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Abstract Computer-supported collaborative learning environments provide opportunities for
students to collaborate in inquiry-based practices to solve authentic problems, using techno-
logical tools as a resource. However, we have limited understanding of the quality of
engagement fostered in these contexts, in part due to the narrowness of engagement measures.
To help judge the quality of engagement, we extend existing engagement frameworks, which
have studied this construct as a stable and decontextualized individual difference. We concep-
tualize engagement as multi-faceted (including behavioral, social, cognitive and conceptual-to-
consequential forms), dynamic, contextualized and collective. Using our newly developed
observational measure, we examine the variation of engagement quality for ten groups.
Subsequently, we differentiate low and high quality collaborative engagement through a close
qualitative analysis of two groups. Here, we explore the interrelationships among engagement
facets and how these relations unfolded over the course of group activity during a lesson. Our
results suggest that the quality of behavioral and social engagement differentiated groups
demonstrating low quality engagement, but cognitive and conceptual-to-consequential forms
are required for explaining high quality engagement. Examination of interrelations indicate
that behavioral and social engagement fostered high quality cognitive engagement, which then
facilitated consequential engagement. Here, engagement is evidenced as highly interrelated
and mutually influencing interactions among all four engagement facets. These findings
indicate the benefits of studying engagement as a multi-faceted phenomenon and extending
existing conceptions to include consequential engagement, with implications for designing
technologies that scaffold high quality cognitive and conceptual-to-consequential engagement
in a computer-supported collaborative learning environment.
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Previous research on Computer-Supported Collaborative Learning (CSCL) in inquiry envi-
ronments suggests that there is potential to foster deep-level engagement (Blumenfeld et al.
1991; Hakkarainen and Sintonen 2002; Jérveld and Salovaara 2004; Renninger and Shumar
2002, 2004; Veermans and Jérveld 2004). The interactive features of technologies, such as
simulations and modeling tools, afford opportunities for learners to deeply engage with key
content ideas and scientific practices (Arvaja et al. 2007; Harasim 1993; Krejins et al. 2002;
Stahl et al. 2006; Suthers 2006). However, there is limited empirical research addressing this
issue (Jarveld and Hadwin 2013). In CSCL settings, the extent to which collaboration is
productive in ways that lead to conceptual understanding depends on high quality engagement
in shared activity.

Collaboration and technology tools are not a panacea that ensures deep-level engage-
ment. Group work raises challenges for maintaining engagement, including off-task
conversation, exclusive focus on directions or procedures, and difficulty coordinating
multiple perspectives (Barron 2003; Jarveld and Hadwin 2013; Roschelle and Teasley
1995). Technology tools raise their own set of challenges, including initial time invested in
gaining familiarity in how to use the tools, as well as students’ superficial exploration of
software features particularly when tools are not designed for novice learners (Quintana
et al. 2004; Soloway et al. 1992). Ultimately, we do not have a good understanding about
the quality and contextualized nature of group engagement within CSCL environments
(Dillenbourg et al. 2009).

Extant research and operationalization limit our understanding of deep-level engagement in
CSCL contexts. Existing studies have operationalized engagement as a single facet, yielding a
narrow view of engagement and the interaction among these facets (i.e., behavioral, emotional,
cognitive) (Fredricks et al. 2004; Ryu and Lombardi 2015). A multi-faceted take on engage-
ment enriches our understanding of students’ classroom experiences. A second issue is that
engagement has typically been evaluated at a single time point, with limited information
provided about its evolving nature during task activity and over time. In addition, survey and
observational measures of engagement evaluate individual learners, rather than shared engage-
ment (Fredricks et al. 2004). Given the primacy of shared activity while collaborating and in
the social construction of meaning (e.g., Roschelle and Teasley 1995; Suthers 2000), it is
essential to advance these views to account for collective engagement. Finally, engagement has
primarily been operationalized as general in regards to the task and classroom context,
providing a decontextualized understanding of engagement. However, situational perspectives
view engagement as negotiated within particular activity systems, comprised of the instruc-
tional opportunities that afford and constrain engagement in light of particular curriculum
materials, pedagogical practices, and tasks (Greeno 2006). There have been some initial
attempts at situating engagement in science disciplinary activity in whole class and small
group contexts (Engle and Conant 2002; Gresalfi et al. 2009; Herrenkohl and Guerra 1998).
This prior research has relied on discourse analyses to advance theoretical conceptualizations
of these constructs. We are aligned with this perspective in articulating the need to
operationalize engagement to account for context. Our research situates engagement within
the collaborative group and disciplinary context, while extending the field empirically through
the development of an observational protocol.
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For the current research, we developed an observational measure to investigate how
collaborative groups engage within a technology-mediated inquiry environment. We extend
existing engagement frameworks to conceptualize and operationalize engagement as multi-
faceted, dynamic, shared, and responsive to context. Drawing on this measure of collaborative
engagement, we examine the range and variation of engagement quality across 10 groups, and
then select two representative groups exhibiting high versus low engagement to closely
explore engagement quality, the fluctuation in engagement quality during the lesson, and the
subsequent interrelationships among the multiple facets of engagement, within a CSCL
context.

This research is conducted in the context of middle school students learning about
ecosystems (Eberbach et al. 2012; Jordan et al. 2013, 2014). This research is particularly
timely as systems are key crosscutting concepts in current science standards (NGSS 2013), but
remain challenging for learners because of the dynamic multi-level nature of systems (Hmelo-
Silver and Azevedo 2006; Hmelo-Silver et al. 2007). One way to support learning about
systems is to provide technology that allows learners to engage with systems phenomena—in
this case, the Systems and Cycles curriculum includes simulations that make phenomena
visible and a modeling tool that provides an opportunity for groups to discuss, integrate, and
represent their understanding of ecosystems. These tools themselves may also pose additional
challenges (Blumenfeld et al. 2006; Quintana et al. 2004; Soloway et al. 1992). Our interest
then in deep-level engagement is oriented to the groups using ideas about ecosystems to solve
an environmental problem. Building from Gresalfi’s notion of consequential engagement
(Gresalfi et al. 2009), we use conceptual-to-consequential engagement to reflect how groups
engage with ideas such that their application has consequences for solving a contextualized
problem in a CSCL environment.

Engagement in CSCL environments

Consistent with CSCL theories, we consider engagement as a group process that is inextricable
from its sociocultural context (Stahl 2013). This study conceptualizes collaborative group
engagement as integrating behavioral, social, cognitive, and conceptual-to-consequential en-
gagement. Engagement is central to understanding how to foster conceptual understanding
because engagement mediates the relationship between motivation and learning (Blumenfeld
et al. 2006). We view engagement as co-occurring with knowledge co-construction involved in
sense making, with both being dynamically interrelated (Engle and Conant 2002). Through
on-task persistence and effort investment (behavioral engagement), cohesive group exchanges
(social engagement), joint regulation of deep-level strategy use and developing understanding
(cognitive engagement), and application of disciplinary, conceptual and technological tools in
solving authentic problems (conceptual-to-consequential engagement), engagement recursive-
ly influences the sustained co-construction of meaning.

Our guiding theoretical framework is consistent with Fredricks et al. (2004) in three
primary ways. First, we consider engagement to be a multi-faceted construct that unites
varying forms of engagement in meaningful ways as a “meta-construct” (Fredricks et al.
2004, p. 60). Throughout the manuscript we use the terms facet, dimension and form
interchangeably. Bringing together behavioral, social, cognitive and conceptual-to-
consequential is more consistent with learner’s experiences, given that individuals or the
collective do not experience individual facets as isolated processes. Further, taking a multi-
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faceted view allows for a consideration of how these factors are mutually constituted, with the
enacted quality of each having potential to influence the group’s enactment of remaining
facets. Second, we assume that there are qualitative differences in the degree of engagement
for each component. For example, cognitive engagement can range in quality from monitoring
the shared task more superficially, while also encompassing monitoring for shared conceptual
understanding. Finally, engagement is responsive to context, with the specific context
encompassing the CSCL environment, acknowledging that this immediate learning context
is necessarily nested within a larger classroom, instructional, and curricular context.

Drawing from this engagement framework has clear benefits; however engagement has
primarily been used to investigate individual learners. Accordingly, we need to build from this
conceptualization to account for the group as the unit of analysis. A consideration of collective
engagement necessitates an examination of social interactions among students and the shared
nature of their engagement. In addition, engagement has been measured as individual dimen-
sions and at single time points, with limited information provided about the fluctuation in
engagement or the interrelation among engagement facets (also see Ryu and Lombardi 2015).
Moreover, CSCL environments have features that are likely to facilitate and/or inhibit engage-
ment quality, such as use of technological tools that provide real-time feedback and opportu-
nities to unpack scientific mechanisms, alongside the challenges of superficial self-regulated
learning and strategy use (Blumenfeld et al. 2006), requiring a more contextualized accounting
of engagement. In what follows, we define each dimension of engagement, and review
research related to engagement in collaborative groups and/or conducted within CSCL
environments.

Behavioral engagement Behavioral engagement involves sustained on-task behavior during
academic activity, including indicators such as persistence, effort, and contributing to the task
(Fredricks et al. 2004). Previous measures have considered whether learners are on-task,
attentive, and persistent (Lee and Anderson 1993; Lee and Brophy 1996). Within collaborative
groups, behavioral engagement reflects a majority of members attempting to contribute to joint
task work, with only intermittent disengagement by a few students. Individual learners who
withdraw their participation from group discussion can undermine learning, due to lost
opportunities for collaboration or by provoking whole group disengagement (Van den
Bossche et al. 2006). Consistent with this definition, studies of student engagement within
CSCL have primarily employed measures consistent with this engagement facet, measuring
students’ participation given number of contributions (Lipponen et al. 2003), length of posts in
online environments (Guzdial and Turns 2000), or whether contributions are more social (i.e.,
off-task) rather than around content ideas (Stahl 2000). We conceptualize on-task participation
as necessary, but not sufficient, for high quality collaborative engagement. That is, students
may attend to the task, without being cognitively or consequentially engaged (Blumenfeld and
Meece 1988; Engle and Conant 2002; Lee and Brophy 1996).

Social engagement Our inclusion of social engagement extends beyond the behavioral,
emotional, and cognitive engagement distinctions made by Fredricks and her colleagues
(Fredricks et al. 2004) to account for social interactions within small groups. Drawing from
Linnenbrink-Garcia et al. (2011), we define social engagement as referring to quality of group
socio-emotional interaction.' Quality social engagement involves respectful and responsive
interactions among members of the group. Social engagement also reflects group cohesion, or
evidence that the task is conceptualized as a team effort, rather than an as an individual activity.
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Finally, quality social interactions reflect equitable participation in which all teammates
contributions are taken up (Barron 2003; Rogat and Adams-Wiggins 2015). Taken together,
high quality social engagement enables groups to focus on jointly coordinating around a group
product (i.e., cognitive engagement), rather than reacting to put-downs, or ignored or excluded
contributions by central group members (Rogat and Linnenbrink-Garcia 2011; Rogat and
Adams-Wiggins 2014). We use the terms socio-emotional interactions and social interactions,
alongside social engagement throughout the current manuscript.

The inclusion of social engagement builds from the rich history of collaborative
learning and CSCL research to account for group dynamics, as well as the richness that
stems from cohesive and respectful interactions that facilitate shared sense making (Van
den Bossche et al. 2006). This research highlights that groups often face difficulty finding
common ground and may lack shared understanding (Dillenbourg et al. 2009). Negative
social interactions can come to predominate group activity, and compete for limited
attentional resources (Barron 2003). In worst cases, low quality social interactions can
devolve into battles related to status differences and can promote inequity (Salomon and
Globerson 1989). In contrast, research on learning in collaborative groups indicates that
respectful, responsive, and cohesive interactions elevate the quality of joint task work
(Engle and Conant 2002; Webb et al. 2006). Further, positive social interactions can
facilitate higher quality cognitive engagement by helping ensure that feedback from
monitoring was communicated well, supported joint and inclusive planning (Rogat and
Linnenbrink-Garcia 2011). These interactions can also support behavioral engagement by
helping to re-involve group members.

Cognitive engagement Fredricks and her colleagues (2004) indicate that there are two
primary conceptualizations of cognitive engagement, both in terms of investment in schooling
(e.g., Connell and Wellborn 1990) as well as being a strategic and self-regulated learner (e.g.,
Pintrich and De Groot 1990). There is some degree of overlap between cognitive engagement
and a conceptualization of psychological investment and motivation constructs. In addition,
conceptualizations of self-regulated learning integrate motivational beliefs and learner’s inten-
tionality in what constitutes high quality self-regulated learning (Pintrich 2000; Zimmerman
2000). Thus, we draw on the literature of self-regulated learning and learning strategy use as
represented in the latter definition (Fredricks et al. 2004). Here, cognitive engagement reflects
student involvement in planning, monitoring, and evaluation when accomplishing tasks
(Pintrich and De Groot 1990; Zimmerman 1990). When students engage in planning, they
intentionally set task-specific goals for how to go about solving the task and for their learning.
They monitor developing understanding of content and skills integral for successful learning in
activity, and adapt their use of particular learning strategies in response to that feedback. In
addition, students can monitor their execution of the plan, and progress toward task require-
ments and set goals. Finally, effective self-regulators evaluate and reflect back on their content
understanding and task performance following task completion.

We elaborate on this definition of cognitive engagement in two primary ways. First, we
contextualize students’ regulation of cognition and tasks in joint collaborative group activity.
This extension draws from recent research on the processes groups use to regulate their shared
activity and reflects our focus here on collective group engagement (Volet et al. 2009). Integral
to the consideration of cognitive engagement is the notion of regulation as socially shared.
Socially shared regulation refers to multiple group members regulating and coordinating their
joint activity (Vauras et al. 2003). Rogat and Linnenbrink-Garcia (2011) used the cognitive
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sub-processes from a self-regulated learning perspective to understand and elaborate the
quality variation of collaborative groups engaging in shared planning and monitoring.

Second, we ground conceptualizations of quality differences in regulatory strategies within
a technology-mediated context. Limited research has investigated how groups effectively
regulate within CSCL environments (Jarveld and Hadwin 2013). We know that computer-
supported learning can support and enhance students’ use of regulatory processes (Azevedo
2005). Socially shared regulation research has demonstrated the presence of frequent and at
times extended use of regulatory processes within synchronous and asynchronous CSCL
environments (liskala et al. 2011; Lee et al. 2015). Here, cognitive engagement with techno-
logical tools can be characterized by groups’ thoughtful and deliberate uptake of the
affordances offered by the learning environment (e.g., predictions and goals for running
simulations; model revision). However, groups exhibiting moderate to low quality cognitive
engagement during planning or monitoring may demonstrate a focus on superficial features,
such as brief planning discussions or a focus on color or neatness, with implications for
challenges reaching consequential engagement via the technology tools.

Conceptual-to-consequential engagement Our introduction of conceptual-to-consequential
(CC) engagement provides an important extension to the forms synthesized in Fredricks et al.
review (2004). CC engagement refers to making progress in solving meaningful problems
through the use of domain-specific content and disciplinary practices as conceptual tools
(Gresalfi and Barab 2010; Gresalfi et al. 2009). It involves making progress in critically
considering the utility and impact of disciplinary content, strategies, or tools relevant to a larger
task context (e.g., driving question, problem or project). Consequential engagement also
specifies an active and agentic role for learners to justify identified solutions, particularly after
having weighed and critiqued alternative solutions to the problem. In this way, consequential
engagement builds from the connections and synthesis, as well as regulation, from cognitive
engagement, toward a reflection of connecting to something larger.

Extant research has suggested that students’ connections between conceptual ideas and
a broader context can be lower quality, shown by simple knowledge telling with limited
connections (Scardamalia and Bereiter 1996; Chernobilsky et al. 2004), to moderate
quality showcasing connections among content ideas (conceptual engagement or sense
making), to higher quality linkages among content ideas with prior knowledge, everyday
experiences, and/or the context of the larger problem (i.e., consequential engagement).
Thus, we extend this construct by including conceptual engagement as part of a continuum
that should culminate in consequential engagement. This inclusion works to better capture
the quality range in which groups work with content ideas and disciplinary practices when
problem solving.

Gresalfi and colleagues (2009) have argued that it is important to promote consequential
engagement along with the practices of encouraging procedural and conceptual engagement.
They stress the relevance of consequential engagement as it sets the stage for designing CSCL
contexts, such as multi-user virtual environments and other computer-supported inquiry
contexts. They note that contexts and practices that “emphasize making connections can only
lead to robust learning when they are supported by tasks that create opportunities for students
to grapple with the meaning and utility of content” (Gresalfi and Barab 2010, p. 301). Their
research has primarily focused on providing rich examples to assist in conceptualizing the
construct; additional research is needed to examine the extent and range with which groups
engage consequentially. Specifically they focus on how consequential engagement addresses
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the ways that students can realize the opportunities provided by technological tool and
associated classroom practices (Gresalfi and Barab 2010). We anticipate that high quality
CC engagement with technological tools around domain content and scientific practices may
promote the development of conceptual understanding in CSCL contexts.

Current study

This paper examines a multi-faceted, dynamic, shared, and contextualized conceptualization of
engagement within a CSCL environment using our newly developed observation protocol.
Toward this end, we initially explored quality variation in ten collaborative groups’ behavioral,
social, cognitive and conceptual-to-consequential engagement using quality ratings. This was
followed by coupling in-depth qualitative analysis and contrasting cases of two groups
characterized by high or low quality engagement relative to the sample with the intent of
describing engagement quality, the fluctuation in engagement quality during the lesson, and
the interrelationships among engagement facets. In developing these cases, we prepared
narratives that thickly described each engagement dimension in 5-minute intervals and visual
representations of each group’s engagement ratings across a lesson. We also examined each
group’s final explanatory model that was the subject of the observed lesson. A final analytic
focused on case group comparison.

This research extends prior CSCL research that has examined student participation and
group dynamics (i.e., behavioral and social engagement), with limited examination of higher
quality forms of engagement (i.e., cognitive and conceptual-to-consequential engagement).
Further, this research situates the study of engagement within a collaborative group and science
disciplinary context by characterizing the quality of learning and regulatory strategies
employed as a collective, and their application toward solving the larger unit problem using
explanatory models within a technology-mediated learning environment. Finally, by drawing
on this multi-faceted and evolving conceptualization, we are able to examine the interdepen-
dence among these dimensions over the course of the lesson to provide a fuller characterization
of group engagement in face-to-CSCL. Our methodology combines the use of ratings
operationalizing engagement as multi-faceted and collective, with qualitative analyses that
aimed to examine the mutual relations among these facets over the course of activity.

* Research Question: How does a multifaceted, shared, dynamic and situated conceptuali-
zation of engagement serve as an observational tool for studying CSCL?

Method
Instructional context

Students participated as part of a technology-intensive curriculum designed to support 7th-
graders’ learning about aquatic ecosystems (Hmelo-Silver et al. 2011). The curriculum was 6
to 7 weeks, spread over the academic year. The curriculum was divided into three units
focusing on aquariums, ponds, and marine ecology. Each unit had a driving question in the
form of a problem (Blumenfeld et al. 2006; Hmelo-Silver 2004). For this study we focused on
the pond unit, with the driving question on investigating causes for fish death in a local pond.
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Students collaborated in small groups to investigate possible causes of fish death and to
develop an explanation that accounted for the evidence provided via the technological
resources. Classroom instruction was a mix of whole class and small group activities organized
around components-mechanisms-phenomena (CMP). CMP is a conceptual representation
adapted from Structure-Behavior-Function theory (Vattam et al. 2011; Hmelo-Silver et al.
2007; see also Quellmalz et al. 2009). In brief, phenomena are the problems or patterns to be
explained (here, the sudden fish death in the pond). Components are the individual entities in
the system (e.g., fish), and mechanisms are characterized as causal explanations of how
phenomena occur or how significant processes work (e.g., cellular respiration). The curriculum
materials and technologies were designed to help students use CMP as a tool for systems
thinking. For example, in the curriculum unit used here, the phenomena to be explained was
the driving question. To explain this, the students investigated the mechanism of eutrophica-
tion in which fertilizer washed into the pond, caused an algae bloom, which depleted the
dissolved oxygen and killed the fish. Fertilizer, algae, and fish are examples of components.

Technologies

Simulations, modeling tools and hypermedia were an integral part of the curriculum that
promoted the usage of CMP as a conceptual tool to make sense of problems in the
aquatic ecosystem. In particular, simulations provided opportunities for students to
interact with mechanism and phenomena. Hypermedia provided background knowledge
that was organized around functions and mechanisms in aquatic ecosystems (see
Eberbach et al. 2012 for additional information on the simulations and hypermedia).
Modeling tools provided occasions for students to integrate their CMP understanding by
connecting across different system levels. Simulations and modeling tools have features
that can facilitate the deeper engagement demonstrated by collective cognitive and
conceptual-to-consequential engagement. In particular, simulations encouraged cognitive
engagement in terms of planning and monitoring, as groups engaged in generating and
testing their conjectures through several phases of running simulations related to the
aquatic ecosystem. In addition, the simulation was intended to support groups’ explora-
tion of the potential causes of fish death, affording conceptual connections to the unit’s
driving question, facilitating CC engagement. The development of explanatory models
through the EMT software promoted CC engagement, as it necessitated collaborative
groups’ individual content connections, as well as the creation of a broader and elabo-
rated explanation across the concept map in solving the critical problem of the cause of
fish death. The planning of particular connections was not clearly a scaffold as part of
the EMT software. Further, while both the simulations and the EMT software were
similarly structured to support CC engagement, the conceptual-to-consequential connec-
tions during modeling with EMT required deeper-level connections than within the
simulations to count as high quality.

Participants
Ten videotaped collaborative groups are the focus of this research. These groups were
comprised of 36 students from the larger sample (N=109). Students were grouped heteroge-

neously to represent mixed gender and ability. Each group consisted of three to four students.
The two teachers involved in the project had been teaching science for more than 10 years.
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One teacher had 4 years of experience working with the technologies described in the study
and the other had 3 years.

Measures

To examine the engagement of the videotaped groups, we selected ten observations of groups
working on common tasks. These tasks included groups’ creation of their initial models with
EMT in each of the 3 units, engaging in hypothesis testing with simulations, and the revision
of EMT models at the end of the unit.

For the purposes of this study, we developed an observation protocol designed to evaluate
collaborative group engagement using four dimensions. The quality ratings were grounded in
theoretical conceptualizations and existing qualitative coding protocols, but modified for use in
this collaborative, disciplinary, and technology-mediated context (elaborated below). Here, we
operationalize and provide more detailed information related to each form of engagement (see
Table 1).

Behavioral engagement Behavioral engagement refers to the degree of the group’s on-task
participation. Specifically, we examined evidence for the group’s shared attention on the task
and contributions, active involvement in group activity, and persistence in the face of distrac-
tion or heightened challenge (Lee and Anderson 1993; Lee and Brophy 1996). Group
members who engaged in off-topic conversation or distracted remaining team members
evidenced low quality behavioral engagement (Van den Bossche et al. 2006).

Social engagement Social engagement refers to positive socio-emotional interactions.
Group interactions were differentiated in terms of quality given evidence of respectful,
responsive, and cohesive interactions (Linnenbrink-Garcia et al. 2011; Rogat and
Linnenbrink-Garcia 2011). In addition, high quality social engagement indicated all group
members were equally involved in the task, rather than some group members’ contribu-
tions being excluded or ignored (Rogat and Adams-Wiggins 2014). Further, in conceptu-
alizing negative socio-emotional interactions, we integrate Rogat and colleagues’ (2011;
2014) characterizations of one group member’s attempts to dominate group interactions
(i.e., directive other-regulation) within a moderate quality rating. Directive other-
regulators foster negative socio-emotional interactions given patterns of ignoring, rejec-
tion, and exclusion of fellow group members’ contributions (Rogat and Adams-Wiggins
2014; in press; Rogat and Linnenbrink-Garcia 2011) (also see Barron 2003; Eilam and
Aharon 2003; Kumpulainen and Mutanen 1999).

Cognitive engagement Cognitive engagement is measured with a focus on groups’ use of
regulation and deep-level learning strategies (Fredricks et al. 2004; Pintrich 2000). Groups
cognitively engage when they jointly regulate conceptual understanding of content or disci-
plinary practice, and their task activity. Given our focus on shared regulation, observations, we
focus on group regulation rather than individual group member’s self-regulated learning. We
employ a socially shared regulation theoretical lens with attention to cognitive sub-processes
by investigating the above regulatory foci in relation to planning and monitoring (Khosa and
Volet 2014; Molenaar and Chiu 2014; Rogat and Linnenbrink-Garcia 2011). Planning involves
interpreting task directions and setting task and learning goals, designating task roles, eliciting
relevant prior knowledge, as well as what steps the group will take to take to accomplish the
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task and modifications made to initial plans. Task monitoring refers to evaluating content
understanding and strategy use, progress toward the task solution, group goals, or plan for
completing the task.

Conceptual-to-consequential (CC) engagement CC engagement on the shared task is
meant to reflect group progress toward assigned task problems on a continuum of content
connections that range from simple knowledge telling (Scardamalia and Bereiter 1996;
Chernobilsky et al. 2004) to using science concepts and practices, related to the unit’s driving
question, meaningful task problem, or relating to their real world experiences (Gresalfi et al.
2009). This form of engagement involves attempts made by groups to connect other sources of
knowledge and experiences as conceptual tools, and establish content connections in the
context of a meaningful problem.

For each engagement dimension, a rating of low, moderate, or high (range 1-3) was
assigned to reflect quality of group engagement (see Table 1). Ratings were assigned for
each form of engagement with the group being the unit of analysis. This measure afforded
a focus on collective engagement, rather than the engagement of individual members of
the group.

All videotaped observations were uploaded into qualitative data analysis software for
observation and rating. Observations were segmented into 5-minute intervals, beginning
when collaborative group activity was initiated (i.e., excluding teacher directions; whole
class discussion). Ratings were assigned every 5 min and were accompanied with justifi-
cations. Each 5-minute segment was viewed and then paused to allow for the rater’s
evaluation of each form of engagement during that time period. This interval was selected
because previous measures of behavioral engagement have investigated the degree of on-
task behavior in 5-minute segments (Lee and Brophy 1996). In addition, segmenting the
videotaped observations using time segments allowed an examination of fluctuations in
quality variation over time.

To achieve reliability, the observation protocol was initially piloted using video recordings
of project data from collaborative groups that were not included as part of the final sample.
During this phase, additional elaboration and detail were incorporated to clarify the quality
designations for each engagement dimension. Examples were identified for use in a codebook
by the primary coders. After achieving initial consensus on the piloted videos with the third
author, the first author rated the full corpus of data. Any questions or clarifications during
coding were resolved in the full group and/or with the third author, and any resulting
modifications initiated recoding and revision of the engagement ratings. Reliability was
obtained with a research assistant on 20 % of these videos following training by the primary
coder and gaining consensus on a separate sub-sample of the coded data. Inter-rater reliability
was assessed on the assigned quality ratings for all 5-minute segments for each included
videotaped observation. An 86 % inter-rater reliability was achieved.

Achievement In order to determine students’ initial understanding of aquatic ecosystem and
how it developed over the course of the unit, we administered pre and post-test assessments.
As part of the assessments, students were asked to draw what happens in an aquatic ecosystem.
We focus on this measure since it is useful for evaluating student understanding of a
combination of system measures. All drawings were coded along multiple dimensions to
better understand how interacting structures and processes may affect increasingly complex
systems thinking. We developed coding along the following dimensions: Structure-Behavior-
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Function (SBF) relations, Macro/Micro relations, Biotic/Abiotic relations and Extraneous
Structures. Scoring criteria are summarized in Table 2 (see Eberbach et al. 2012). We also
provide an illustration of how the coding was applied to student drawings in supplemental
materials.

Data analysis

Our goal was to examine engagement quality variation within this collaborative technology-
mediated learning environment. Initially, we characterized the engagement quality of the
whole sample. Toward this end, we calculated correlations among the four engagement
dimensions (i.e., behavioral (BE), social (SE), cognitive (CE) and conceptual-to-
consequential (CC) engagement). In preparing the data, we drew on the four assigned
engagement ratings for each 5-minute time segment for all ten observations for the ten groups
in the sample. Given that these time intervals are nested, and to avoid an overestimation of the
correlations, we centered the values within each group for use in calculating the correlations.
Importantly, this analytic step facilitated between-group comparisons related to quality of
observed engagement and informed group case selection.

In a second set of qualitative analyses, we sought to construct a rich description of
collaborative groups’ engagement quality when working with the technology tools, with three
primary emphases. First, we aimed to differentiate low and high quality collaborative engage-
ment using thick descriptions through the analysis of two groups. Second, we aimed to explore
the interrelationships among engagement dimensions in regards to their reciprocal influence
during group interactions. Finally, we sought to analyze how engagement quality and the
interrelations among dimensions unfolded over the course of group activity during a lesson.
We selected two groups representative of low and high quality engagement across forms of
engagement using the engagement means. We opted to select collaborative groups at the end
points of quality relative to the full sample since this research is exploratory, with the intent of
better understanding quality variation observed when groups engage within CSCL contexts
(Firestone 1993).

We focused our examination of group engagement on their work with the modeling tools.
Groups created explanatory models for the causes leading to fish death in the form of CMP
concept maps. After viewing the video describing the problem of dying fish, the groups

Table 2 Scoring Criteria for Student Drawings

Criteria 1 2 3
Macro/Micro (e.g., fish, Identifies only macro Identifies both macro Identifies relationship(s) between
plants/bacteria, oxygen) structures or processes” structures or processes macro structures or processes
Biotic/Abiotic (e.g., fish, Identifies only biotic Identifies both biotic and  Identifies relationships between
plants, ammonia, sun) structures® abiotic structures biotic and abiotic structures
SBF Identifies structures without Identifies structures in Identifies structures in relation
connecting to behaviors relation to behaviors to behaviors and functions
or functions or functions
Extaneous (e.g., castles, divers) Includes no extraneous N/A Includes at least 1 extraneous
structures structures

#Based on our observations, students began with macro or biotic structures

®If only one abiotic structure appeared in a largely biotic scene, we coded the drawing at Level 1. A higher score
represented a more desirable outcome, except for extraneous structures
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constructed models on large posters based on their initial hypotheses. The paper models served
as initial points of discussion for the electronic models created using the Ecological Modeling
Toolkit (EMT; Vattam et al. 2011). Later in the unit, the groups revised their models and
included evidence based on information gathered from multiple sources (i.e., simulations,
hypermedia, curriculum materials, whole class discussion). EMT supported groups’ develop-
ing understanding of both individual mechanisms and the meta-level concepts related to
complex systems (Vattam et al. 2011).

For the purposes of this case comparison, we selected one lesson for close examination of
each group’s collective engagement. The selected lesson involved revision of the EMT models
during the pond unit. We selected this task because it offered significant potential for
facilitating CC engagement by affording opportunities for synthesizing and drawing connec-
tions among science concepts and sources of evidence from across the unit (such as informa-
tion gathered from simulations, hypermedia, and other curricular materials) in ways that
related directly to the larger unit problem. In addition, cognitive engagement was further
facilitated given the focus on revision of the group’s explanatory model from earlier in the unit
in light of additional content instruction and teacher feedback.

This qualitative analysis involved several phases. We returned to the videotape and re-
viewed the group interactions. Prior to the observation, the engagement protocol,
assigned engagement ratings for the selected lesson, and justifications were revisited.
The observation that followed was conducted by the first two authors, with a focus on
preparing a narrative that richly described the BE, SE, CE and CC engagement at each of
the S5-minute intervals during that particular lesson. In a second phase, and to inform and
deepen our interpretation of the group interactions, we examined each group’s final
explanatory model for the pond unit that was the subject of the observed lesson. Here,
we focused on the developed content connections as well as the causes of fish death
proposed in the model. In a third analytic phase, and as an additional data reduction
artifact, a graph was prepared to represent each case group’s engagement ratings across
the modeling lesson. The visual representations supported our analysis of (1) the trend in
engagement quality for each group, (2) fluctuations in engagement quality over the
course of the group activity, and (3) the interplay of forms of engagement during phases
of the lesson. Next, we revisited the narrative to ensure that the interpretations made
across analytic artifacts were complete as well as cohesive. A final phase of analysis
focused on case group comparison. Here, we contrasted the engagement quality descrip-
tions in efforts to identify salient differences and to consider how the engagement
dimensions were interrelated in fostering both lower quality and higher quality group
interactions.

Once cases were developed and group comparisons completed, we examined individ-
ual group member’s unit pre and post-test achievement scores; group measures of unit
achievement were not collected as part of this study. This measure of achievement
provided a separable outcome to investigate whether higher quality engagement, using
this multi-faceted, dynamic, shared, and contextualized conceptualization, has benefits
for group members’ learning outcomes. In addition, we gain some validity information of
our engagement ratings, beyond the concept map artifact, by considering whether high
quality ratings were associated with higher individual achievement on the post-test.
Some care should be taken in drawing strong conclusions regarding a relation between
engagement ratings and achievement, given that the achievement data is at the individual
level of analysis.
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Results
Engagement quality across groups

To more broadly capture the engagement for the full sample, we examined the relations among
forms of engagement as well as means and total scores for each group.

Correlations An examination of the correlations among forms of engagement suggests that
there were interrelations among all forms of engagement (Table 3). First, although behavioral
engagement was correlated with social and cognitive engagement, it had only a moderate
correlation with conceptual-to-consequential engagement. Consistent with research by Lee and
Brophy (1996), this result may suggest that groups’ behavioral engagement alone may not
have been sufficient to promote CC engagement. CC engagement was significantly related to
cognitive engagement and moderately related to social engagement. In addition, we also
observed that social engagement was highly correlated with behavioral engagement. This
was supported by evidence from video footage that indicated multiple instances when groups
were collectively engaged in off-topic conversations in several segments. During such epi-
sodes the groups did not actively work with the simulations or modeling tool to make sense of
the assigned problem. It is important to recognize the high inter-correlations among the facets
of engagement, which while suggesting relationships within a broader meta-construct, also
indicates the need for some caution in considering whether these facets can be distinguish
empirically.

Mean engagement scores We examined the average engagement quality ratings for each
form of engagement across groups to get an overview for the full sample. Table 4 shows the
average score for behavioral, social, cognitive and conceptual-to-consequential engagement
across lessons for each group. The final row also provides sample means.

In general, these descriptive statistics illuminated between-group differences, suggesting
substantial quality variation in engagement across the ten groups. The sample means for
behavioral and social engagement were higher than for cognitive and consequential engage-
ment, and this was a consistent pattern in the mean for all groups. Most groups demonstrated
moderate quality behavioral engagement, with the sample mean for social engagement just
over a 2. However some groups (such as 4-8) showcased low levels of social engagement.
This implied that being behaviorally engaged was not necessarily a pre-requisite for the groups
to collaborate on the assigned problem. The lower means for cognitive and consequential
engagement may suggest that groups faced challenges reaching higher quality forms within
this CSCL context. We drew on the means to identify groups 6 and 10 for follow-up case
analyses, as they demonstrated the lowest and highest levels of engagement (respectively)

Table 3 Correlations among en-

gagement dimensions BE SE CE Cc-C
BE - - — _
SE 57 - - _
CE 44 51 - _

All correlations significant at the c-C 37 42 68 _

p<.001 level
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Table 4 Engagement Averages for Groups

Group BE M (SD) SE M (SD) CE M (SD) CC M (SD)
1 2.23 (0.78) 2.12 (0.55) 1.88 (0.68) 1.65 (0.62)
2 2.76 (0.55) 2.24 (0.60) 2.05 (0.62) 173 (0.51)
3 2.52 (0.61) 2.12 (0.55) 1.69 (0.51) 1.46 (0.54)
4 2.27 (0.73) 1.97 (0.65) 1.68 (0.62) 1.50 (0.65)
5 2.15 (0.64) 1.94 (0.61) 1.52 (0.70) 1.42 (0.61)
6 1.86 (0.63) 1.46 (0.56) 1.05 (0.23) 111 (0.31)
7 2.00 (0.65) 1.91 (0.60) 1.75 (0.68) 1.62 (0.60)
8 2.16 (0.65) 1.92 (0.49) 1.68 (0.66) 1.45 (0.56)
9 2.64 (0.52) 2.13 (0.44) 1.83 (0.70) 1.64 (0.65)
10 2.66 (0.55) 2.60 (0.57) 2.34 (0.55) 2.38 (0.60)
Full Sample 2.33 (.69) 2.06 (.62) 1.77 (.68) 1.62 (.65)

Groups 6 and 10 are the groups selected for cases and designated by bold and italics

relative to other groups. An examination of the pre-test scores administered before the start of
the pond unit suggests that similar level of prior knowledge relevant to aquatic ecosystems.

All groups had access to the same set of technologies but nonetheless differed in their
behavioral, social, cognitive and conceptual-to-consequential engagement when engaged with
this CSCL context. This prompted us to take a closer look at interactions that highlighted the
plans made by group members, the conceptual connections that were established and overall
group coordination that facilitated such experiences and allowed us to examine how these
engagement patterns related to how groups made use of the technologies.

Quality of collaborative group engagement: contrasting cases

Low Quality Engagement Group Group 6, a three-member team (Ethan, Elton and
James), had the lowest scores across forms of engagement relative to the sample. Overall
the group’s low quality BE, SE, CE and CC ratings were apparent during their interaction with
the modeling tool. Initial ineffective planning (CE) and a decision to work on the task
individually (SE), seemed to provoke much of the ensuing low quality engagement across
dimensions. In what follows, we first examine the quantitative engagement ratings, and how
these unfolded over the lesson. Next, we provide a description grounded in our qualitative
analysis, to characterize the observed engagement relevant to each dimension. Finally, we
synthesize across the ratings and qualitative description to consider how the quality of
engagement across dimensions mutually influenced one another to explain Group 6’s lower
quality engagement.

Engagement ratings Figure 1 shows Group 6’s engagement ratings over the course of
working with the EMT to revise their concept map for the pond problem. The group started
working with the modeling tool after 15 minutes of teacher-led whole class instruction. During
this introduction, following initial brainstorming of causes for fish death, the teacher provided
directions related to how to add components and phenomena to their model using the EMT
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Group 6's BE Group 6's SE
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Fig. 1 Group 6’s Engagement Patterns

toolkit. The teacher also provided task specifications regarding the number of components for
inclusion and that the model should be completed as a group. Across the group activity, the
ratings reflect largely low and moderate quality engagement. Figure 1 shows two different
primary patterns. First is the lower quality engagement early in the activity (Time segments 2
and 3), with all four facets of engagement at a one rating in the third time segment. The last
10 min of group activity shows moderate CC, followed by moderate cognitive engagement,
accompanied by moderate behavioral and social engagement.

Behavioral engagement Group 6 frequently engaged in off-task conversations, reflecting a
decision for only one group member to use the EMT software and add to the model at a time.
As a consequence, two of the three members of the group disengaged for 70 % of the time
during the modeling task. James was the group member who was largely responsible for
adding to and revising their concept map. Although James occasionally sought his two group
members’ input, for example during initial task planning (Time 1), this involvement was not
sustained. For example, in the following excerpt, James worked independently while inter-
mittently engaging in an off-task exchange with Ethan:

James: You tired? (Video shows him talking while adding components to the model).
Ethan: Yeah...And I didn’t even go to bed that late. What time do you go to bed?
James: It varies. If I can’t sleep I’ll like play on my iPod for like 10 min. And then go to
bed.
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Ethan: Do you have a bedtime?

James: No. Well, my parents want me to go to bed early like 8:30 or 9 if I’'m sick. If 'm
not then I get to stay up, say if I’'m watching a movie like 10:30 or 11. But that’s on
weekends.

Ethan’s contributions related to model development remained sporadic. This led to infrequent
and inconsistent participation of group members who were only intermittently on-task during
this activity. This general pattern that explains the first 20 min of group work shifts for the last
five minutes of the lesson. In the final segment, all three-group members work on the
explanatory model, perhaps due to an awareness of the short time remaining for completing
the task. Overall the group displayed low to moderate quality behavioral engagement, dem-
onstrated by on-task activity by a single group member at a time.

Social engagement Social engagement during model creation and revision was primarily
moderate. These assigned ratings of 2 reflect a climate characterized by low group cohesion.
While there were a few initial attempts to initiate a group discussion, with efforts to solicit
everyone's ideas, most of the time group members worked on the task independently and one
at a time. Analysis of video footage suggested evidence of low cohesion as Ethan and Elton
participated in off-task discussion while James worked independently. In addition, group
members made multiple references to “I think” while proposing a group hypothesis on why
the phenomena occurred, and references to “I’m going to” and “My turn” when planning what
components to add during model revision. Further evidence for low cohesion was shown in the
text entered into the final model (see Fig. 2). This use of “I” shows a focus on individual
thinking, and a conceptualization of the work as individual activity, rather than collaborative.

What is happening?
fish are dying in the pond

Why do you think it's happening? Model your ideas!
Type in the box below why you think this phenomenon is happening Click "New Mode!" to 2dd 2 new model,
Feel free to propose multiple ideas or explanations. or select 2 model from the box and click "Open Mode!”.

In the pond there may be pallution or chemicas rom facore 1 aso k. IR D

New Mode! Open Model
Evidence of low group Do research!
cohesion: Focus on self Consult sources Use simulations
Aquarium Hypemedia Carbon Cyde m
Carbon Hypermadia Fish Spawn
Pond Hypermedia Pond Macroscopic s
Dand Missaconnia 3
[ New Open Import ( Open Selected Resource ) Open Selected Simulation )

Fig. 2 Evidence of Low Quality Social Engagement by Group 6
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Another indicator of low quality social engagement was that even when group members’
contributions were solicited and/or shared, these ideas were not consistently taken up for
discussion or further incorporated into the group model. For instance, group members ignored
one another’s questions and ideas; rather than be responsive to a teammate, group members
were observed simply adding their own disconnected contribution:

Ethan (reads from a sheet of paper): There also may be smoke from cars and fertilizers
getting into the lake. Could there be acid rain in it?

(Elton and James do not respond. Elton steps away after he finishes typing.)

James: It could be a disease. Do we have that?

(Ethan and Elton do not respond to his question. He turns the laptop towards himself
and starts typing.)

In general, our analysis of these socio-emotional interactions suggested an understanding
that the task was individual rather than collaborative; interactions demonstrated parallel
individual efforts to solve the assigned problem. Moreover, group members were not respon-
sive during the few observed episodes of joint activity.

Cognitive engagement Group 6 demonstrated low quality cognitive engagement. A primary
source of this low level CE stemmed from initial task planning, when brief attempts left plans
vague and incomplete, with the group not developing specific plans. Moreover, the initial
planning suggested a misinterpretation of the task directions and purpose:

Ethan: Why do you think this is happening? (Referring to causes of fish death)

Elton: Low oxygen.

Ethan: Should T just list the reasons?

Elton: Well remember what we did yesterday with the evidence?

Ethan: Yes. (During this time James was writing on a sheet of paper. Ethan had the
computer facing him while typing. Elton periodically looked at the computer.)

This example shows that the group’s planning remained unspecified. Ethan’s stated task goal
for listing reasons suggests a simplifying and misinterpretation of the modeling task. The
intended purpose of generating the list remains incomplete, as the group did not discuss possible
interconnections between components that led to conditions resulting in the death of fish. It
seems that Elton then made an attempt to respond to Ethan’s planning by connecting back to the
previous lesson’s whole class modeling activity to shape the group’s plan. In the previous lesson
the whole class developed a consensus model as an example to inform their own specific group
model. However, Elton’s response only generally evoked the previous lesson, without provid-
ing any details or feedback about what to remember and draw from that experience to inform
their group plan (i.e., low quality CE). Ultimately, the plan they developed remained focused on
developing a list of reasons for low oxygen, rather than explaining fish death.

Following this exchange, the group began enacting their plan to generate a list of reasons
for low oxygen. Subsequent group activity suggested that one consequence of the initial low
quality planning resulted in subsequent low quality task monitoring:

Elton: You forgot to write an “a” here. (Pointing to a spelling mistake)

Ethan: In the pond there may be pollution or chemicals from the factory. I also think that
the green mucky.... Go ahead Elton. (Slides over the laptop to Elton)

Elton: Ok, I'll type.
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Ethan (reads from a sheet of paper): There also may be smoke from cars and fertilizers
getting into the lake. Could there be acid rain in it?

Here, the task monitoring was focused on spelling of components. Similarly, we observed
low quality cognitive engagement as group members focused planning on who should type or
add contributions to their model, rather than its content.

Taken together, low quality planning yielded activity that focused on listing factors
responsible for low oxygen levels in the water, rather than developing an explanatory model
for causes of sudden fish death. Specifically, Ethan and James identified multiple causes such
as pollution, chemicals from the factory, and green mucky water. They also listed smoke from
cars, fertilizers getting into the lake, and acid rain (see Fig. 3). During the last 5 min of the
class period, the group shifted in focus, yielding some moderate quality cognitive engagement.
The group worked on connecting different components such as “population of fish” to the
“fish are dying” component (see CC engagement below). The group discussed the direction of
arrows, aligning components so that they pointed towards the “fish are dying” component.
They also maintained a superficial focus by discussing the colors of boxes. Low quality
planning seemed to be a primary reason that the modeling task devolved into creating a list.
Further, monitoring may have remained low quality as a consequence of this initial planning as
well as not having a common understanding of the purpose of the modeling activity. Thus,

Providean  the fish are rm:q because n: dont no why.The cause was that there | Current Toal: None N e | gise || Cees | [0
eplanation to was not enough oxygen in the wat% No tool selected. You can sill Component || -~ of Madel Model ZoomChain | |
appotthe (

drag connections by clicking on
shenomens: eg(omWﬂemls :Iyue bon;?rand H o!mm Bl ;‘_‘Pn'ﬂ“ndel L\hmshb‘h{ )
Primary cause of fish death S e L UL
-

il

' oxygen

List of multiple factors
to account for low
oxygen levels

Fig. 3 Group 6’s Explanation for the Fish Problem
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group members could not apply criteria to monitor the quality of content connections or
organizational structure.

Conceptual-to-consequential engagement The group displayed low quality CC engage-
ment while working with the EMT to uncover the factors leading to fish death. A fundamental
challenge relevant to CC was that the group’s work on the modeling activity did not seem to
connect to the larger unit problem explaining fish death in a pond, but remained narrowly
focused on a single factor. Group 6’s joint activity demonstrated three primary indicators of
low CC engagement. The group generated connections that were not substantiated by the
available evidence or accessed via the conceptual or disciplinary tools. For example, individual
group member’s added separate and disconnected possible factors that could have caused low
oxygen such as smoke, pollution from the air, and the presence of fish disease. The available
data sources did not direct attention to these factors listed by the group (i.e., information from
simulations, data related to water quality, or hypermedia). Moreover, Group 6 did not provide
rationales backed by evidence in their discussions.

An examination of the group’s final model provided further evidence for the primarily low
quality conceptual-to-consequential engagement (Fig. 3). First, the group stated in the expla-
nation box (located on the top left hand corner of the model) that they thought low levels of
oxygen led to fish death. Low levels of oxygen were in the example provided on the handout
that accompanied the simulation. It is notable that the group did not extend beyond this initial
conceptualization of the modeling task. This was evident as components, such as carbon
dioxide, nutrient run-off, and dead matter was connected to oxygen, rather than fish death.
Connections established between components were superficial, as the explanation boxes
simply reported simulation outputs and observed relationships without linking to the fish
problem (e.g., “If the dead matter increases, oxygen would decrease” and “If oxygen
increases, carbon-dioxide decreases”). Second, it appeared that the group also explored the
possibility of alternative causes of fish death, such as decreased quantities of food and presence
of carbon dioxide. However there was no evidence in the curricular resources that supported
their reasoning that fish could have died due to these factors. A final indicator of their lack of
coherent connections is that the group added multiple representations of the fish component
with varying properties. Ultimately, Group 6’s concept map primarily focused an aggregation
of individual connections that did not relate to the larger problem. Taken together, Group 6 did
not seem to use the available conceptual, scientific, and instructional resources in consequen-
tial ways to solve the larger problem of fish death in the local pond.

Interrelationships among engagement dimensions The separate examination of each
engagement dimension was an important step in understanding the challenges faced by
Group 6. In this final section, we consider how the mutual influence among dimensions
explains Group 6’s lower quality engagement. Initial low quality planning decisions in the first
5 min seemed to set the stage for the remainder of group activity, and the predominant pattern
of low-level engagement. Here, the group misinterpreted the purposes of modeling as a list of
reasons, and only engaged in very brief attempts at task planning, which together posed
significant challenges (i.e., cognitive engagement). Concurrently, low quality social engage-
ment augmented the problem with group members working independently to add components,
rather than jointly coordinating their task work. This continuing independent activity fostered
low group cohesion. These initial decisions interrelated with disengagement for group mem-
bers not currently contributing to the concept map (i.e., low behavioral engagement) as well as
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low-shared commitment or goals for working together. (i.e., low social engagement). Our
analyses also suggested that the low quality planning p