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Preface

On behalf of the whole CSCL 2019 organizing team, we are delighted to welcome you to Lyon! Our theme is

A Wide Lens: Combining Embodied, Enactive, Extended, and Embedded Learning in Collaborative
Settings.

Promoting productive collaborative interaction in varied contexts requires studying the interdependencies of the
complex ecosystems in which collaborative learning takes place (e.g. school, museums, work, play). In Cognitive
Science, research under the banner of 4E cognition favors newer paradigms that take into account the role of the
body (embodied), the interactions between an organism and its environment (enactive), and the elements and
aspects in the environment itself (extended and embedded). At this year’s CSCL, we propose 4E learning as our
theme. Submissions that present results on collaborative learning regarding some combination of embodied,
enactive, extended, and embedded learning are welcome. Such a focus translates to studies of various
interdependencies in the learning process: social, emotional, cultural, linguistic, cognitive, and technological.
Finally, treating 4E learning as inherently collaborative means that as a CSCL community, we need to understand
this phenomenon in settings both with and without technology. It is important that as CSCL researchers, we build
on work that while not computer-supported has implications for design and research in computer-supported
collaborative learning settings. In considering collaborative learning as the interplay of factors in a complex
system, we aim to create novel interdisciplinary integrations and thereby extend and reinforce the CSCL Learning
Sciences community with new ideas.

We hope you enjoy the program as well as visiting our beautiful city!

Kris Lund, conference chair CSCL 2019 (on behalf of the whole team)
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Abstract: With the growing integration of technology in the classrooms, learners can now
develop collaboration skills by applying them across diverse contexts. While this represents a
great opportunity, it also brings challenges due to an increased need to support individual
learners across multiple learning activities. We propose a technology-enhanced learning
ecosystem called UbiCoS that supports learner help-giving during face-to-face collaboration
and across three different digital learning environments: an interactive digital textbook, an
online Q&A forum, and a teachable agent. In this paper, we present a first step in the
development of UbiCoS: five co-design sessions with 16 learners that give insight into
learners’ perceptions of help-giving. The findings provided us with technology-related and
curriculum-related design opportunities for facilitating learner interaction across multiple
platforms.

Introduction

Computer Supported Collaborative Learning (CSCL) is becoming ubiquitous in part due to the increasing
presence of technology in formal learning environments, creating learning scenarios which involve multiple
activities distributed across physical and virtual spaces. For example, learners in a classroom may move from
having a face-to-face discussion surrounding the speed of a moving car, to watching and commenting on an
online video on the same topic, to completing a problem set at home using a digital environment. Given these
diverse contexts, Dillenbourg, Jéarveld, & Fischer (2009) articulate a growing need for researchers to explore
how CSCL fits into broader pedagogical scenarios rather than designing a single CSCL experience for learners.

Integrating multiple CSCL technologies in a classroom creates unique opportunities for understanding
and facilitating learner development of collaboration skills. Through interaction via multiple technological
platforms (e.g., discussion forums, wikis, online Q&A), learners leverage their skills in different contexts; their
collaborative interactions facilitate the development of literacies related to collaboration, problem-solving, and
the subject domain. However, while the use of a single CSCL technology in formal education can lead to
improvement in learning performance, integrating multiple technologies within a single classroom practice
comes with behavioral, pedagogical, and logistical challenges (Dillenbourg & Jermann, 2010). The same learner
might behave differently when interacting online rather than face-to-face and may struggle to transfer
knowledge and skills across platforms. Our research vision is to explore how we can design multiple
technological platforms within a learner-centered classroom to facilitate collaborative skills, with a focus on
mutual help-giving. Mutual help-giving involves a collection of behaviors including sharing resources,
explaining concepts, giving feedback, and challenging each other’s reasoning (Johnson and Johnson, 2009).
Learners have many opportunities to engage in these behaviors as part of their schooling, ranging from brief
informal interactions while working on an assignment to discussing ideas on an extended group project.

We have created a novel learning environment, called UbiCoS (Ubiquitous Collaboration Support),
that includes three platforms where learners engage in help-giving surrounding ratios and proportions concepts.
The first technology platform is Modelbook, an interactive digital textbook integrated with a discussion forum
which is intended to be used synchronously and collaboratively with one’s peers (see Figure 1, left). In the
environment, learners can see questions relevant to each page of text (posted by their classmates or teacher) and
have a single discussion in response to each question. The interactions in the textbook are intended to be similar
to face-to-face discussion in the classroom but lower the barrier for participation since all learners are expected
to make contributions, compared to a whole-class discussion where only a subset of learners might participate.
The next technology platform is Khan Academy, which we use for asynchronous collaboration with a
geographically distributed learning community (see Figure 1, right). While Khan Academy is well-known for its
instructional videos, it also has a collaborative learning space where people participate in knowledge
construction by commenting on videos to ask and answer questions about the content (www.khanacademy.org;
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Taton, 2011). We expect learners to see similar benefits in answering questions on Khan Academy as on
Modelbook, although because interactions are asynchronous, learners can take time to phrase their answer to
produce more explicit and thoughtful explanations (Wu & Hiltz, 2004). However, learners may feel less
connected to this platform due to its asynchronous nature and anonymous peers (Hiltz, 1998) and limit their help
giving behavior. The third technology is a speech-based teachable agent, Cobi. Learners interact with Cobi
using spoken language and a web application. The web application displays a problem description and partial
worked-out solution steps in table form to guide the learners in their teaching of Cobi. There is a microphone
image that learners use to press and talk to Cobi. Learners walk Cobi through the worked-out problems using
spoken language, explaining each step. Cobi listens and responds with questions, self-explanations, and
encouragement (Lubold, Pon-Barry, & Walker, 2015). During these interactions, we expect learners to benefit
by articulating their reasoning and responding to agent questions. Learners may also feel as though they can
make more mistakes when interacting with an agent rather than a peer (Chase, Chin, Oppezzo & Schwartz,
2009). On the other hand, they may be frustrated by the relative limitations of the agent (e.g., imperfect speech
recognition, limited ability to explain its reasoning).

The goals for UbiCoS are twofold: Provide a platform for improved understanding of how
collaborative skills transfer across activities and support the development of these productive collaborative
interactions by scaffolding learner and teacher practices. These goals are difficult to achieve, as there are several
designs and logistical challenges related to building such a complex system. In this paper, we take a first step
towards the design and development of UbiCoS by investigating the following research question: What are
learners’ motivations and strategies for help-giving? To shed light on this question, we engaged in five co-
design sessions with middle school learners surrounding this theme. Using the results of these sessions, we can
begin to design a curriculum and related technological support that facilitates learner help-giving across multiple
platforms.
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1. Look at other g sve a panda this activity :/ i
AR Lt Reply - Comment A v 5]
give a complem
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Figure: 1. (left) discussion on the right—fland side of the interactive digital textbook;
(right) Khan Academy discussion.

Student input: Co-design sessions

With the above platforms as our starting point, we conducted a series of co-design workshop sessions with 8th
graders to understand learner perceptions of help-giving and how they could inform our approaches for
technology and curriculum design. Over seven months, we conducted five after-school two-hour workshops. We
followed Sanders’ (2003) approach to participatory design, where users’ participation reveals their underlying
goals and needs. Participants came from different schools within a single school district located in the
Southwestern United States and were part of a district leadership program that met regularly after school
throughout the year. 87% of learners in the district qualify for free or reduced priced meals. In total, 16 learners
participated in the sessions (9 female, 7 male).

To build rapport between learners and researchers, all workshops started with 15 minutes of
unstructured social time over food. The goals for the first workshop were to familiarize learners with the project
context and goals. Learners interacted with two of the digital contexts (the interactive digital textbook and the
teachable agent), and designed achievement badges based on their previous collaboration experiences outside of
these sessions, as well as the two technologies they used in the session. The goal for the second and third
workshops was to understand how learners conceptualized aspects of technology-based support. In the second
workshop, learners participated in a group design activity to brainstorm and create their own intelligent agent
within the Khan Academy context, including its appearance, characteristics, and behavior. They were then asked
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to draw and describe their agents, as well as to develop a skit depicting interaction with their agents. In the third
workshop, we took the Speed Dating approach (Davidoff, Lee, Dey, & Zimmerman, 2007) and presented
learners with several scenarios of various help-giving dialogues, enacted by Anki’s Cozmo robot
(www.anki.com/en-us/cozmo). We then had learners write and enact their own dialogues. In the fourth
workshop, we further investigated help-giving motivations. Learners played a game where there were
opportunities to informally help each other, filled out a self-report questionnaire related to their motivation more
generally, and discussed their responses. The goal for the fifth and final workshop was to leverage learners’
expertise as users and get their feedback on three preliminary findings and three design ideas. Learners first
individually wrote down their thoughts on each item we presented, and then we discussed them as a group.

These sessions resulted in videos, discussion recordings, and paper artifacts. Rather than analyzing
each workshop individually, we analyze their results in conjunction to better understand our research questions.
Our analysis follows the general inductive method (Thomas, 2006). Several members of the research team
initially generated codes for the data. All data was then coded by one of the authors in two distinct passes. To
validate the clarity of the coding, another author was handed a set of thirty data points (18.9% of all data) as
well as the list of codes and was asked to assign codes to the data. Agreement between both raters was
acceptable, Kappa=0.692. As additional validation, findings were discussed with the learners themselves in
Workshop 5 (W5).

Throughout the workshops, learners discussed and demonstrated motivations for helping others.
Perhaps the most salient reason for helping was reciprocity. One should help others because they have helped
you before or could help you in the future. For example, when learners developed a script in which an agent
tries to convince a learner to help someone else (W3), other learners had the agent appealing to reciprocity:
“They helped you before, so the best thing to do is help them.” Another learner commented on his motivations:
“They always helped you before (...) you're always gonna need help sometime (...) if you help them they might
help you.” Along similar lines, learners also expressed the notion of helping their friends in need. In W3, when
asked for feedback on whether the prompt “It is a great practice to learn too” would motivate a learner to
answer a question, learners quickly and emphatically replied that it would not. Asked how they would prompt
help instead, they proposed “your friends need help.” Learners also exposed their reasoning for not helping
someone as they should already know the content. For example, a learner told us about a time when he was
aggressive to a request for help in his class: (W3) “Because we had learned it the year before that, everybody
already knew it Similarly, learners may also be unwilling to help when they have already helped several
times. Both groups acknowledged this into their W3 scripts: “but I already answered it 4 times.” Learners also
expressed their lack of time or bad mood as other reasons for not helping.

A second major theme brought up by learners was their strategy for giving help. The most striking
feature of their strategy was a focus on empathy and feelings before actual content. For example, the badges
learners developed in W1 highly focused on the social components of help-giving rather than on cognitive ones.
Themes such as fighting to bully, being welcoming, and showing etiquette were prevalent across learners’
badges. Furthermore, in W2 one of the agents was described as having feelings, and its skit began with the agent
automatically detecting that the learner was sad (“What’s wrong?”) before proceeding with the content
explanation. One learner explained the reasoning: “if you 're a strict person giving directions the person you're
telling will lose track of you and doze off while you explain it. But if you're friendly, if you are friends with
them, you can keep asking if they get it and since they know you they’re gonna listen to you better” (W5).
Learners also repeatedly expressed their concern with the clarity and conciseness of information. For
example, a learner wanted the support to “give enough information to the point they [learner seeking help]
understand” (W5). Similarly, other learner commented their approach for helping: “Give them [other student]
the key ideas so it helps them better” (W5) and that we should make sure that “the information that the system
gives is comprehensible and not confusing” (W5). Finally, there were diverging opinions on persistence while
helping. When prompted whether they would persist in trying to help someone who needed help, the majority
of learners said that they would persist (W5). Learners also expressed strong reliance on knowledgeable help
(i.e., teachers) especially when they could not help any further. For example, in W5 a learner suggested adding
to the textbook app a chatroom with the teacher in case nobody could help you. Another learner suggested that
instead of the “Activity recommendation” feature we proposed in W5, we added a “Teacher help” feature. He
justified it in this way: “Every time I ask some of my friends they usually don’t understand, so they just ask the
teacher.”

Conclusion

In this paper, we presented results from five co-design sessions that contribute to an understanding of learners’
perceptions of and strategies for help-giving by emphasizing learners’ focus on helping their peers, their
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prioritization of feelings in addition to content, and the need for authoritative sources to confirm the help they
are giving. One contribution of our approach is that we present the learners’ reports of their perceptions of help-
giving behavior and motivations to engage in these behaviors in the classroom. Based on the results from the co-
design, we have new insight into how to design curriculum for help-giving across the different contexts. For the
interactive digital textbook, it is essential to build on the foundation of a positive classroom community (where
learners have bonds of friendship and a mutual history) such that these bonds transfer to the digital setting.
Many learners cited previous experiences as their reasons for giving help: Have they helped the person before?
Could they in the future? Is the person a friend? They often focused on providing social or emotional support
before cognitive. Making both who the learners are helping and their previous relationships salient in the
interactive digital textbook may motivate more productive interactions between the learners. Notably, there are
different implications for Khan Academy, where the help-seeker may be unknown to the learners. It may be
important here to focus on increasing awareness of the help-seeker’s performance or existing knowledge, so that
learners feel more motivated (e.g., because they can see that the help-seeker has helped others in the past or is
genuinely trying to learn the material). Given learners’ reliance on more knowledgeable (i.e., teachers) help and
connections to their classroom community, bringing learners’ peers and teacher into their interactions with other
learners on Khan Academy may also be motivating for them. Lastly, we conceptualized the teachable agent as a
safe place for learners to practice their help-giving skills. Based on the participatory design results, this may be a
good setting for learners to: 1) focus on becoming more confident in their ability to explain in this particular
domain, and 2) practice persisting with help in the face of the agent “not understanding.” Our findings further
suggest that learners may not see the value of the teachable agent, since it is not part of the classroom
community, and thus potential benefits should be reinforced by the teacher.

To conclude, we conducted 5 co-design sessions to investigate learners’ help-giving motivation and
strategies. The results from the sessions will enable the design a CSCL curriculum and technology to support
collaborative learning across multiple platforms by facilitating communication and interaction between learners.
This paper represents one step towards the ultimate goal of supporting learners in developing their help-giving
skills as they move between physical and digital contexts.
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Abstract: This paper focuses on the initial implications of students’ extended activity between
virtual and in-presence learning. The study is part of an ongoing project founded in 2018in a
CSCL setting titled “e-PIm” (Incubator of Immersive Pedagogy for Virtual Reality) taking
place in a secondary school in France labelled as pilot in 2016. For this study, some data are
selected and qualitatively analysed. The implication of the implementation of the Multi-user
Virtual Environment emerge in the field of didactics, student-teacher interactions, and
students’ corporal and socio-cognitive behaviours; the uses of the MUVE are revealed to be
an ongoing transformative learning experience through an extended learning space and
institutional change.

Introduction

For long time, the walls of the classroom and the school were the limited space where students shaped their
learning. This “broadcasted mode” gave a central role to teachers and scholastic books. Technology, the
multicultural dimension and continuous social and economic change have disrupted and undermined the
traditional system: learning environments have multiplied, going online (Tapscott, 2009) in clouds. It is
acknowledged that learning technologies do not necessarily involve innovation, rather they are catalysts that,
when used well to carry out a communal piece of work or task, allow high engagement and active learning
between school and life (Dawley and Dede, 2014) and within virtual communities (Preece, 2001).

One way to extend learning between the classroom and the virtual realm is the use of MUVEs. Made
popular by Second Life, the MUVE is an immersive 3D virtual space where people, entering the space via their
avatars, meet and interact with one another and with 3D objects in real time. The use of a virtual space in the
classroom can introduce changes to how the teacher executes, facilitates and releases the learning through
authentic tasks involving 3D object manipulation, creativity and corporal mobility via avatars, which bring
change to how the learner acquires, applies and constructs knowledge (Jung & Latchem, 2011). This paper
focuses on the initial implications for students’ extended activity between virtual and in-presence learning, from
the general broad perspective of how technology-supported collaboration can facilitate the sharing and
dissemination of knowledge and competencies among community members (Di Blass and Paolini, 2014). The
study is part of an ongoing project entitled “e-PIm” taking place in a pilot secondary school in France (students
from 11 to 15 years old). For this study, some data are analysed and initial research results are presented.

The project: Incubator of Immersive Pedagogy for Virtual Reality

The project “e-PIm” takes place in a pilot school, in line with the Digital Plan for Education launched by the
French government in May 2015and related to the appropriation of tablets distributed by the academy as part of
the "Connected Schools" project. The school set out on the path of digital experimentation in 2016 and is being
financially supported by the Digital Education Directorate from 2018 to 2021. The three aims of the project are:

1) to propose a scientific study over a period of 4 years (since September 2018). It is about the
technological and social conditions of appropriation of virtual reality, in a network of primary and
secondary schools;

2) to support, on the territory of the academy via a collaborative network, the sharing of knowledge
resulting from the joint work of researchers and teachers;

3) to create a training guide for trainers or teachers wishing to get involved in this field.

The general project considers Participatory Action Research (Wadsworth, 1998) for an interdisciplinary
approach, involving didactics, sociology, psychology and management science. Within this method,
participatory and collaborative processes are developed with and the aim of achieving a critical change of
practices, through continuous spirals of planning, action, observation, reflection and re-planning (Mclntyre,
2008). The research is built on four immersive pedagogy projects developed by the teachers at the school in
collaboration with the ITC and research partners: 1) "Interdisciplinary" is an experiment in 3D scriptwriting of
lessons (English, Italian, French, History, Mathematics, Technology), on two 5"-year classes in which students
are asked to build 3D objects in the virtual school and give meaning to them within the framework of a scenario
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dealing with the seven new wonders of the world; 2)"Language and International" focuses on remote linguistic
exchanges between the French students and a class of correspondents, via their avatars who visit and explain the
meaning of a virtual exhibition prepared beforehand and showing photos of their favourite places in their city;
3) "Homework" is about help with distance work that allows small groups of students to benefit from homework
support provided by a school teacher in their home environment at the end of the afternoon; 4) "Work on
SEGPA": The MUVE is used here for learning in two different trades as well as in general disciplines.

The global strategy of data-gathering, launched back in 2016 and still ongoing, is proposed in a
longitudinal approach. A multilevel approach considers the territorial, organisational, collective and individual
level. In this way, we view the appropriation of the 3D space from a different, complementary and
interdisciplinary perspective, as represented in Figure 1.

Jan 2016 June 2016 Jan 2017 June 2017 |Jan 2018 | June 2018

Official Material Official Incubator Reduction

label ressources ) Team project of iPad use
Meeting Meeting

Experts for collective Engagement in Virtual collaboration Online

use the script work Script work space
I Teacher-Researcher

Maths and German: use of PI3D Maths, German and English: No expert Addition of 3 scripts; after-work,

it @ (i aline Sars: iPad ltalian class collaborative and language

Maths. Spanish and German: iPad use oS
Deny videos Close login Open login Allow videos Technical problems (internet; etc...)

Implementation of a collaborative space + more iPads acquired Open call

Figure 1. Multilevel approach to data-gathering.

Methodology

Ethnographic observations (with note-taking and photos), analysis of the virtual space (written text in chat,
forum, recording of online activity and online discussion) and collection of practices inside the school (verbal
exchanges, report minutes, individual interviews) have been made since January 2016. To organise the data, the
NVivo software is used to structure the corpus and encode it with specific dimensions and shared encoding
between the researchers’ group following a grounded approach.

The aim of the study

The research questions are: What are the main first direct implications of the project for students’ extended
activity between virtual and in-presence learning? What indirect implications does the project have for teachers
and the school in general?

Initial analysis of data

For an answer to the research questions of this study about the initial direct implications of the project for
students’ extended activity between virtual and in-presence learning and the indirect implications of the project
for the teachers involved and the school in general, the corpuses of data selected are: five student interviews and
direct online and in-classroom observation; nine teacher interviews on different subjects relating to students
online and in-classroom activity; two video recordings of meetings between teachers and researchers. An
analysis of content and discursive exchanges is applied to data (Bezemer & Kress, 2017). Four dimensions
emerged from the selected data: MUVE didactic affordances; MUVE student-teacher interaction, MUVE
students’ corporal and socio-cognitive behaviour.

Findings
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Regarding the 3D space’s affordances for didactic activity, for the teachers, we observed a rise in mental load
with an increased permeability between working time and home time for the scripting activity. This time seems
counterbalanced by the benefit of being able to make children work with this use of technology. The teachers
wonder about the opportunity presented by the introduction of the 3D space in relation to their pedagogical
script, linked to the affordances of the technological tools. The understanding of the 3D environment’s potential
offers new opportunities, as this extract shows: "When the coordinator told me about avatars, I said to myself,
why not? We can exchange objects, and on Skype, it does not always work very well". In maths also, the 3D
space is interesting to some teachers as it abolishes the physical limitation: "the skills learned: moving on a map,
[ extended it to the virtual school, we had only two dimensions". For each discipline at the school, the use of the
3D space represents differentiated interests besides the fact that it improves the possibility of situated learning.
Students, on their part, stress the evolution of the use of the virtual space, as a girl from 5 class put it: “We
started before the Christmas holidays, but at the beginning we did not go as often as now, when you do not
know what to do about it ...”.

Regarding the effect of the 3D space on student-teacher interaction, linked with the ITC opportunity,
teachers suggest that use of the 3D environment improves interaction with students, which can be different,
focusing on a new modality of learning. For example: "In the classroom I move around to advise and help, and
it's easier when you have an assistant. On the platform, it is all the more possible because we have the
headphones and the microphone, in the classroom it is difficult, there is a lot of noise that can disrupt
communication, but in the virtual school not yet”. The use of 3D helps teachers to interact with students in a
new way, with a “silent body”, the avatar, which allows idealistic communication without disturbing
interferences.

Regarding the effect of the 3D space on the behaviour of the students, the teacher interviews stress the
physical implications for their classroom activity. Although the students can be “quieter” in the classroom
because they are sitting ("the students are no longer disturbing the class when they are able to connect"),
paradoxically, students are very active online ("Children in the space are much more dynamic, there they were
very active behind their screen”). At the same time, the use of the 3D space can also help to support the students
in a particular part of the day or of the year, when they are more tired ("at the end of the year we must also give
new motivation to the good students, who begin to get tired, and the students with difficulties...””). Finally, for
the children interviewed, the 3D space represents either a space of creativity, or a space of motivation and
resilience used at school as well as at home. The uses of the MUVE when children are at home, helps and
support distant exhanges with their teacher in the aid device to homework’s in particular. When used to achieve
collective tasks in class, it enhances exchanges also, for profiles of very shy children who have difficulty
participating.

Regarding the effect of the 3D space on institutional change, during the process and the exchange
between teachers, researchers and students, different points are constantly being negotiated, like the right to take
pictures of students’ faces and the authorisation to destroy 3D objects or virtual documents (“if we leave the
documents in the immersive space, they can be damaged, modified, or deleted, how do we protect them?”). As a
consequence, the script with the MUVE is continually evolving in relation to technical and administrative
aspects, linked to the prescriptions of the curriculum and teachers' preferences, like in this teacher’s comment:
“... unless the government comes back on those two hours a week, we work together with a maths teacher who
guided us to the virtual school: with the avatar it is better to break the ice, offering a nice, warm welcome in a
space for discussion”.

Discussion
As shown by the initial data analysis, the implementation of the project, and in particular the MUVE
technology, have had and still have implication for didactic, student-teacher interaction, students’ corporal and
cognitive behaviour and institutional change, becoming an ongoing transformative learning experience.

Regarding the 3D space affordances for didactic activity and student-teachers’ interaction, we stress
how the introduction of technology oblige the teacher and also the student to rethink the traditional model, as
widely discussed in the technology. The process of appropriation also includes aspects concerning the mutual
influence between the technology and the users (Overdijk & van Diggelen, 2008), with a simultaneous
transformation process including the learner and the tool and where the learners are also teachers. The
originality of our initial finding lies in the socio-professional and organisational conditions for teachers to
develop individually and collectively creative scripts within their professional group

Regarding MUVE students’ corporal and cognitive behaviour, the introduction of new digital
technologies such as MUVE puts a new non-linguistic, bodily and visually learning dimension at the centre of
users’ experience, removing language from the dominant vector of the experience. Moreover, teachers are
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becoming aware through their experience of the MUVE that extended learning between online and in-presence
also implies an embodiment framework as a unifying perspective, considering that all psychological processes
are influenced by body morphology, sensory systems, motor systems, and emotions (Glenberg, 2010; Schubert
& Semin (2009).

Regarding technology in MUVE institutional change, an educational institution generates tensions
between an old system of working and the new one, which needs to be accommodated and assimilated by all of
the community involved (Jones & Issroff, 2007). At the same time, the students, teachers and all the
administrative staff of the school, supported by the ITC office and also researchers in geographic proximity,
need to make sense of the new technology alone and as a group, finding a new opportunity for learning and
action.

Conclusion

The observation and data collected show that this experimentation with a MUVE extends and strongly
transforms the learning space by giving teachers, students, parents and the whole educational team the
opportunity to exchange, strengthen and build new ways of experiential learning (Jarmon et al., 2009) through
projects, involving a wide range of experience (manipulation, social exchange, 3D object creation) from various
disciplines. The originality of our work lies in the general application of the MUVE space in the school. We can
consider how extended learning is enacted following a multilevel approach, with implications for organisational,
collective, individual and territorial transformation. In order for expansive learning to take place, students,
teachers and researchers need to be involved in collaborative actions, generating a rich exchange of practices
enabling the transformation of the activity. The adoption of the Participatory Action Research, involving the
students, the research team, teachers and ITC partners on a daily basis, enables this collective work oriented
towards a critical change of practices, through continuous spirals of planning, action, observation, reflection and
re-planning. These initial results will be further analysed in the longitudinal appropriation of the 3D MUVE by
the school.
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Abstract: Constructing, sharing, and contesting models of the natural world is central to
scientific inquiry (Latour, 1999) yet in K-12 science classrooms, students are rarely engaged in
modeling processes of collecting data, authoring varied representational forms, and engaging in
science argumentation. Science inquiry also tends to involve faraway locales, distant from
students’ extensive everyday knowledge of surrounding spaces and places (Barton & Tan,
2009). In this paper, we share findings from the most recent iteration of a larger design-based
research project that directly engaged elementary students in modeling a local complex
ecological system, the soil ecology underfoot in the schoolyard. We examine how 5th grade
students used interactive GIS maps in whole class discussions, moving between their everyday
experiences in the schoolyard, the data collection experience, and the classes’ aggregated data
in reasoning about complex socio-ecological relationships and explanations.

Keywords: participatory GIS mapping, elementary science, experiential knowledge

Constructing, sharing, and contesting models of the natural world is central to scientific inquiry (Latour, 1999)
yet in K-12 science classrooms, students are rarely engaged in modeling processes of collecting data, authoring
varied representational forms, and engaging in science argumentation. By skipping over these modeling practices,
students are often left with distorted understandings of the purposes of science inquiry and weaker conceptual
understandings of causal systems. Science inquiry also tends to involve faraway locales, distant from students’
extensive knowledge of the surrounding spaces, places and people central to their daily experiences. As a result,
science is often disconnected from youths’ rich daily experiences beyond the classroom walls (Barton & Tan,
2009), limiting what forms of knowledge can be leveraged in science disciplinary learning.

Participatory Geographic Information System (GIS) mapping tools have shown potential in supporting
youth integrating their first person experiences in everyday spaces as they reason with complex data about larger
socio-political systems and processes (Headrick-Taylor & Hall, 2013; Rubel, Hall-Wieckert & Lim, 2017). Recent
research has documented powerful ways in which digital mapping can support both critical conceptual learning
and new forms of participation. Yet further research is needed to understand younger students’ experiences
engaging in participatory GIS mapping and how these digital spatial tools are used by students in collective
classroom activity.

In this paper, we examine the most recent iteration of a larger design-based research project that engaged
elementary students in participatory GIS mapping of an everyday socio-ecological system, their schoolyard and
the soil ecology underfoot (Lanouette, Van Wart & Parikh, 2016). To examine how the interactive maps were
used in classroom discussions, we draw on Saxe’s framework for understanding cognition as process, with
particular concern for how cultural forms come to serve specific functions in collective activity (Saxe, 2012).
Using this framework, we focus on how students used the interactive maps as an intermediary form in their whole
class discussions as they navigate between their everyday experiences in the schoolyard, their collection of field
data, and their aggregated measures to reason about ecological systems (see Figure 1). We ask, how is the GIS
map used in children’s movement between everyday experiences, data collection experiences, and aggregated
data as they construct, share, and contest models of a socio-ecological system?

aggregation and reasoning
about cross-site data (iii)
s

¥
GIS data
» Maps
. -
everyday knowledge data collection: measuring
of local sites (i) variables at local sites (i)

Figure 1. Potential of interactive GIS maps to serve as an intermediary form in collective activity.
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Instructional design and context
This research was conducted in an urban public elementary school (K-5) in the Western United States. In this
most recent iteration of the research project, we worked with one fifth grade class of 27 students. The lead author
designed and taught an 18-lesson curriculum sequence, focusing students’ inquiry on an everyday socio-
ecological system, the soil ecology underfoot in the schoolyard. Across these class sessions, 5" grade students
participated in two rounds of selecting sites for sampling, gathering data out in the schoolyard on both biotic (total
invertebrate counts, earthworms, roots) and abiotic (soil moisture, soil compaction, soil color, soil composition)
indicators, and collectively creating varied visualizations with the classes’ aggregated data (bar charts, two way
tables, paper data maps, digital GIS maps).

Throughout the curriculum, students used Local Ground, an interactive web-based mapping platform
(Van Wart & Parikh, 2013), from early discussions marking potential schoolyard sampling sites to exploring
relationships in the aggregated data maps. Three key design principles guided the iterative development of the
tool design, including supporting (a) multiple data types, such as drawings, photos, audio recordings, and text
notes in conjunction with quantitative data forms, (b) engagement in end-to-end mapping and data processes
including designing protocols, analyzing data, and representing findings in varied formats; and (c) collaboration,
where youth can collectively author the same map or create multiple variations drawing from the same collective
data set.

Methods

In this analysis, we examined three student-led whole class discussions where 13 student pairs took turns
presenting interesting or puzzling patterns in the class-level data using the interactive GIS maps. We selected
these lessons because they involved students leading collective discussions about ecological relationships and
explanations, with classmates’ questions and counterclaims interspersed. As each pair presented, they controlled
the Local Ground interface using a laptop computer next to a large projected screen (see Figure 3b). Data sources
include two video angles of the whole class discussion, screen capture data, and audio recordings.

We engaged in two phases of analysis to examine how students were leveraging their everyday
knowledge of the schoolyard and their experiences collecting data as they used the interactive GIS maps to reason
about ecological relationships and conjecture possible explanations. In the first phase, we marked all instances of
children’s everyday knowledge and data collection and transformation experiences as the pairs shared and
contested relationships in the data. This coding enabled visualizing not only the frequency of children’s uses of
these different nodes but more importantly, it illuminated how students were moving between these different
nodes as they reasoned about key ecological relationships and processes.

In the second phase, we focused on how students used the maps within pairs’ presentations. Findings
from an earlier iteration of this design project documented students’ shifting between the map, the data, and hybrid
blending of the map features and the data (Lanouette, Van Wart & Parikh, 2016). In this analysis, we documented
more subtle uses of the interactive maps as they emerged in conversation. For example, as students leveraged the
spatial dimensions of the color photo map, we noted how it was used to serve different functions such as enabling
children to gather more information about a particular spot (e.g., seeing if there were trees in a location) or to
ground a specific recollection, memory, or experience in a location. Similarly, as kids worked with the aggregated
data, we noted varied movements within the data, from examining just one variable to multiple variables, or
focusing on just one site or several sites.

Findings

We first briefly describe students’ experiential knowledge that surfaced as they reasoned about relationships in
the data and conjectured possible explanations. We then present one vignette from a larger corpus of microanalytic
moments that detail how students used the interactive GIS maps as they moved between different dimensions of
their experiential knowledge and the aggregated data.

Children’s experiential knowledge

Children’s everyday knowledge of the schoolyard spanned ranged from particular moments in one location (e.g.,
“I used to pet bees there when I was in third grade) to considering specific locations across time (e.g., “That spot
tends to flood in the winter months, when it rains a lot”). Children’s knowledge also encompassed multiple
modalities, from recalling sounds, smells, and physical pathways of movement to affective feelings rooted in
particular places. It included detailed knowledge of the natural environment, such as knowledge of sunlight and
shade patterns, areas prone to flooding and plant and animal distributions. Across the three lessons, students in
these three lessons drew on their everyday knowledge 57 times, expressed in verbal utterances and accompanying
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gestures that further elaborated dimensions of their knowledge (such as movement patterns, particular angles of
sunlight, feelings in particular places). Children drew on their experiences collecting and transforming data,
including first-person experiences at pairs’ own site gathering data as well as general knowledge about data
collection tools and processes for using these tools (e.g., soil compaction instruments and procedures for
measurement). Children also drew upon their experiences transforming the data, as they moved from field note
sheets full of sketches, text notes, and tally marks to symbolized and digital forms where several counts were
collapsed into categorical ranges. Across the three lessons, students drew on their data collection and
transformation experiences 28 times.

Interactive GIS map as an intermediary form

In earlier class discussions, students had been noticing a strong relationship between earthworm counts and soil
moisture levels in the aggregated data but when Lena and Max presented, they offered a more complex conjecture:
high earthworm counts occur in locations with moist soil, shade, and roots. With their initial data map view set to
the garden and earthworm data selected (Figure 2a), Lena began talking:

“So I am going to disagree with Mia, sorry. I think it [high earthworm counts at sites] actually
has a lot to do with shade and stuff because worms need lots of moist soil and ... shade too. See
at the garden (pointing to the garden area), there is lots of shade because there are lots of trees.
Now go to the pond (talking to Max, who adjusts the map), and so at the pond, as you can see
there is a lot more sunlight (pointing to the sunny pond areas in a sweeping motion) and there
is not a single eleven or more worms (pointing to data variables on right side of map) because
there is so much sunlight and the soil isn’t really moist, most of it is dry so I think shade and
soil moisture have a lot to do with worms (see Figure 2b).”

Lena and Max then explain that their second sampling site near the playing fields shows this proposed

relatlonshlp perfectly, with hlgh earthworm counts, shade, moist s01l and lots of roots (Flgure 2c¢).
Y Sateiite ] 7 e [ = 3 : .
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Figure 2. Screen captures of Lena and Max’s shifting maps, including the garden (a), pond (b), and playfield (c).

Lena and Max then open up the discussion for questions and comments, with Marcel starting off: “So right now
the cherry tree is really bare so there is still is a lot of sun there and that and you said that places where there is
shade and so it is not providing barely any shade.” Lena replies quickly, adding “ Yeah but well, our lavender
bush is creating lots of shade.” Lena continues, using extended gestures to clarify her site location, showing how
shade cast by the lavender bush by moving her cupped hand back and forth. Lena then turns abruptly to the map
and says, “See this one [plant], right here... see, it is super full” moving the pointer stick and then her own hand
to land on the site on the large map (see Figure 3a). Max simultaneously moves back to the laptop, zooming in
the map to show their site’ s locatlon and plants into closer view (see Flgure 3b)

ha s ~
Figure 3. (a) Lena pointing to her sampling site, referencing the shade provided by nearby plants and
(b) Max moving to the laptop computer that controls the map, using it to zoom into their exact site.
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Another child, Ellis, is then called on by Lena and Max. He uses his group’s site data and experience collecting
data to refute Lena and Max’s earlier proposed relationship. Ellis says: “Well so, I actually kind disagree with this
because like, first of all, our group, we basically have the same circumstances as you... we have a lot of shade,
we have moist soil, and we have roots down there too and we’ve only found one worm so far and we are in that
tucked away corner in the garden.” Ellis then moves up to the laptop, shifting the map view to his garden site,
with relevant variables clicked on to include soil moisture and earthworm counts.

Throughout this short exchange, students used different aspects of the map to serve different functions
in sharing and contesting potential relationships in the data and plausible explanations for these relationships.
Lena and Max begin by showing earthworm counts in the garden and pond area before settling in on their second
sampling site along the playing fields, moving back and forth between the spatial aspects of the color map and
selected symbolized variables. Two counterclaims are raised, with students drawing on their everyday knowledge
of the schoolyard, the data collection experience, and the interactive map in flexible ways. One child, Marcel,
questions the likelihood that one variable, shade, was actually a factor at their location, drawing on his everyday
knowledge of that space. Lena and Max respond, arguing that several plants at the site provide shade, using
extended gestures and the color map to describe the particular site. A second child, Ellis, also contests Lena and
Max’s conjecture that high earthworm counts are related to soil moisture, shade, and roots. He draws on his own
site data gathered in the garden and the first-hand experience of collecting data, changing the map to show his
group’s site and several symbolized data points.

Conclusions

Across these class sessions, children used the interactive GIS maps in flexible and inventive ways as they moved
between their everyday experiences in the schoolyard, the data collection and transformation experiences, and
reasoning about patterns and relationships in their abstracted data. Our findings suggest that by situating
elementary students’ science inquiry in everyday spaces and engaging them in modeling processes of observation,
measurement, and collective discussion using participatory maps supports generative opportunities for learning.
Details such as sunlight against a fence, shadows cast by buildings, and children’s movement across the
schoolyard were accessible and integrated into sharing and considering their peers’ proposed relationships and
explanations. In reasoning this way, children were able to leverage their vast experiential and everyday ways of
knowing in grappling with the complexity of a local socio-ecological system.
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Abstract: Across the United States schools are largely segregated by race, creating schools
that are densely Hispanic and teaching staff that is overwhelming monolingual English
speakers. This has created difficulty in home communication in these schools. This study
looks at ongoing design-based research efforts to engage bilingual students in helping their
teachers become more capable of communicating in Spanish. Through online-delivered
challenges teachers and students work together to complete a series of tasks that help teachers
learn about communicating across cultures and preparing several communication-aids to help
them reach out more frequently. Through a narrative profile analysis, we uncovered the types
of influences the five-week intervention can have on teacher’s home communication efforts,
beliefs in their own ability to develop stronger language skills, and relationships with students,
and we trace the implications these efforts have on teacher practice, design iterations, and
scaling.

The frequency and types of interactions between teachers and parents have important implications for both
students and families. When teachers and school officials reached out to parents regularly, Epstein (1991)
reported that parents are more likely to help their students with projects and assignments. The same study
concluded that as parent involvement increased, parents were also more likely to feel positive about their
children’s abilities to succeed in school. Recent meta-analyses arrived at similar conclusions (Castro et al.,
2015; Jeynes, 2003).

Communication with parents becomes increasingly complex for teachers when they don’t speak the
same language. Gandara (2005) described this widespread problem: “Typical respondent comments cited the
teacher’s inability to speak the parents’ language. While teachers acknowledge the value of family and
community in the education of these students, many feel unable to call on this critical resource” (p. 10).

It may well be the case that increased training is requisite for making inroads in-home communication
efforts with Spanish-speaking families. Gandara (2003) noted that among teachers who taught English
Language learners (ELL), 23% of them reported that they had trouble communicating with the parents of ELLs.
That number went up to 30% when the teacher had received no or almost no training on communicating with
parents of ELLs. These numbers are likely much higher in regular education classrooms, where teachers are
much less likely to receive special training for communicating with the families of ELLs.

We report on the efforts to offer online training modules that present a problem-based scenario where
teachers and students use their respective skills to build bilingual communication aids designed to enhance
school-home communication. In this way, the types of situated skills that students develop in their everyday
lives can lend support to teachers trying to communicate with parents.

There is cursory evidence to suggest that students have the resources to help teachers navigate the
tensions that can arise between wanting to communicate more with Spanish-speaking families and not having
the ability to do so quickly and effectively. Both Valdés (2014) and Orellana (2009) document the social and
cognitive benefits as well as particular skills developed by the children of immigrants who grow up translating
and interpreting for their parents. Particularly, they highlight young interpreters’ skills and abilities to translate
effectively, help teachers understand community norms of effective communication, and navigate the power of
student-teacher relationships in a way that is mutually enriching.

This paper presents preliminary findings from a design-based research intervention, “Spanish For
Lunch” (SFL). This intervention aims to incorporate the Spanish language abilities of students, specifically by
involving young interpreters as the principal facilitators of phrase-based Spanish instruction. Our research into
the intervention uses qualitative, interview methods to learn about the teachers’ experiences using the online
resources to structure the challenges and work with their students to help them to both communicate with
families and build partnerships with students.

This narrative research study (Seidman, 2013) was guided by these research questions:

1. How does participating in the SFL program aid teachers in developing positive, frequent, and
supportive communication with Spanish speaking parents?
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2.  How does participating in the SFL program strengthen teachers’ beliefs and attitudes toward their
ability to communicate with Spanish speaking parents?

3. From a teacher’s perspective, what type of partnerships form between teachers and students who
participate in the SFL program?

In the pilot work from 2018, six 6th-8th grade teachers from both urban-public and urban-charter schools in the
western United States selected two to six bilingual students from their classes to collaborate with them on the
translation challenges. Student selection was solely at the discretion of the teachers.

The program consisted of five online modules for teachers and an equal number of online videos for
students. These online materials guided both groups through five weekly meetings to create different
communication aids for a specific home communication task each week (greeting parents, writing a get-know-
you-letter, writing positive-template texts, scripting a short-positive phone call, and scripting a parent-teacher
conference). After reviewing their respective online materials, the students collaborated with teachers by
helping them select and translate a group of phrases that meet the requirements of the challenge each week.
During their weekly meetings, teachers and students talk through the question and the guiding question, and
then come up with several phrases that answer the question. The students translate these phrases as the teacher
writes them down and practices saying each one. The teacher takes a picture of each completed communication
aid. Figure 1 shows an example of one of the challenges.

[remplate texts:
What are five positive phrases you would like to text to parents?

Example “Text"
. scored 100% on his test.
. saco un cien en su examen.

You may wish to use this paper to draft the texts on this paper before transferring them to a
larger poster that can be hung up in your classroom.

» Some teachers have alsc decided to turn some of their templates inte cards with

compliments or a short message they can mail to parents asking them to call the front
office and set up a time to meet with them and a translator.

Figure 1. Example from template text challenge.

After completing all five of the challenges the teacher receives a micro-credential, a digital portfolio
certificate of completion that can be stored online, as a certificate of their completion. The schematics of the
program are displayed in Figure 2.
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|

Micro-credential "Beginnnig Spanish Home
Commuication"

Figure 2. Program workflow.

Before we began the intervention, we held a 45-minute semi-structured interview with all six teachers.
The purpose of this interview was to gather information about the teachers’ attitudes and perceptions toward
home communication and partnerships with students. During the second and third interviews, also semi-
structured 45-minute interviews, we gathered stories and anecdotes from teacher’s experiences using the
program materials, meeting with students, and using their communication aids to reach out to parents. These
interviews took place during week three of the intervention and within one week of the end of the training.
Figure 3 shows the timeline for each of the phrases of the intervention.

Interview 1- Week 0 Interview 2- Week 3 Interview 3- Week 6
Week 1 Week 1-5
Review Decide on a Select students Review Collaborate Submit
introduction [——| timeto meet |— who will | challenge/ |—| with students —| evidence of
training with students participate training on challenge. completion

— — =

Repeat for each
challenge for 5
weeks

l

Receive
Week 5 Micro-credential

Figure 3. Timeline of interviews and challenges.

We created narrative profiles of each of the teachers’ experience using the Seidman (2013) process.
This included creating a transcript of all of the teacher's relevant comments related to their experience, and then
eliminating experiences that seemed non-essential. This was repeated again to produce the final narratives. We
sought to uncover what elements of the program helped teachers reach out more, develop the capacities they
wanted to develop, and form partnerships with their students. Specifically, we looked closely at the way that the
teachers describe the development of the program. For example, we wanted to see how the teacher described
his/her communication with families in interviews one, two, and three to see if there is a narrative of growth to
be uncovered.
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We found that the program did not have a significant impact on teachers’ communication attempts
across all five teachers, but those teachers who reached out most, we encouraged by their growth. Additionally,
we found that teachers Spanish did not improve significantly, but their belief that these kinds of activities could
be very beneficial was a recurrent theme. Specifically, the teachers felt that they were able to focus on the kinds
of phrases that they needed to know, and learn them in a hands-on-environment. They were also encouraged by
the patience of the students as they coached them through pronunciation and spelling. Finally, we found that all
of the teachers reported that working with students strengthen their relationships with them by establishing
complementary roles, sharing cultural values, and sharing personal experiences.

Finally, we found that several teachers discussed changes that they were considering making to their
teaching practice based on the experiences in working with students. For example teachers talked about more
frequently providing places for students to act as teachers in the classroom, focusing on examples where the
teachers had made mistakes, modeling making mistakes in front of students, and exemplifying life-long learning
by try to develop new language skills.
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Abstract: This paper presents how a collaboration script informed by the Funnel Model was
appropriated by a class of students in a secondary science class lesson. Based on the script, a
class of 33 tenth grade students enacted four stages of a technology-supported collaborative
learning activity: individual construction, intra-group construction, inter-group rating, and
intra-group refining. Quantitative and qualitative analyses of students' behaviors and
perceptions were conducted to identify and explain how students appropriated the
collaboration script.

Introduction

Collaboration script is an important topic in the field of computer-supported collaborative learning (CSCL)
(Fischer, Kollar, Stegmann, & Wecker, 2013; Yun & Kim, 2015). While collaborative learning when aptly
designed and enacted has been shown to be helpful for students’ higher-order thinking (Lazarou, Sutherland, &
Erduran, 2016), students may not be substantively engaged in the process of sharing, communication or
negotiation. The embedded collaboration script can help to provide a structured collaborative learning scenario,
such as associating group learners with specific tasks, roles, and resources, or designing an interactive structure
for group learning (Tsovaltzi, Puhl, Judele, & Weinberger, 2014). Many researches focus on scripting individual
and collective regulatory processes (Borge, Ong, & Rosé, 2018; Wang, Kollar, & Stegmann, 2017), learners'
appropriation (perception, understanding and embodiment) of the script was also an important factor influencing
their collaboration learning (Tchounikine, 2016). In this context, we worked with a school teacher to implement
a collaborative learning lesson, and studied how each group appropriated the collaboration script.

We propose a script based on Funnel Model that is a pedagogical model guiding for collective
knowledge improvement (Chen, Wen, & Looi, 2012; Wen, Looi, & Chen, 2011). This model abstracts the
process of group interactions into three stages: “brainstorm”, “rise above”, and “advance.” We developed an
online system called AppleTree to tightly embody Funnel Model (Chen, Looi, Wen, & Xie, 2013) in the system
design. In this study, we focus on investigating: 1. Whether and how was the use of AppleTree system with the
collaboration script helpful for improving students’ conceptual knowledge learning? 2. How did the students
appropriate the collaboration script and what factors affected their appropriation of the script?

Research design

We employed design-based research to design and implement collaborative learning activities using AppleTree
for secondary grade ten class with 33 students in Singapore. These students studied physics phenomena over
three weeks (one lesson per week and each lesson was a cycle of the design-based research) using the
AppleTree system. All the 33 students were heterogeneously grouped by the teacher according to their previous
test scores on Science. There were nine groups of 3-4. The data analyzed in this paper were from lesson 3 on the
topic of electromagnetic induction phenomenon. In this lesson, students in each group first conducted their own
hands-on experiment to observe the induced current flowed in a solenoid over time when a magnet fell through
it. Each student in groups needed to sketch a current-time graph based on what she observed in the experiment.
To deepen the students’ understanding on electromagnetic induction phenomenon, the teacher provided students
opportunities to inquire and explain the phenomena that they observed on the AppleTree system. The purpose of
collaborative learning is to integrate the conceptual knowledge of group and class members to facilitate
complete and reasonable explanations. Below are the details of students’ activities.

Stage 1: Every student was asked to provide explanations to elaborate the current-time graph on their
group space in AppleTree system.

Stage 2: After each member of a group provided at least one explanation, they negotiated, challenged
and revised their explanations (Figure 1).

Stage 3: Students went to the workspace of other groups to review their group artefacts and provide
comments. Students were asked not only to rate others’ explanations, but also to provide comments for
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others to improve. In this lesson, the teacher asked group 2 to visit group 1; group 3 to visit group 2,
and so on.

Stage 4: All the students returned to their own group to further revise and refine their own group’s
artefact based on the feedbacks provided by others.

Figure 1. The interface of stage 2.

Coding scheme for analyzing students’ revision behavior

The first author analyzed all of students’ revisions several times and created open codes. Then, these open codes
were clustered as primary themes. Third, the obtained themes were validated again by checking the data against
the themes and were merged and modified. The final coding scheme is shown in Table 1.

Table 1: The coding scheme for students’ revision of explanations

Add (H) Modification Delete (-)
Post Link Content
e Explanation e Knowledge support e  Partial modification e Post
e Data e Emotional support e  Completely modification e  Link
e Reasoning e Knowledge against
e Irrelevant content e  Query

Coding scheme for analyzing students’ comments

The coding scheme adapted from Lu & Law (2012)’s studies was used to code students’ comments. Content
analysis was conducted to examine the categories of comments (e.g., identifying problems or providing
suggestions). The unit of content analysis in this study was a comment. The first and third authors independently
coded all the comments, with an inter-rater reliability of 0.736 (Cohen’s Kappa).

Pre-test and post-test design
Pretest and posttest used the same text paper, which contained 4 questions, one point for each question. The test
questions were closely related to the knowledge points in this lesson.

Data collection and analysis

The data collected in this study included 1) students’ pre-test and post-test scores on their scientific knowledge
of the concepts; 2) all group artifacts generated on AppleTree and; 3) students’ post-intervention interview data.
We echo with Tchounikine (2016) that learners would appropriate the script and its technology both as
individuals and as a group. “With respect to appropriation, we do not see individual and collective perspective
as incoherent.” (Tchounikine, 2016, p.366). Therefore, in this study, we investigated how students appropriated
a collaboration script as a group based on their learning process data. Meanwhile, we required individual
students to reflect on their experiences of collaborative learning based on two guiding questions in the post-
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intervention interview: 1. What did you do at each stage of collaborative learning activity? 2. What factors may
affect the revision of your explanations at each stage of collaborative learning activity?

Findings

The improvement of conceptual knowledge.

Descriptive statistics and the Wilcoxon signed Ranks test was used to detect differences between pretest and
posttest. The results showed that the students’ post-test score (M=3.70, SD=0.83, Z=-4.647, df=32, p<0.001)
was significantly higher than the pre-test score (M=2.58, SD=0.529, Z=-4.647, df=32, p<0.001).

The observable behaviors of the script appropriation

All the groups were engaged in the activity, but not all the groups followed all the stages. We calculated the
number of explanations posted by students as a group at stages 1, 2, and 4 respectively. All the groups, except
for group 2, revised their group artifacts and contributed new ideas after the intra-group discussion. Only group
7 and group 8 contributed new postings at stage 4. For those groups who did not generate new postings, they
revised their existing postings. Students revised group artefacts 56 times in stage 2 and 4 (see Figure 2).
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Figure 2. The number of changes in stage 2 and stage 4.

All the groups provided comments for others but the quality of comments was uneven. A total of 79 comments
were provided in stage 3, see Table 2. Students provided more comments related to “Identifying problems” and
“Positive”. Comments related to “Editing language” were rare, and negative comments did not appear.

Table 2: The number of comments (by type)

Categories Example Number

Identifying problems “Why does the direction change?” 31

Providing suggestions “Talk about different direction of currents.” 11
Cognitive Providing explanations “It becomes zero cos there is no more cutting of 2

magnetic field lines!”

Editing language “Wrong SIN spelling.” 1
Affective Neg.a.tive “You did not even do it!.” . 0

Positive “Very detailed explanation.”, “Good explanation.” 38

Note. 4 of 79 comments were double-coded as belonging to two categories.

The perception of the collaboration script

Students’ reflections on collaborative learning experiences in the post-interview were analyzed. In stage 1,
students independently expressed their ideas and input them into the AppleTree platform directly until the end
of this stage. Each group member gave only one or two explanations in this stage. In stage 2, students mainly
revised their own explanations. They only gave a suggestion for revision rather than revised the explanation
directly. In stage 3, students actively commented on other group’s explanation and brought good explanations
back to their own group. In stage 4, students carefully read the comments given by other group members. But,
some factors hindered students’ revision of their explanations, such as students’ understanding of the scientific
conceptual knowledge, and the limited time of this stage.
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Discussion and conclusion

This study elaborates how students appropriate the collaboration script based on the empirical data from
students’ behaviors and perception, as well as explores out the factors that may affect students' appropriation of
collaboration script. Firstly, the findings show that students' conceptual knowledge influences their appreciation
of collaboration script. As far as science is concerned, students need to judge the validity of explanations or
comments in the process of deleting, revising and integrating. If students cannot judge the validity of the
conceptual knowledge, they will find difficult to complete the task in stage 2 and 4. Secondly, time is an
important factor influencing students’ appropriation of collaboration script. As shown in the study, even if the
students had been well aware of the collaborative learning process, they did not have enough time to further
refine their explanations. Thirdly, students' appropriation of collaboration script may be influenced by other
factors such as culture. In the Asian culture, it is usually considered not polite to point out others’ mistakes
directly. It is observed that even if there was inconsistency among students’ explanations within the group,
students did not take the initiative to revise other group members’ explanations, but they would modify the
postings that originally posted by themselves if necessary. Nevertheless, this may be also because the students
were still in the early stage of collaboration, so they still lacked sufficient group-awareness. A future
longitudinal study will be conducted to further explore it. The current study provides insights on the factors that
need to be considered when designing and implementing collaboration script for school students.
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Abstract: As one of the identified key 21st century skills, collaborative problem solving (CPS)
attracted attention from both education research and the assessment industry. Studies and
assessments were developed to conceptualize and to measure CPS skills. Most studies
operationalized different dimensions of CPS skills as discrete measures even though they may
be interweaving in the construct. In this study we went beyond the separate measures on the
different dimensions and focused on the connections among these skills. Using log data of
20,947 events on actions and chats from 43 teams, we studied how different dimensions of CPS
skills were connected as reflected in problem solving. CPS skill networks were constructed to
capture the co-occurrence of the skills in turns during collaboration. The results showed that
teams with high and low performance had significantly different CPS network structures.

Background

Competencies such as collaborative problem solving (CPS) are considered increasingly important for career and
academic success in the 21% century. As individuals move through school and into the workforce, they will be
expected to work with others to make decisions, solve complex problems, and generate novel ideas, and many
times in contexts in which team members are not in the same physical location. The awareness of these changes
has motivated interest in education and assessment industries in developing and assessing skills such as CPS. A
number of recent efforts have been put forth that seek to conceptualize CPS and create assessments for CPS (e.g.,
Andrews et al., 2017; Hesse, F., Care, E., Buder, J., Sassenberg, K., & Griffin, 2015; Liu, von Davier, Hao,
Kyllonen, & Zapata-Rivera, 2015; OECD, 2013) However, most projects operationalize different dimensions of
CPS skills as discrete measures, and the connections among CPS skills are rarely considered.

Epistemic frame theory (Shaffer, 2004) suggests that communities can be characterized by not only the
possession of knowledge, skills, value and practices, but more importantly the associations among these different
elements and the configurations of them. For example, two communities with similar levels on their knowledge
and skills, may have very different perceptions of how different dimensions of knowledge and skills are related
to each other, and how these are related to values and practices. In the current study, we drew ideas from the
epistemic frame theory, and focused on understanding how CPS skills are connected to each other. We constructed
networks of CPS skills for individuals solving a simulation-based task collaboratively. The goal was to
characterize the CPS skill networks and to compare the structural features of the networks for teams with different
performance levels.

Method

Participants

Eight community college and university instructors and their corresponding engineering and electronics classes
participated in the study. A total of 129 students were randomly assembled into groups of three for each class (43
teams). Of those who reported their gender (2% were unreported), 81% were males and 17% were females. Of
those who reported their race (2% were unreported), 51% were White, 7% were Black or African American, 6%
were Asian, 2% were American Indian or Alaska Native, 10% reported being more than one race, and 2% reported
Other. For ethnicity, 22% of the sample who chose to provide demographic information reported being Hispanic.
The ages of participants ranged from 16 to 60 with an average age of 24.

Task

Students were asked to complete a simulation-based task on electronics concepts called the Three-Resistor
Activity (see Figure 1). Each student in a team of three worked on a separate computer that ran a simulation of a
portion of an electronic circuit composed of three resistors connected to form a series circuit. Each of the three
resistors was controlled by a different teammate. Each team member had the goal of reaching a specified goal
voltage across their resistor. However, since each resistor was connected in series, any changes that one teammate
made on their resistor value to obtain their own goal voltage would affect the current through the circuit and
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therefore the voltage drop across each teammates’ resistor. Therefore, students needed to communicate via a chat
box and coordinate their actions to reach the goal voltages across each resistor in the series. The task included
four levels of increasing difficulty. In higher levels of the task, students were additionally asked to work together
to determine the unknown resistance and voltage of an external, fourth resistor in the series that none of the
teammates could control. As students worked together to solve the problems, all of their relevant actions and
discourse (e.g., measurements, resistor changes, calculations, answer submissions, text chats) were logged to a
database and used for our subsequent analyses.

Circuit 1 (User: Lion, Group: Animals)
@ o -

| We gt I view Al Grouis |

Circuit 1 Circuit2  Circuit 3
R1 R2 | R3

Figure 1. Screenshot of Three-Resistor Activity.

CPS ontology

A CPS ontology was developed to conceptualize the CPS construct. Ontologies are similar to concept maps and
provide a theory-driven representation of targeted skills and their relationships and link them to observable
behaviors in a task that would provide evidence of the skills. The CPS ontology includes nine high-level CPS
skills. Four skills correspond to the social dimension of CPS (i.e., maintaining communication, sharing
information, establishing shared understanding, negotiating) and five skills correspond to the cognitive dimension
of CPS (i.e., exploring and understanding, representing and formulating, planning, executing, monitoring).
Maintaining communication includes content irrelevant social communication whereas sharing information refers
to content relevant information shared in the service of solving the problem. Establishing shared understanding
corresponds to communication used to learn the perspective of others and ensure that what has been said was
understood. Negotiating refers to communication used to identify conflicts in ideas among teammates and resolve
conflicts that may exist. In the cognitive dimension, exploring and understanding corresponds to actions taken to
explore the task environment and build a mental representation for components of the problem. Representing and
formulating refers to communication used to represent the problem and formulate hypotheses. Planning includes
communication around developing a strategy for solving the problem. Executing includes actions taken to carry
out a plan and communication used to carry out a plan. Monitoring corresponds to actions and communication
used to monitor progress toward a goal and monitor the organization of the team. For more in depth discussion of
the CPS ontology, see Andrews-Todd and Forsyth (in press).

Qualitative coding

Two raters coded the content of students’ discourse and their actions for nine CPS skills outlined in the CPS
ontology. Executing and monitoring were shown in both actions and chats and were thus split into two separate
action and chat skills. This created 11 total skills for the qualitative coding (i.e., maintaining communication
(SMC), sharing information (SSI), establishing shared understanding (SPT), negotiating (SN), exploring and
understanding (CEU), representing and formulating (CRF), planning (CP), executing actions (CE), executing
chats (CEC), monitoring actions (CM), and monitoring chats (CMC)). Raters coded the log data at the level of
each log file event, with each event receiving only one code. Inter-rater reliability between two raters was
calculated on a sample of 20 percent of the data that was double coded and was found to be high (Kappa = .84).
There were a total of 20,947 log file events, which were coded for the presence of one of the 11 CPS skills.

Analyses

To explore connections among the CPS skills, we built co-occurrence networks of the CPS skills. We defined
each turn for an individual as a series uninterrupted chats or actions, and considered the co-occurrence of the CPS
skills in each turn. For each team, we scanned the records containing events from all team members, and built the
aggregated CPS skill network for the team. In these networks, the nodes represent CPS skills, the links represent
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the co-occurrence of the CPS skills in the turns, and link weights represent the frequencies of the co-occurrence.
To characterize the constructed CPS skill networks, we used six well-adopted network measures (Newman, 2003;
Wasserman & Faust, 1994). Density captures the number of existing links divided by the number of possible links.
Weighted density is the sum of link weights divided by the number of possible links. Centralization (Freeman,
1979) captures the extent to which the number of links connected to nodes vary across all nodes in the network.
Further, Maximum Component Size is the size of the biggest connected component in the network. Connectedness
is the number of dyads (a set of two nodes) with existing direct connections or indirect connections through other
nodes divided by the total number of dyads. Lastly, Maximum Degree is calculated as the maximum number of
links connected to a single node.

For each team, we calculated the above measures to characterize the CPS skill networks. To compare the
network measures of teams with different performance levels, we considered two measures of team performance.
In the Three-Resistor Activity, each team had the opportunity to complete up to four levels. We used the number
of successfully completed levels and the number of levels attempted as two separated measures of team
performance. For further analysis, we dichotomized the two performance measures using the medians as the cut
point to yield low and high performing subgroups. Multiple independent sample t-tests with Bonferroni correction
were conducted on the network measures for subgroup comparisons.

Results

All 43 teams attempted to solve at least one level, but were not all successful. Among all teams, 20 attempted all
four levels, seven attempted three levels, eight attempted two levels, and eight attempted just one level. Nine
teams successfully completed all four levels, 12 completed three levels, five completed two levels, eight
completed one level, and nine did not complete any levels successfully. For the dichotomization, we used the
medians of 2 and 3 for the number of successful levels and the number of levels attempted, respectively. Teams
with values higher than the medians were coded as high (H), and teams with values lower or equal to the medians
as were coded as low (L). Examples of CPS skill networks from two teams with high and low performance are
shown in Figure 2. For each network, the size of the nodes indicates the frequencies of the CPS skills presented
in the team’s chats and actions, and the thickness of the links indicates the frequencies of the co-occurrence of the
CPS skills in turns. Visually, the high performing team network in Figure 2 (a) has not only bigger nodes but also
more and thicker links than the low performing team network in Figure 2 (b).

SPT M TSN

& @ @ . SPT

o o o
CMC cMC SMC

(a) Attempted 4 levels, solved 3 (b) Attempted 1 level, solved 0
Figure 2. Example networks from a high performing team and a low performing team.

Using number of levels successfully completed, high performing teams (M = 854.43, SD = 328.56, N =
21) demonstrated higher frequencies of CPS skills than low performing teams (M = 369.45, SD = 198.47, N =
22),4(33) = 5.83, p <.001. When measured by the number of levels attempted, CPS skills frequencies of the high
performing teams (M = 8§24.95, SD = 322.66, N = 20) were also significantly higher than low performing teams
(M =416.17, SD = 281.85, N = 23), 1(38) = 4.39, p < .001. However, higher frequencies of CPS skills did not
necessarily indicate more links in the network. In fact, the correlation between CPS skill frequencies and network
density was 0.57. We next compared the CPS skill network statistics for the high and low performing teams using
independent sample t-tests (adjusted a=.05/6=.0083), and the results are summarized in Table 2. When using
number of levels successfully completed, we found that high and low performing teams differed in most network
measures except centralization. The differences in Density, Weighted Density, Maximum Component Size,
Connectedness and Maximum Degree all showed that the CPS skill networks for the high performing teams were
better connected and had more coverage than the low performing teams. The lack of significant results for
centralization indicates that both high and low performing teams did not show preferences towards connecting
certain CPS skills with others. Instead, the connections among the CPS skills were evenly distributed with no CPS
skills more central than others. When using number of levels attempted, only weighted density was significantly
different for high and low performing teams.
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Table 2: Comparisons of teams with H/L performance

By Number of Successful Levels By Number of Levels Attempted
MH ML MH ML
@=21) | (0=22) Hest (n=20) | (n=23) et
Density 0.45 030 | ¢=3.62,df=41,p=.0008 | 0.43 032 | t=2.62,df=41,p=.012
Weighted

Density 1.64 | 079 |t=4.59,df=38,p<.0001 | 158 | 0.87 |1=3.57,df=41,p=.0009

Centralization 0.43 0.43 | t=-0.05,df=40,p =958 0.44 042 | t=0.61,df=41,p=.547

Maximum _ - _ - = =
Component Size 10.10 877 | t=2.95,df=39,p=.005 10.00 891 | t=2.37,df=40,p=.023
Connectedness | 0.85 0.65 | t=3.18,df=41,p=.003 0.83 0.67 | t=249,df=41,p=.017
Maximum _ - _ = = =
Degree 7.95 6.50 | t=2.79,df=41,p=.008 7.90 6.61 |t=2.44,df=41,p=.019

Discussion and future directions

In this study, we constructed CPS skill networks from log data on team actions and chats during collaborative
problem solving. The results showed that high and low performing teams significantly differed not only on the
frequencies of the CPS skills displayed, but also on how the skills were connected with each other. This study
makes contributions to the measurement of CPS skills by demonstrating a new way of assessing and understanding
CPS skills: through the exploration of connections among CPS skills. For future directions, different approaches
to constructing the CPS skill networks will be explored. This study used the co-occurrence of skills in the same
turn, and focused on the connections of skills represented in the chat and actions of individual team members.
Alternatively, the moving window approach (Siebert-Evenstone et al., 2017) captures the evidence of the
connections displayed during the interactions among team members. We intend to identify the connections using
this alternative approach and explore the similarities and differences of the resulting networks.
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Abstract: We implemented an innovative online mathematics professional learning model
designed to create high-impact growth opportunities for teachers in rural school districts. As a
part of this model, classroom teachers were partnered with coaches with whom they worked
on content-focused coaching cycles. Within a coaching cycle, teachers and coaches met to
plan a mathematics lesson, the teacher video recorded the lesson, the coach and teacher both
annotated the lesson video, and finally the two met to debrief the lesson verbally. We report
on the process of video annotations. Data analysis focused on identifying the type of response
within an annotation as well as the extent to which the teacher or coach noticed students’
mathematical thinking. We contend that the annotation process afforded opportunities for
direct suggestions to teachers that may not have otherwise occurred. Findings indicate
annotations were predominantly focused on mathematics content goals and classroom
discourse practices.

Conceptual background, context, and significance

Teachers in rural areas face constraints in terms of accessing the expertise and resources required for high-
quality professional learning experiences, often because of lack of proximity to such resources as institutions of
higher education and critical masses of teachers required to collectively reflect on problems of practice (Howley
& Howley, 2005). Rural contexts are thus ideal sites for online professional development, which can be offered
at a distance and can engage geographically dispersed participants in collaborative learning experiences (Francis
& Jacobsen, 2013). The innovative online professional learning experiences in our project focus on the
development of teacher capacity to enact ambitious, responsive instruction espoused in recent US educational
policy documents (CCSSI, 2010). Recognizing the critical need to prepare all teachers to implement rigorous
instruction, especially teachers who are not geographically proximate to face-to-face trainings or coaching
resources, we engaged participants in online courses, online demonstration lessons, and online video coaching
over the last two years. In the process, we created experiences that match, if not exceed, what is possible in face-
to-face settings. The project is based in two geographically diverse locations in the US to explore the scalability
of the model to other under-resourced contexts.

In this paper, we focus on online coaching, particularly the use of video annotations to stimulate the
coaching interactions. The use of coaching to foster teacher learning and improve student achievement has
become an increasingly popular strategy for schools, districts, and states in the US (Heinke, 2013). Prior studies
have shown that coaching can improve both teaching and student learning (Sailors & Price, 2015; Kraft, Blazar,
& Hogan, 2018). However, coaching activities vary widely, impacting the effectiveness of coaching and posing
problems for researchers and professional developers alike (Gibbons & Cobb, 2016). Content-focused coaching
is a specific model for guiding coaching activities that aims to support teacher learning by focusing on the
mathematical goals of the lesson, and how students might engage with those goals (West & Staub, 2003). In
content-focused coaching, the coach accepts equal accountability for generating effective student learning (West
& Staub, 2003).

To facilitate online content-focused coaching, we used video conferencing software (Zoom), and video
capturing/annotating software (Swivl). The online video coaching was purposely designed with features
analogous to West and Staub’s (2003) face-to-face content-focused coaching cycle. First, the teacher and coach
met via Zoom to plan the lesson; second, the teacher video recorded the lesson implementation using Swivl;
third, the teacher and coach separately viewed and annotated the video of the enacted lesson; and finally, the
coach and teacher met via Zoom to reflect on the lesson, using the annotations to anchor their discussion. The
purpose of this study was to better understand the content of the annotations and the interactions of the coach
and teacher in the online space. Specifically, we were interested in understanding the discursive moves and
content of the annotations from both the coach and teacher. We posed the following research questions:

1. What was the focus of the annotations (e.g., non-mathematical aspects of classroom practice, teacher
discourse moves, student strategies, mathematical goals of the lesson)?
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2. What were the discursive moves coaches and teachers used when annotating video of a mathematics
lesson?

Method

Using a cohort model, we engaged 16 teachers in an intensive two-year professional development model
focused on supporting teachers to engage in ambitious, responsive instruction. The teachers taught in grades five
through eight (ten to 14 years-old), specifically in mathematics, and worked in rural locations that made it
difficult to engage in face-to-face coaching.

Data collection

The unit of analysis was coach-teacher pairs, with each coach-teacher pair completing two or three coaching
cycles annually. For the purposes of this paper, we focus specifically on data from the annotations the coach and
teacher produced as they initially reviewed the lesson video and made comments. To make the annotations in
Swivl, the coach and teacher each viewed the lesson video in the Swivl software platform. They then stopped
the video at moments they saw as relevant to the coaching cycle, which were automatically time-stamped by the
software. The coach or teacher would then annotate the moments with their thoughts and reflections. They were
given the following prompt:

Add your comments, questions, and thoughts to the video segment in Swivl at any points in
the video that might be interesting to discuss further. For example, were there any moments
that surprised you? (i.e., misconceptions that emerged, strategies that you did no