
information on the length of explanations. Finally, we ask, which visualization of the given information
supports elaboration or rather selection of topics best.

Method

To conduct our laboratory experiment lasting one and a half hours we recruited atotal of 120 university students
(42 men; 78 women; mean age: M =23.84,SD=4.40). The participants were either paid 12 Euro, or received a
certification on their contribution, and were randomized in a 2x2 factorial design to ensure evenly distributed
knowledge on the topic to be learned prior to the collaboration (p = .71). As can be seen in Figure 1, we
deployed four different visualizations to support the four groups during the collaboration: (1) one visualization
neither displaying content- nor partner-related information, (2) another one displaying no content- but partner-
related information, (3) one displaying content- but no partner-related information, and (4) one displaying both
content- and partner-related information. Consistent with the GRT’s functions, content-related information
stands for displaying a list of topics (bold text listed in (3) and (4)) with related concepts (normal text listed in
(3) and (4)) generated from the texts used in the study. Partner-related information stands for visualizing
partner’s topical extent(s) as a grey bar. Own topical extent(s) was visualized as black bar. Said topical extents
(bars) were based on the knowledge that was imparted to the participants by a text on climate change.

As dependent variable, we captured communication behavior that was operationalized as the length of
explanations given to a partner and we controlled for time of text re-reading as a covariate. Further, we
qualitatively examined the behavior of particularly successful or unsuccessful learners more closely and
contrasted the best and worst learner of the most contrasting experimental groups, (1) and (4), to learn more
about the quality of explanations.

CSCL 2017 Proceedings 128 © ISLS



(1) No content- & no partner-related (2) No content- but partner-related
information visualized information visualized

] = = me partner

. waw

(3) Content- but no partner-related (4) Content- and partner-related
information visualized information visualized
Eme W me partner
% N o 100%
Anthropogenic greenhouse effect (T2) Anthropogenic greenhouse effect (T2)
carbon dioxide emissions increase in carbon carbon dioxide emissions, increase in carbon _

dioxide, economic interests, mbustion of fossil
energy sources, changes in land use

s oo

emerging and developingcountries, wood
clearing, competition forland, foodstuff,
overall carbon footprint

dioxide, economic interests, mbustion of fossil
energy sources, changes in land use

Biomass imports(T8)

emerging and developing countries, wood
clearing, competition forland, foodstuff,
overall carbon footprint

Biofuels (T6) I
bioethanol, biodiesel, biogas,
hydrogen, synthesis gas

Biofuels (T6)
bioethanol, biodiesel, biogas,
hydrogen, synthesis gas

Carbon cycle (T4) carbon eycle (12) | A RREEEEEEI
inorganic carbon, organic carbon, carbon sinks, inorganic carbon, organic carbon, carbon sinks,
shift of carbon sinks, balance

shift of carbon sinks, balance

short-wave radiation, reflection, absorption,
long-wave radiation, greenhouse gases

Natural greenhouse effect (T1)
short-wave radiation, reflection, absorption,
long-wave radiation, greenhouse gases

cxonveraty() |

questionability of compensation, fertifization,
nitrogen, nitrogen emissions, operatingenergy

Carbon neutrality (17)
questionability of compensation, fertilization,
nitrogen, nitrogen emissions, operatingenergy

Ecosystem (T3) I
biotope, biocenosis, producer,
consumer, decom poser

Ecosystem (T3)
biotope, biocenosis, producer,
consumer, decom poser

Bioenergy (T5) . Bioenergy (T5) _
photosynthesis, biomass production, renewable photosynthesis, biomass production, renewable
energy, biomass cmbustion, liomass onversion energy, biomass cmbustion, biomass @mversion

Figure 1. Four visualizations with different content- and partner-related information. Content-related
informationis given in (3) and (4) with topics in bold text and concepts in normal text. Partner-related
informationis given in (2) and (4) with the partner’s knowledge visualized as grey bar(s).

Procedure and instructions

The idea of our study was to reconstruct a real collaborative scenario with learners asking and answering
questions instead of triggering a real discussion in order to ensure controlled framework conditions. Although
this article presents only results related to the phase of answering questions or rather explicating, we outline the
whole procedure in the following (cf. Figure 2) for better comprehension. The experiment was conducted with
each participant working on a single computer. After welcoming and declaration of consent, the participants
were informed that they had to read and memorize a text on climate change within 15 minutes forming a basis
for their later explanations and to simulate a collaboration with two other participants, of whose non genuine
nature they were aware. Following a pre-test to evaluate their knowledge, they were instructed to ask their first
learning partner (A) questions. During the simulated collaboration they were provided with a visualization
illustrating a scenario in which they had less overall knowledge than their learning partner A (similar to Figure 1
but with other values or rather shorter bar lengths). The participants were supported by a representation showing
their own knowledge status and visualizing (or not) a list of topics and main concepts presented in their own and

Preparation: | | 1. collaboration: I | 1. collaboration: I | 2. collaboration:
read text on mm) ask partner A mm) read text of mm) give explanations

climate change questions l partner A | to partner B
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Figure 2. Graphical overview of the experiment’s procedure.

their learning partner’s text and visualizing (or not) bars that represent their learning partner’s extent of
knowledge allowing for comparison to the partner status. They should write down then a minimum of three
questions as open text. After this first learning phase, they were informed that learning partner A had not the
task to ask questions but to write a text about his knowledge on climate change and that they should carefully
read this contribution within 10 minutes. Following this phase, participants were requested to give explanations
to questions of their second learning partner (B) (cf. Figure 3) to simulate a discussion with a partner that might
disclose a possible adaption to the available partner’s knowledge. This time, the participants were supported by
a visualization based on a scenario in which they had a higher overall knowledge than their learning partner B
(cf. Figure 1), which means that they had the same availability of content- and partner-related information as in
the first collaboration, but the lengths of bars was mainly longer in the respective visualization. The learning
environment offered to make their contributions as open text again. Finally, participants had to take a post-test.

Instruments and variables

Length and topical scope of explanations

During the second collaboration, we presented the participants three questions of the bogus learning partner:
(1) “What are the decisive advantages of energy from biomass against the background of global warming?”,
(2) “What are the decisive disadvantages of energy from biomass against the background of global warming?”,
and (3) “What are your conclusions regarding energy from biomass against the background of global
warming?”. Under each question, we presented the respective visualization on the left, a possibility to access the
text on climate change on the right, and a scalable input window for answering the question with an explanation
of any chosen length in the middle (cf. Figure 3). Subsequent to this bogus collaboration, we counted the
number of words for each answer and cumulated them to calculate the total length of explanations. Further, the
elaborations were investigated concerning included topics to contrast the best and worst learners in the
experimental group with no visualization of content- and partner-related information and in the experimental
group with partner- and content-related information given. Therefore, we counted the occurrences of each topic
within the three explanations per participant and summed them up.

Time spent re-reading the text on climate change

On each of the three pages for answering the learning partner’s questions, learners had the possibility to access
the text on climate change (cf. Figure 3) and read it as long as they wanted. We herewith wanted to create a
situation with all participants being able to fall back on the same content knowledge. We measured the time
between opening and closing the text each time it was opened. Finally, we summed up all values per person to
establish the total time of re-reading while explaining. We chose this total time as control variable, since it is
probable that more time of re-reading the material might come along with less time for writing explanations,
and might also be predictive for the length of explanations.
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Figure 3. Participants’ view on the learning environment during the collaboration.
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Score of knowledge test pre and post the collaboration

The knowledge test consisted of 36 statements related to four topics in the text on climate change and to two
topics of the first bogus learning partner’s text. We presented the statements (e.g. “Photosynthesis ensures that
plants gain energy to produce dead matter” or “The total carbon content of the earth is constant) prior to the
collaboration (pre-test) and afterwards in randomly rotated order (post-test). Participants had to state whether
the answer was true or false. In order to calculate the total score of the knowledge test, we checked for each
item, whether the given answer was correct or not. Finally, we summed up all points for both times of measure
(pre and post). Thus, both total scores could range from 0 to 36 points. They were needed to identify the learners
with the highest and lowest knowledge gain in the different experimental groups.

Results

For answering the question of how partner- and content-related information affects learning behavior, we
observed the impact of different visualizations on the length of explanations and on learning results. All effects
are reported as significant at p < .05.

Impact of partner-related and content-related information on explanations

We hypothesized that learners supported by the visualization of partner-related information explain more about
subject matters than learners without partner-related information. Further, we investigated if this effect is
particularly strong, if additional information on the content is given. For investigating these assumptions, we
used a two-factorial ANCOVA with availability of partner-related information and content-related information
as between-subject factors and the number of total words in explanations per person as dependent variable.
Further, we controlled for the time of re-reading the learning material to keep the prior knowledge constant
across learners. This covariate was suitable to be included in the analysis, since it fulfilled all preconditions.

The covariate re-reading time was significantly related to the count of words in explanations,
F(1,115)=12.16, p <.001, np>=.096. The longer the time of re-reading, the shorter the explanations.
Regarding the assumption that available partner-related information triggers longer explanations, results
indicated a significant main effect of partner information on the number of words used in explanations,
F(1,115)=3.97, p=.049, np>=.033. Further, results yielded no significant main effect of content-related
information on the number of words used in explanations, F(1, 115)=0.12, p =.725, np*>=.001. Finally, there
was no interaction effect of partner- and content-related information on the number of words in explanations,
F(1,115)=0.13,p=.716,7mp>=.001. Table 1 shows related descriptive statistics.

Table 1: Number of words in explanations

content-related content-related information overall
information given not given (N=120)
(n=061) (n=59)
M SD M SD M SD
partner-related
information given 256.00 95.05 249.90 78.07 253.00 86.45
(n=61)
partner-related
information not given 225.03 98.65 22497 85.75 225.00 91.74
(n=59)
overall
(N=120) 240.77 97.29 237.64 82.19 239.23 89.82

Contrasting cases: Comparison of successful and unsuccessful learners

To learn about the quality of elaborations, we examined the behavior of particularly successful or unsuccessful
learners more closely and contrasted the best and worst learner of experimental group (1) with neither partner-
related nor content-related information and experimental group (