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1. What are essential skills?

There is a growing number of constructs (skills, attributes, characteristics, values, and 
dispositions) considered important for students’ holistic development. Additionally, numerous 
theoretical frameworks have emerged that cluster and categorise these constructs in relation to 
student learning outcomes. For schools and educators teaching an existing curriculum, the 
increased emphasis on a growing number of ‘21st century’ skills can be challenging. Educators 
may find it difficult to develop an understanding of such a wide range of constructs and obtain 
sufficient pedagogical training to embed these into the classroom. 

Rather than focusing on the quantity of skills and competencies students may need, it is more 
feasible for education systems and educators to prioritise the essential skills that will have the 
highest impact on students’ learning. To this end, the Australian Council for Educational Research 
(ACER) focuses on skills which are:

• essential for learning: central to the development of student learning
• teachable: able to be fostered and nurtured through intervention and pedagogical strategies
• measurable: able to be demonstrated through observable behaviours in assessments and

monitored in a consistent way across contexts.

ACER’s skill development frameworks define 
five essential skills: critical thinking, creative 
thinking, collaboration, communication, and 
self-regulation (Figure 1). Further information 
about ACER’s essential skill development 
frameworks is outlined in the overview 
document: Essential skills for learning.

Critical
thinking

ESSENTIAL
LEARNING

SKILLS CollaborationSelf-regulation

Communication

Creative
thinking

Figure 1  ACER’s essential skills for learning

This document presents the ACER skill development framework for collaboration. It provides a 
general definition of collaboration and describes this construct as it applies in classroom-based 
learning. It then breaks down collaboration into its component ‘strands’ and ‘aspects’. At the level of 
‘aspects’ the ACER framework describes the observable behaviours or qualities of collaboration. The 
aspects provide foci for teaching and form the basis of assessment. For example, educators can 
write assessments to measure specific aspects of collaboration or integrate teaching of separate 
aspects into a lesson, knowing what and how much of the skill they are addressing at any given time.

https://doi.org/10.37517/978-1-74286-748-9
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2. The need for a framework
of collaboration

The definition of any skill or construct is essential in order to assess, teach, or develop pedagogical 
resources related to that skill. This ACER skill development framework supports researchers and 
educators with a clear definitional model on which to base their understanding of collaboration.

In this framework, collaboration is specifically considered in the context of learning. Accordingly, the 
framework assumes that collaboration is goal-directed – that the employment of the skill is driven 
by some purpose, and towards an end. This definition of collaboration is based on the premise that 
there is purpose and necessity to employing the skill.

The effective teaching or assessment of collaboration demands a robust understanding of what 
the skill involves and how it develops. This skill development framework addresses the challenges 
associated with teaching and assessing collaboration. While there are many definitions of the skill, 
few provide a means to operationalise collaboration in a way that is suitable for the classroom. This 
framework synthesises and harmonises existing theory and research on collaboration and provides 
a holistic yet practically-applicable perspective. It outlines collaboration processes by defining 
its strands and aspects, which are informed by a sound evidence base. The aspects contained 
within this framework are malleable: they can be taught and they can be learned. The framework 
is therefore designed specifically to provide foci for teaching and assessment. This ACER skill 
development framework supports researchers and educators to better understand the skill of 
collaboration by:

• defining the skill conceptually
• breaking down the skill into the various strands and aspects that comprise it
• presenting the aspects as observable behaviours in learners
• identifying different levels of proficiency in the skill.

The skill development framework describes collaboration as a generally applicable set of 
competencies. However, the teaching and assessment of the skill is necessarily context-specific 
and must take place within a learning area. The strands and aspects within the framework are 
applicable across a broad range of learning areas. Embedding collaboration as a skill within learning 
areas gives context to its application, ensures it is relevant to existing curriculum, and that it can be 
sustainably integrated in a classroom context. An intended benefit of this framework is that it 
provides consistent terminology to describe the skill of collaboration, and its associated aspects 
and levels of proficiency, within and across learning areas, schools, and systems. It allows 
educators within any given learning area to directly map their assessment items to the aspects in 
the framework, or to integrate the aspects into their lesson plans.
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3. The importance of collaboration

There is increasing demand to work well with others and to work globally (O’Neil et al., 2004). 
Consequently, collaboration skills that allow effective working in groups have been identified 
as increasingly important for success in school and work environments (Singh-Gupta & Troutt-
Ervin, 1996). Collaboration has been shown to enhance learners’ cognitive development (Webb et 
al., 1998; Zhang, 1998) and has been demonstrated to have advantages in encouraging learners’ 
accountability, ability to ask questions and justify responses, flexibility in problem-solving and 
reflective skills (Baghaei et al., 2007; Soller, 2001; Webb et al., 1998).

Social interaction or awareness during cognitive tasks such as problem-solving has been considered 
beneficial for some time. Several prominent researchers highlighted the learning benefits to the 
individual of interaction with other humans suggesting that placing learners in a social context is a 
core strategy for developing complex cognitive skills such as problem-solving competency (Glaser, 
1992; Vygotsky, 1986; Wittrock, 1989). When learners work collaboratively to solve problems, they 
think through the problem and the processes more explicitly during their interaction with others. This 
leads to a greater conceptual understanding and leads learners to manage tasks more effectively 
(Darling-Hammond, 2003).

Research suggests that learners process information differently when they work in groups compared 
to working independently (King et al., 1997). Social interactions make learners’ understanding explicit, 
and learners can improve their comprehension through discussion, elaborating, and negotiating with 
others to reach shared understanding (Van Boxtel et al., 2000). Collaborative tasks such as asking 
questions, peer mentoring, and providing feedback can help learners to solve problems or finish 
tasks they may have otherwise not been able to complete and therefore allow them to move towards 
higher levels of proficiency (King et al., 1997). Social interaction while working through complex 
tasks can provide additional ideas and shared meaning that an individual would not achieve without 
communicating with others (OECD, 2017). 
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4. What is collaboration?

Collaboration plays a part in theoretical and technological developments in educational research 
(von Davier & Halpin, 2013). Much of the research in the field of collaboration has focused on 
collaborative learning, problem-based collaboration, or computer-based collaborative learning. The 
definition of collaboration is much more complex than simply working with others. The literature 
has shifted from a simple definition of working in groups, to defining collaboration as an action 
where two or more learners pool knowledge, resources and expertise from different sources 
in order to reach a common goal. The distinction between interdependence and independence 
provides some insight into the nature of collaboration. The focus of team or group work literature 
has been on independent teams where learners work in relative isolation. Interdependent teams 
rely on the actions of others and cannot perform the task independently (von Davier & Halpin, 2013). 
Collaboration is related to the latter. There is shared responsibility and an active division of labour. 
For example, a marching band or sports team are highly dependent on the interrelated actions and 
communications of the various members of their group. 

Dillenbourg (1999) highlighted that collaboration consists of symmetry of knowledge, symmetry of 
status and symmetry of goals but that the roles and tasks for each person in the collaboration may 
be different. Symmetry of knowledge suggests that all participants have different perspectives but 
their application of respective knowledge is required. Symmetry of status refers to collaboration 
between peers as opposed to hierarchical supervision. Symmetry of goals in collaboration refers 
to participants having common goals rather than differing or opposing goals. Dillenbourg (1999) 
also highlighted the difference between cooperation and collaboration. Cooperation depends upon 
symmetry of action with learners working on parallel tasks and eventually bringing both parts 
together as one. Collaboration requires learners working together on the same task where the 
division of labour is intertwined and therefore requires interdependent tasks (Lai, 2011). 

In an educational context, collaboration is when learners work together to achieve a common goal 
in a shared learning environment (Underwood & Underwood, 1999). Theorists such as Vygotsky 
(1986) and Piaget (1983) have had a large impact on research into collaboration as they suggest 
that social interaction facilitates learning. Vygotsky’s socio-cultural perspective highlighted that 
social interaction is internalised, triggering change and new understanding. His zone of proximal 
development (ZPD) theory identifies the distance between what a learner can achieve individually 
and what they can achieve with the help of a mentor, usually an adult such as a teacher or parent. 
Piaget’s socio-constructivist approach identifies developmental stages of children’s cognitive skills. 
It also highlights cognitive conflict, where learners recognise a discrepancy between their cognitive 
understanding and new information, as crucial to triggering growth. This discrepancy is most 
common when we compare and discuss our own knowledge or understanding with others who have 
different levels of ability than us (Piaget, 1983). Therefore, generally, the nature of collaboration tends 
to focus on ability to learn from the interactive situation (O’Neil et al., 2004). 
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What are the key components of collaboration?
A framework developed by Hesse et al. (2015) identified three essential components of collaboration 
specifically within a problem-solving context: participation, perspective taking and social regulation. 
Participation refers to learner engagement with the task, the extent to which they persevere to solve 
the problem and how well they interact with others. Perspective taking focuses on the quality of the 
interaction between learners during collaborative problem-solving such as how learners respond 
and adapt to one another. Social regulation refers to how learners navigate the collaborative space 
and includes negotiating and resolving differences, evaluating their self and their peers and taking 
responsibility for the solving of the problem.

The OECD’s Programme for International Learner Assessment (PISA) outlined a framework 
to support their assessment of an innovative domain: collaborative problem-solving. Three 
collaborative processes were identified: establishing and maintaining understanding, taking 
appropriate action to solve a problem, and establishing and maintaining team organisation (OECD, 
2017). Establishing and maintaining understanding refers to a learner’s ability to identify the 
knowledge and perspectives of others and establish a shared understanding of the problem. Within 
these strands learners must have a good understanding of their own and others’ capabilities and 
knowledge so they can work towards mutual understanding. Taking appropriate action to solve 
a problem refers to a learner’s ability to identify the appropriate steps and strategies in order to 
solve the problem. This includes developing a plan and executing and monitoring the outcomes 
of the actions. These processes require strong communication skills such as negotiation and 
explaining complex information in an appropriate way for others. Establishing and maintaining team 
organisation refers to learners’ ability to understand their role and teammates’ roles and organise 
their team structure to the task. This includes adhering to their role, managing the organisation of 
the group, successfully navigating obstacles in communication and ensuring the problem is solved 
under optimal conditions. 

Although there are different definitions of collaboration presented in the literature, similar 
components can be identified in each. For example, due to the nature of collaboration, the 
participation of each learner and their level of engagement with a task directly impacts on the 
effectiveness of the collaborative group as a whole. Some teamwork models align learner ability 
to take responsibility with their ability to lead (O’Neil et al., 2004), although collaboration does not 
require one learner to take sole responsibility or leadership for the task – there must be a distribution 
of responsibility. 

Shared, or collective, responsibility refers to a situation in which the responsibility for the success 
of the group is distributed among all members, rather than being placed on one individual or leader 
(Scardamalia, 2002). By definition, collaboration includes the assumption of shared responsibility 
during collaborative work (Trilling & Fadel, 2009). If learners do not adopt shared responsibility they 
may disengage from the task, which is likely to impact the overall performance of the group (Hesse 
et al., 2015). 
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Initiating cognitive responsibility is critical in collaboration. Cognitive responsibility refers to learners 
taking responsibility for knowing what needs to be known and ensuring that others know what needs 
to be known (Scardamalia, 2002). Therefore, learners need to take responsibility for understanding 
the progress of the task and staying cognitively aware of tasks as they happen. Zhang et al. (2009) 
identified that collaboration results in more collective cognitive responsibility than group work. This 
suggests that the distribution of information encourages more collective contributions from learners. 
Jennings and Mamdani’s (1992) findings suggest that for collaborators to take responsibility, there 
has to be identification of a common problem, recognition of the need for joint action and setting of 
common goals. 

Studies have shown that learners’ motivation to share responsibility for a task is impacted by 
whether:

• their contribution is valued (Williams et al., 1981)
• their shared task is aligned (Barron, 2000)
• they have access to resources (Avouris et al., 2003),
• reciprocal feedback is presented (Johnson & Johnson, 2003).

Therefore, learners’ willingness to take shared responsibility for the task may depend on how 
successful the joint planning process was. Committing to shared responsibility can be influenced 
by learners’ belief in their ability to achieve the goal, as an individual or as a group (Hollenbeck & 
Klein, 1987). In order to enhance shared responsibility, some researchers have informed the learners 
that the task provided to them, based on their ability, is achievable (Huber, 1985). Care et al. (2015) 
found that in online collaborative tasks, learners who were more collaborative tended to take more 
responsibility for their group and ensured that the tasks necessary for task success were completed 
by both themselves and their partner. This was assessed through learners reporting their tasks to 
others as they progressed through a task. Highly proficient learners reported specific information on 
their progress and tasks. 

Communication in the group is an essential component of collaboration and involves learners 
sharing understanding and information with one another (Loxley, 1997). Communication could 
be interpreted as the foundation of many other subskills required for collaboration since learners 
will need to interact with one another in order to successfully coordinate in subsequent processes 
(Crowston et al., 2006). For example, listening effectively is a core competence highlighted in 
frameworks addressing collaborative skills (Mickan & Rodger, 2000; Stevens & Campion, 1994; 
Trilling & Fadel, 2009). Wilczenski et al. (2001) identified that learners who performed more 
facilitating communications such as drawing another person into the discussion, asking a clarifying 
question, or communicating a problem-solving strategy completed collaborative tasks with more 
effectively. The PISA collaboration framework specifically identifies purposeful communication 
with group members, regarding the actions to be performed. It highlights that learners should 
be communicating important information in order to establish common ground or shared 
understanding, which leading to successful communication (OECD, 2017). Clarifying the problem or 
task for others is a crucial element of regulating a group (O’Neil et al., 2004) and to do this someone 
needs to understand other group members’ perspective of the task. Learners should identify 
whether others’ understanding of the task requires clarification and provide this where necessary. 
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Communicating purposefully also includes sending important information about progress and 
prompting others to communicate and perform their own tasks (OECD, 2017). According to Hesse et 
al. (2015), the most proficient individuals are those who initiate communication and prompt others 
to respond. Those learners who are highly responsive to their partner are those who listen to their 
suggestions or contributions and follow through in implementing them (Care et al., 2015). 

A fundamental component of collaboration is being able to recognise that others may have a 
different perspective. Gaining insight about that perspective can:

• have a positive impact on maintaining a shared understanding of a problem or task
(Roschelle, 1992)

• allow roles and their respective responsibilities to be appropriately assigned among group
members (OECD, 2017)

• lead to adjusting communication to suit the receiver (Clark & Murphy, 1982).

Horton and Gerrig’s (2005) findings suggested that learners begin forming their understanding 
of others as they work towards ‘common ground’ or shared understanding and compare 
circumstances. Some research suggests that identifying that others have alternative perspectives, 
and as a result tailor communication appropriately, is an incredibly complex skill (Horton & Keysar, 
1996; Jucks et al., 2007). However, there is research to support that learners can be scaffolded 
into this behaviour, finding that younger learners who wrote letters that included clear problem 
statements and explicit requests for help indicated good audience awareness (Fussell & Krauss, 
1989; Kroll, 1984; Strange, 1988). The ability to adapt communication style for others is also based 
upon learner awareness of other’s communication ability, style and needs (Hesse et al., 2015).

Once differing perspectives are identified they need to be managed. Manninen and Korva (2005) 
identified that differing perspectives was one of the major contributing factors to emergent conflicts, 
along with pressure from peers, poor management of resources, and excessive trialling. Deutsch 
(2003) suggests that learners can view conflict as a problem for collaborative progress and that this, 
if managed constructively, can increase productivity. Diversity can be a positive encounter when 
learners know how to harness it (van Knippenberg et al., 2004). Learners who have good social 
regulation and negotiation skills should be able to harness positivity and learning experiences from 
the diversity of the collaboration (Thompson et al., 2010). Teamwork frameworks have recognised 
that conflicts are not necessarily negative but may provide a learning opportunity to learners. 
Stevens and Campion (1994) suggested that learners should learn to recognise useful conflict 
and employ conflict resolution strategies when they are not useful. Learners may need to make 
necessary compromises to accomplish the common goal (Trilling & Fadel, 2009); resolution of 
conflict should lead to a positive atmosphere in the collaborative team (O’Neil et al., 2004). 
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5. ACER’s collaboration framework

This ACER skill development framework describes collaboration within strands (core elements) 
that are then further qualified as aspects (sub-elements). A strand refers to the overarching 
conceptual category for framing the skills and knowledge addressed by collaboration 
assessments, while an aspect refers to the specific content category within a strand. Specifically, 
the ACER skill development framework for collaboration comprises three strands, with each strand 
containing three or four aspects as summarised in Figure 2 and described in the following 
sections. The aspects encompass the set of knowledge, skills and understanding held in common 
by the range of definitions of collaboration discussed previously. 

Accordingly, ACER’s definition is: 

Collaboration refers to the capacity of an individual to contribute effectively in a group. This 
involves perseverance, contributing to team knowledge, valuing contributions of others and 
resolving differences. Effective collaboration involves a division of labour with participants who 
are engaged in active discourse that results in a compilation of their efforts.
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Aspect 2.1
Participates
in the group

Aspect 3.1
Ensures own 
contributions 

are constructive
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Figure 2   ACER’s skill development framework for collaboration
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Strand 1  Building shared understanding
Strand 1 relies on learners building a shared understanding of the goal or problem presented to them. 
This involves establishing a group dynamic. Learners engage with and explore the problem or goal 
in order to build an understanding of the task. Their actions with both the task and their role could 
guide their understanding of the importance of their own working with others. The ability to interact 
with others and recognise the importance of that interaction will also contribute to their success. 
Learners’ understanding and awareness of others is likely to evolve as the collaborative relationship 
progresses. They will need to pool information from the task space and one another, and identify 
gaps in their understanding. They will then need to manage resources, send information to each 
other, request information, and integrate resources to build their mutual understanding and identify 
what is required to complete their task or task.

Aspect 1.1  Communicates with the group 
Usually communication serves a specific purpose, for example, to exchange information or to 
convey attitudes and values. The purpose of communication in a collaborative context, then, is 
to reach a common goal through the building of shared understanding (Loxley, 1997). Learners 
may ask questions or for clarification, they may also respond to other requests or questions. 
Collaborators should communicate about the related task and respond efficiently to others (OECD, 
2017).  Proficient collaborators will also initiate communication with others and in some cases 
facilitate communication between others, identifying that good communication is necessary to 
build a shared understanding (Wilczenski et al., 2001). Communication in this sense is not about 
individual communication but the individual’s communication to the group or group members. It is 
communication within the group for the benefit or goal of collaboration.

Aspect 1.2  Pools resources and information 
In collaboration, learners need to recognise that they and other group members may not individually 
have all of the resources required and realise the importance of sharing resources throughout the 
task (Avouris et al., 2003). Resources refer to information, skills, knowledge, expertise, or tangible 
resources that each learner brings to, or is provided by, the task. When working in groups, learners 
who are engaged and active understand that interacting with their group will be beneficial. To this 
end, proficient collaborators pool their resources and information in order to generate a larger 
repository and build a shared understanding (Larson & Christensen, 1993). Learners are able to 
recognise and bring together different pieces of information and identify how to optimally use their 
pooled resources. 

Aspect 1.3  Negotiates roles and responsibilities
Effective collaboration requires clearly defined roles and the appropriate division of responsibilities 
(Husting, 1996). Resources and information for a task need to be distributed between learners to 
encourage active participation from each group member. In order to build a shared understanding 
of the group task, a learner must realise that their participation is required and their contribution 
is essential. Proficient collaborators negotiate these roles and their associated responsibilities 
to ensure that there is the best match to the expertise, information, or skills held by the allocated 
group member. Group members can work together on finding ways that will help them achieve 
their common goal by making a plan to approach the task collectively through defined roles with 
associated responsibilities and (Zagal & Rick, 2006). 
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Collaboration requires shared responsibility for the task (Scardamalia, 2002). Those responsibilities 
need to be communicated back to the group as a whole so that joint execution of the plan can be 
maintained. If learners do not adopt shared responsibility learners may disengage from the task, 
which is likely to impact the group’s overall performance. 

Strand 2  Collectively contributing 
Once a shared understanding of the group, task and roles has been established, each group member 
needs to contribute their agreed responsibilities to the group, and recognise the contributions of 
others, for sufficient collaboration to occur. 

Aspect 2.1  Participates in the group
Participation in the group relates to the extent to which a learner is active during the collaborative 
task. Learners may participate when asked or in part of the task. Proficient collaborators will 
participate throughout the task, and see it through to the end goal or solution (DiCerbo, 2014). 
This focuses on the longevity and tenacity of the participation rather than the specific tasks they 
participate in (this is reflected in aspect 2.3). The extent to which a learner perseveres with the task 
can indicate their level of participation in the group. Proficient collaborators take multiple attempts 
at group tasks and try alternative strategies to reach the end goal even during difficult situations or 
problems (Scoular & Care, 2020). 

Aspect 2.2  Recognises contributions of others 
Understanding another person’s perspective of the problem or task is a critical skill in maintaining 
a shared understanding throughout collaboration. Further, comprehending how another person’s 
perspective can contribute to the greater good of the group is important for effective collaboration 
(Trilling & Fadel, 2009). Proficient collaborators acknowledge that others may have a different 
perspective, which may be beneficial to the group as a whole. Listening to, acknowledging, and 
comprehending others’ perspectives can impact on individual behaviour leading to acceptance, 
rejection or incorporation of contributions (Horton & Gerrig, 2005). 

Aspect 2.3  Engages with role and responsibilities 
Effective collaboration requires clearly defined roles and responsibilities and appropriate allocation 
(as addressed in aspect 1.3). The actions learners take during a collaborative task is the foundation 
of successful collaboration and demonstrates the willingness and readiness to be involved in the 
group (Jennings & Mamdani, 1992). The extent to which each group member successfully carries 
out the responsibilities associated with their allocated role will relate to the overall success of the 
group as a whole. Proficient collaborators take responsibility for the actions determined by their role 
and understand the role of others in the task. Further, they will stick to the rules of engagement that 
the group has established, such as a shared strategy or plan, and monitor role engagement of others 
to ensure joint execution (OECD, 2017).
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Strand 3  Regulating the group
Ongoing regulation of the group dynamic and of an individual’s contribution to the group is important 
for effective collaborative working. Proficient collaborators will ensure their contributions are relevant 
and helpful to the task, as well as ensuring the shared understanding is maintained throughout. 
This may require checking in or reporting back to other group members, ensuring differences are 
resolved, and adapting behaviour and contributions to support others’ roles, understanding or 
perspective for the greater good of the group. 

Aspect 3.1  Ensures own contributions are constructive
In collaborative tasks, learners should work together by sharing information, knowledge and 
resources in order to make relevant contributions to group knowledge and outcomes. By ensuring 
the quality and relevance of their own contributions, learners can regulate how well they are 
contributing to the group, whether that be through monitoring the quality of their communication, 
actively participating, integrating others’ ideas, or engaging with their responsibilities.

Reflecting on one’s own contribution to the group can be a critical element in identifying ones’ own 
strengths and weaknesses in relation to the progress of the group task (Flavell, 1976). Learners who 
are proficient in evaluating themselves and their progress may also be better placed to monitor and 
regulate the collaborative space (Ohland et al., 2012).

Aspect 3.2  Resolves differences
Effective collaboration is distinguished by the quality of interactions. The interaction between 
collaborators should influence thinking and test negotiation skills to maintain a common 
understanding. Discussing differences of opinion or perspective, and negotiating how to use these, 
may improve learning as it encourage learners to explain and justify their understanding, providing 
more depth to their knowledge and perspective.

The presence or absence of negotiation skills becomes apparent when conflicts arise among 
group members. When working collaboratively learners need to find effective ways of resolving any 
differences or conflicts that arise when trying to reach the common goal. Learners bringing different 
opinions to bear need to navigate the collaborative space but with careful consideration of the views 
of others. Optimal collaboration requires that learners negotiate debate and argue their views so that 
perspective can be transferred (OECD, 2017). 

Learners working collaboratively present with varying expertise, knowledge and resources and 
learners who can regulate differences and conflict can fully exploit the benefits of diversity that 
their collaborators bring to the task (van Knippenberg et al., 2004). If conflicts do arise, skilled 
collaborators can address them efficiently by ensuring they are resolved. Learners developing this 
skill may be able to comment on differences but are unable to resolve them. Learners who have not 
yet developed this ability may not be aware of any differences or may choose to ignore them, leading 
to complications in communication and planning execution.
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Aspect 3.3  Maintains shared understanding 
Proficient collaborators understand the importance of maintaining a shared understanding 
throughout the task. By doing so they monitor group progress, request regular updates from group 
members, and provide updates on their own progress and reflections on the process. Learners’ 
contributions to the task involves a commitment to following the rules of engagement which 
includes providing important information about progress and prompting others to communicate and 
perform their own responsibilities. 

Given that these environments are complex and dynamic it is reasonable to expect that learners 
need to be adaptable and flexible in their effort to work together (Oser et al., 1999). Roles may 
need to be renegotiated to adjust for changes in the group dynamic, individual needs, or to improve 
effectiveness. Learners may need to adapt their approach to enable the group effort to succeed 
despite unexpected complications (Scardamalia, 2002).

Aspect 3.4  Adapts behaviour and contributions for others 
Learners’ understanding of their group members can facilitate better collaboration. They should be 
able to identify an appropriate style and level of complexity relevant to their group members and 
be able to adjust their communication, behaviour, and contributions to suit other group member’s 
needs. For example, learners are unlikely to deliver the same information in the same manner to their 
classmates as they are to their teacher. Commonly referred to in the literature as receiver awareness, 
it is a valuable skill for coordinating mutual tasks (Dehler Zufferey et al., 2011).

Proficient collaborators tailor one’s behaviours and contributions to suit others based on their 
interpretation of their understanding. Less proficient learners may require feedback from others or 
explicit requests before they modify their communication style or behaviour. Learners who do not 
have a good awareness of others may not take into consideration other learners’ comprehension 
of the task and this could lead to misunderstandings, issues in planning and execution, and may 
develop conflicts (Scoular & Care, 2020). Learners can benefit from the collaboration when other 
learners support to fill gaps in their knowledge or understanding. 
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6. Skill development levels

ACER’s perspective of skills in the application of knowledge centres on and emphasises the notion 
of growth. Skills can be defined from a growth perspective, can be improved through teaching and 
intervention, and can be measured.

Levels of skill development describe how growth in collaboration can be demonstrated, and how 
learners move from early, to more advanced application and understandings. The levels of skill 
development are not linked to specific years in schooling. Their intended use in assessment and 
pedagogy is underpinned by an understanding that learners of the same age and in the same year 
of school can be at very different points in their learning and development. When assessments 
provide information about where learners are in their understanding at the time of assessment, they 
also provide a basis for monitoring individual progress over time (Waters, 2018). Assessments of 
progress are an alternative to judging success only in terms of year-level standards.

While progress can be described in a general way – what a highly proficient collaborator 
demonstrates compared to a less proficient collaborator for example – the application of the 
skill is still dependent on the domain context. The level of application in one learning area will not 
necessarily transfer equally to another learning area.

The ACER skill development levels for each strand of collaboration are provided in Table 1. The 
levels of skill development support understanding of the skills and how they develop. They can also 
support educators to identify gaps in learning, where some learners may require further assistance. 
Learners at a low skill level often exhibit a passive approach to learning, relying heavily on external 
guidance and feedback high skill level. At a medium level they exhibit a more active approach to 
learning, taking greater responsibility for their progress and outcomes, while learners at a high skill 
level exhibit a proactive and reflective approach to learning, consistently striving for improvement 
and achieving high levels of learning success. To ensure an evidence-based approach, these levels 
are validated and corroborated through comparison with assessment data.
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Table 1  Levels of skill development for collaboration 

Skill 
level

Building shared 
understanding Collectively contributing Regulating the group

Aspect 1.1 
Communicates with the group 
Aspect 1.2  
Pools resources and 
information 
Aspect 1.3  
Negotiates roles and 
responsibilities

Aspect 2.1  
Participates in the group
Aspect 2.2  
Recognises contributions 
of others  
Aspect 2.3  
Engages with role and 
responsibilities

Aspect 3.1 
Ensures own contributions are 
constructive 
Aspect 3.2 
Resolves differences
Aspect 3.3 
Maintains shared understanding
Aspect 3.4 
Adapts behaviour and contributions 
for others

High Learners try alternative 
strategies to reach the end goal 
even during difficult situations or 
problems. (Aspect 2.1)
Learners monitor role 
engagement to ensure execution 
of a shared strategy/plan 
to reach the common goal. 
(Aspect 2.3)

Learners share information, 
knowledge and resources in order 
to make relevant contributions to 
group knowledge and outcomes. 
They ensure the quality and 
relevance of their own contributions, 
regulating how well they are 
contributing to the group. They 
regulate the collaborative space to 
ensure group cohesion and reflect 
on constructiveness of group 
contributions. (Aspect 3.1)
Learners resolve differences, 
explaining and justifying their 
understanding, leading to optimal 
collaboration. (Aspect 3.2)
Learners continuously monitor 
group progress, requesting regular 
updates from group members, and 
provides updates on their own 
progress and reflections on the 
process. Learners are adaptable 
and flexible, renegotiating roles or 
strategy, and acting to repair shared 
understanding where necessary. 
(Aspect 3.3)
Learners identify an appropriate 
behaviour and communication style 
and level of complexity relevant to 
their group members. (Aspect 3.4)

Medium–
High

Learners facilitate and 
maintain relevant and effective 
communication within the 
group throughout the task. 
(Aspect 1.1)
Learners pool and review/
explore all resources and 
information available to the 
group. (Aspect 1.2)
Learners negotiate roles that 
best match the expertise, 
information, or skills held by 
group members. Learners utilise 
role allocations to propose 
strategy/plan to meet the 
common goal. (Aspect 1.3)

Learners participate throughout 
the task, and see it through to 
the end goal or solution. They 
make multiple attempts at group 
tasks. (Aspect 2.1)
Learners take responsibility 
for the actions determined by 
their role and understand the 
role and benefit of others in the 
task. They encourage shared 
responsibility for the task. 
(Aspect 2.3)

Learners address conflicts by 
negotiating, debating, and arguing 
their views. (Aspect 3.2)
Learners provide updates on their 
own progress and the progress 
of the group when asked to do 
so. They make suggestions to 
renegotiate roles or strategies where 
appropriate and identify flaws in 
shared understanding. (Aspect 3.3)
Learners adapt their contributions 
for others and tailor their 
communication to suit other group 
member’s needs. (Aspect 3.4)
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Skill 
level

Building shared 
understanding Collectively contributing Regulating the group

Medium Learners ask for justification 
of responses or perspective 
provided. (Aspect 1.1) 

Learners acknowledge that 
others may have a different 
perspective, and that based 
on these perspectives’, others’ 
contributions may be beneficial 
to the group as a whole. They 
understand and incorporate the 
contributions of others into their 
own work. (Aspect 2.2)

Learners identify own strengths 
and weaknesses in relation to the 
progress of the group task as whole. 
(Aspect 3.1)
Learners make constructive but 
unsuccessful attempts to resolve 
differences. (Aspect 3.2)
Learners act to maintain shared 
understanding such as by reiterating 
or finalising goals, strategy, and 
roles in more complex tasks. 
(Aspect 3.3)
Learners require feedback 
from others or explicit requests 
before they modify or tailor their 
communication style or behaviour. 
(Aspect 3.4)

Low–
Medium

Learners ask questions or 
seek clarification from others. 
They will communicate about 
the related task and respond 
to contributions of others. 
(Aspect 1.1) 
Learners identify that they may 
not have all of the information 
required and pool some 
resources and information with 
others. (Aspect 1.2) 
Learners negotiate roles 
but without considering the 
expertise, information, or skills 
held by other group members. 
(Aspect 1.3)

Learners participate in all 
necessary tasks throughout the 
task. Learners maintain a single 
strategy throughout. Learners 
collaborate successfully to 
achieve a straight forward goal. 
(Aspect 2.1)
Learners understand that 
others may have an alternative 
perspective. They listen to and 
acknowledge the perspective of 
others. (Aspect 2.2)
Learners show a willingness 
and readiness to be involved 
in the group. They take 
responsibility for some of the 
actions determined by their role 
and provide  feedback on their 
individual tasks. (Aspect 2.3)

Learners reflect on quality and 
relevance of their own contributions. 
(Aspect 3.1) 
Learners discuss differences of 
opinion or perspective with others 
and give careful consideration of the 
views of others. They comment on 
differences but are often unable to 
resolve them. (Aspect 3.2) 
Learners act to maintain shared 
understanding through reiterating 
goals, strategy, and roles in basic 
tasks. (Aspect 3.3)

Low Learners’ communication 
is limited to responding to 
others’ requests or questions. 
(Aspect 1.1) 
Learners share their resources 
or information with others when 
asked. (Aspect 1.2)
Learners accept role and 
associated responsibilities 
provided to them. (Aspect 1.3)

Learners take action in the task 
but may not reach the end of the 
whole task. (Aspect 2.1)
Learners acknowledge the role 
of others in the task. (Aspect 2.2) 
Learners fulfil responsibilities 
associated with their role, such 
as following simple explicit  
instructions. (Aspect 2.3)

Learners can identify their own 
contributions. (Aspect 3.1) 



20Collaboration: Skill development framework. 2nd edition

7.	 References

Avouris, N., Dimitracopoulou, A., & Komis, V. 
(2003). On evaluation of collaborative 
problem solving: Methodological issues of 
interaction analysis. Journal of Computers in 
Human Behaviour, 19, 147–167. https://doi.
org/10.1016/S0747-5632(02)00056-0

Baghaei, N., Mitrovic, A., & Irwin, W. (2007). 
Supporting collaborative learning and 
problem-solving in a constraint-based 
CSCL environment for UML class diagrams. 
International Journal on Computer-Supported 
Collaborative Learning, 2(2), 159–190. 
https://doi.org/10.1007/s11412-007-9018-0

Barron, B. (2000). Achieving coordination 
in collaborative problem-solving groups. 
The Journal of the Learning Sciences, 
9(4), 403–436. https://doi.org/10.1207/
S15327809JLS0904_2

Care, E., Griffin, P., Scoular, C., Awwal, N., & 
Zoanetti, N. (2015). Collaborative problem 
solving tasks. In P. Griffin & E. Care (Eds.), 
Assessment and teaching of 21st century 
skills: Methods and approach (pp. 85–104). 
Springer. https://doi.org/10.1007/978-94-
017-9395-7_4

Clark, H. H., & Murphy, G. L. (1982). Audience 
design in meaning and reference. In J.-F. 
Le Ny & W. Kintsch (Eds.), Language and 
comprehension (pp. 287–299). North-
Holland Publishing https://doi.org/10.1016/
S0166-4115(09)60059-5

Crowston, K., Rubleske, J., & Howison, J. (2006). 
Coordination theory: A ten-year retrospective. 
In P. Zhang & D. Galletta (Eds.), Human-
computer interaction in management 
information systems (pp. 120–138). M. E. 
Sharpe.

Darling-Hammond, L. (2003). Learning from 
others: Learning in a social context. The 
Learning Classroom: Theory into Practice. 
https://www.learner.org/series/the-learning-
classroom-theory-into-practice/learning-
from-others-learning-in-a-social-context

Dehler Zufferey, J., Bodemer, D., Buder, 
J., & Hesse, F. W. (2011). Partner 
knowledge awareness in knowledge 
communication: Learning by adapting to 
the partner. The Journal of Experimental 
Education, 79(1), 102-125. https://doi.
org/10.1080/00220970903292991

Deutsch, M. (2003). Cooperation and conflict: 
A personal perspective on the history of 
the social psychological study of conflict 
resolution. In M. A. West, D. Tjosvold & K. 
G. Smith (Eds.), International handbook of 
organizational teamwork and cooperative 
working (pp. 124–167). John Wiley & Sons.

DiCerbo, K. E. (2014). Game-based assessment 
of persistence. Educational Technology and 
Society, 17(1), 17-28. https://www.jstor.org/
stable/jeductechsoci.17.1.17

Dillenbourg, P. (1999). What do you mean by 
‘collaborative learning’? In P. Dillenbourg 
(Ed.) Collaborative-learning: Cognitive and 
computational approaches (pp. 1–19). 
Elsevier. 

Flavell, J. H. (1976). Metacognitive aspects 
of problem-solving. In L. B. Resnick (Ed.), 
The nature of intelligence (pp. 168–198). 
Lawrence Erlbaum Associates.

Fussell, S. R., & Krauss, R. M. (1989). The 
effects of intended audience on message 
production and comprehension: Reference 
in a common ground framework. Journal 
of Experimental Social Psychology, 25(3), 
203–219. https://doi.org/10.1016/0022-
1031(89)90019-X

https://doi.org/10.1016/S0747-5632(02)00056-0
https://doi.org/10.1016/S0747-5632(02)00056-0
https://doi.org/10.1007/s11412-007-9018-0
https://doi.org/10.1207/S15327809JLS0904_2
https://doi.org/10.1207/S15327809JLS0904_2
https://doi.org/10.1007/978-94-017-9395-7_4
https://doi.org/10.1007/978-94-017-9395-7_4
https://doi.org/10.1016/S0166-4115(09)60059-5
https://doi.org/10.1016/S0166-4115(09)60059-5
https://www.learner.org/series/the-learning-classroom-theory-into-practice/learning-from-others-learning-in-a-social-context
https://www.learner.org/series/the-learning-classroom-theory-into-practice/learning-from-others-learning-in-a-social-context
https://www.learner.org/series/the-learning-classroom-theory-into-practice/learning-from-others-learning-in-a-social-context
https://doi.org/10.1080/00220970903292991
https://doi.org/10.1080/00220970903292991
https://www.jstor.org/stable/jeductechsoci.17.1.17
https://www.jstor.org/stable/jeductechsoci.17.1.17
https://doi.org/10.1016/0022-1031(89)90019-X
https://doi.org/10.1016/0022-1031(89)90019-X


21Collaboration: Skill development framework. 2nd edition

Glaser, B. (1992). Basics of grounded theory 
analysis. Sociology Press. 

Hesse, F., Care, E., Buder, J., Sassenberg, K., & 
Griffin, P. (2015). A framework for teachable 
collaborative problem-solving skills. In P. 
Griffin & E. Care (Eds.), Assessment and 
teaching of 21st century skills: Methods and 
approach (pp. 37–56). Springer. https://doi.
org/10.1007/978-94-017-9395-7_2

Hollenbeck, J. R., & Klein, H. J. (1987). Goal 
commitment and the goal-setting process: 
Problems, prospects, and proposals 
for future research. Journal of Applied 
Psychology, 72, 212–220. https://doi.
org/10.1037/0021-9010.72.2.212

Horton, W. S., & Gerrig, R. J. (2005). 
Conversational common ground and 
memory processes in language production. 
Discourse Processes, 40, 1–35. https://doi.
org/10.1207/s15326950dp4001_1

Horton, W. S., & Keysar, B. (1996). When do 
speakers take into account common 
ground? Cognition, 59(1), 91–117. https://doi.
org/10.1016/0010-0277(96)81418-1

Huber, V. L. (1985). Effects of task difficulty, 
goal setting, and strategy on performance 
of a heuristic task. Journal of Applied 
Psychology, 70(3), 492–504. https://doi.
org/10.1037/0021-9010.70.3.492

Husting, P. M. (1996). Leading work teams 
and improving performance. Nursing 
management, 27(9), 35-38. https://doi.
org/10.1097/00006247-199609000-00016

Jennings, N. R., & Mamdani, E. H. (1992). 
Using joint responsibility to coordinate 
collaborative problem-solving in dynamic 
environments. In Proceedings of the 10th 
Conference on Artificial Intelligence (pp. 269-
275).. http://eprints.soton.ac.uk/252131/1/
aaai92.pdf 

Johnson, D. W., & Johnson, R. T. (2003). Training 
for cooperative group work. In M. A. West, D. 
Tjosvold, & K. G. Smith (Eds.), International 
handbook of organisational teamwork and 
cooperative working (pp. 167–183). John 
Wiley & Sons. 

Jucks, R., Bromme, R., & Runde, A. (2007). 
Explaining with non-shared illustrations: 
How they constrain explanations. Learning 
and Instruction, 17, 204–218. https://doi.
org/10.1016/j.learninstruc.2007.01.006

King, F. J., Rohani, F., & Goodson, L. (1997). 
Statewide assessment of listening and verbal 
communication skills, information literacy 
skills, and problem-solving skills. Florida 
State University.

Kroll, B. M. (1984). Audience adaption in 
children’s persuasive letters. Written 
Communication, 1(4), 407–426. https://doi.
org/10.1177/0741088384001004002

Lai, E. R. (2011). Collaboration: A literature 
review. Pearson Assessments.

Larson, J. R., & Christensen, C. 
(1993). Collaborative medical 
decision making. Medical Decision 
Making, 13(4), 339-346. https://doi.
org/10.1177/0272989X9301300410

Loxley, A. (1997). Collaboration in health and 
welfare. Jessica Kingsley Publishers.

Manninen, T., & Korva, T. (2005). Designing 
puzzles for collaborative gaming experience 

– CASE: eScape [Conference paper]. In S. 
Castell & J. Jennifer (Eds.), Selected papers 
of the Digital Interactive Games Research 
Association’s 2nd International Conference 
(DiGRA 205) (pp. 233–247). Vancouver, 
Canada. https://dl.digra.org/index.php/dl/
article/view/192/192

Mickan, S., & Rodger, S. (2000). Characteristics 
of effective teams: A literature review. 
Australian Health Review, 23(3), 201–208. 
https://doi.org/10.1071/AH000201

https://doi.org/10.1007/978-94-017-9395-7_2
https://doi.org/10.1007/978-94-017-9395-7_2
https://doi.org/10.1037/0021-9010.72.2.212
https://doi.org/10.1037/0021-9010.72.2.212
https://doi.org/10.1207/s15326950dp4001_1
https://doi.org/10.1207/s15326950dp4001_1
https://doi.org/10.1016/0010-0277(96)81418-1
https://doi.org/10.1016/0010-0277(96)81418-1
https://doi.org/10.1037/0021-9010.70.3.492
https://doi.org/10.1037/0021-9010.70.3.492
https://doi.org/10.1097/00006247-199609000-00016
https://doi.org/10.1097/00006247-199609000-00016
http://eprints.soton.ac.uk/252131/1/aaai92.pdf
http://eprints.soton.ac.uk/252131/1/aaai92.pdf
https://doi.org/10.1016/j.learninstruc.2007.01.006
https://doi.org/10.1016/j.learninstruc.2007.01.006
https://doi.org/10.1177/0741088384001004002
https://doi.org/10.1177/0741088384001004002
https://doi.org/10.1177/0272989X9301300410
https://doi.org/10.1177/0272989X9301300410
https://dl.digra.org/index.php/dl/article/view/192/192
https://dl.digra.org/index.php/dl/article/view/192/192
https://doi.org/10.1071/AH000201


22Collaboration: Skill development framework. 2nd edition

O’Neil, H. F., Chuang, S., & Chung, G. K.  (2004). 
Issues in the computer-based assessment of 
collaborative problem-solving. Assessment 
in Education, 10(3), 361–373. https://doi.
org/10.1080/0969594032000148190

Ohland, M. W., Loughry, M. L., Woehr, D. J., 
Bullard, L. G., Felder, R. M., Finelli, C. J., 
Layton, R. A., Pomeranz, H. R., & Schmucker, 
D. G. (2012). The comprehensive 
assessment of team member effectiveness: 
Development of a behaviourally anchored 
rating scale for self- and peer evaluation. 
Academy of Management Learning and 
Education, 11(4), 111-124. https://doi.
org/10.5465/amle.2010.0177

Organisation for Economic Co-operation and 
Development. (OECD). (2017). PISA 2015 
collaborative problem-solving framework. 
In PISA 2015 assessment and analytical 
framework, (pp. 131-150). https://doi.
org/10.1787/9789264281820-8-en

Oser, F., Hascher, T., & Spychiger, M. (1999). 
Learning from errors: The psychology of 
negative knowledge. In W. Althof (Ed.), Error 
worlds: Making mistakes and learning from 
them (pp. 11-43). Leske & Budrich.

Piaget, J. (1983). Piaget’s theory. In P. Mussen 
(Ed.). Handbook of child psychology (4th ed.) 
(pp. 703-732).  Wiley.

Roschelle, J. (1992). Learning by collaborating: 
Convergent conceptual change. The Journal 
of the Learning Sciences, 2(3), 235–276. 
https://doi.org/10.1207/s15327809jls0203_1

Scardamalia, M. (2002). Collective cognitive 
responsibility for the advancement of 
knowledge. In B. Smith (Ed.), Liberal 
education in a knowledge society (pp. 76–
98). Open Court.

Scoular, C., & Care, E. (2020). Monitoring 
patterns of social and cognitive student 
behaviors in online collaborative problem 
solving assessments. Computers in 
Human Behavior, 104, 105874. https://doi.
org/10.1016/j.chb.2019.01.007

Singh-Gupta, V., & Troutt-Ervin, E. (1996). 
Preparing students for teamwork through 
collaborative writing and peer-review 
techniques. Teaching English in the Two 
Year College, 32(2), 127–136. https://doi.
org/10.58680/tetyc19965483

Soller, A. (2001). Supporting social interaction in 
an intelligent collaborative learning system. 
International Journal of Artificial Intelligence 
in Education, 12, 40–62. https://telearn.hal.
science/hal-00197321

Stevens, M. J., & Campion, M. A. (1994). The 
knowledge, skills and ability requirements 
for teamwork: Implications for human 
resources management. Journal of 
Management, 20(2), 502–528. https://doi.
org/10.1177/014920639402000210

Strange, R. L. (1988). Audience awareness: 
When and how does it develop? ERIC Digest 
Number 4. ERIC Clearinghouse on Reading 
and Communication Skills. https://eric.
ed.gov/?id=ED296347

Thompson, L. L., Wang, J., & Gunia, B. C. (2010). 
Negotiation. Annual Review of Psychology, 
61, 491–515. https://doi.org/10.1146/
annurev.psych.093008.100458

Trilling, B., & Fadel, C. (2009). 21st century skills: 
Learning for life in our times. John Wiley & 
Sons.

Underwood, J., & Underwood, G. (1999). Task 
effects on cooperative and collaborative 
learning with computers. In P. Light & K. 
Littleton (Eds.), Learning with computers: 
Analysing productive interaction (pp. 10–23). 
Routledge. 

Van Boxtel, C., Van der Linden, J., & Kanselaar, 
G. (2000). Collaborative learning tasks 
and the elaboration of conceptual 
knowledge. Learning and Instruction, 10(4), 
311-330. https://doi.org/10.1016/S0959-
4752(00)00002-5

https://doi.org/10.1080/0969594032000148190
https://doi.org/10.1080/0969594032000148190
https://doi.org/10.5465/amle.2010.0177
https://doi.org/10.5465/amle.2010.0177
https://doi.org/10.1787/9789264281820-8-en
https://doi.org/10.1787/9789264281820-8-en
https://psycnet.apa.org/doi/10.1207/s15327809jls0203_1
https://doi.org/10.1016/j.chb.2019.01.007
https://doi.org/10.1016/j.chb.2019.01.007
https://doi.org/10.58680/tetyc19965483
https://doi.org/10.58680/tetyc19965483
https://telearn.hal.science/hal-00197321
https://telearn.hal.science/hal-00197321
https://doi.org/10.1177/014920639402000210
https://doi.org/10.1177/014920639402000210
https://eric.ed.gov/?id=ED296347
https://eric.ed.gov/?id=ED296347
https://doi.org/10.1146/annurev.psych.093008.100458
https://doi.org/10.1146/annurev.psych.093008.100458
https://psycnet.apa.org/doi/10.1016/S0959-4752(00)00002-5
https://psycnet.apa.org/doi/10.1016/S0959-4752(00)00002-5


23Collaboration: Skill development framework. 2nd edition

van Knippenberg, D., De Dreu, C. K. W., & Homan, 
A. C. (2004). Work group diversity and 
group performance: An integrative model 
and research agenda. Journal of Applied 
Psychology, 89, 1008–1022. https://doi.
org/10.1037/0021-9010.89.6.1008

von Davier, A. A., & Halpin, P. F. (2013). 
Collaborative problem-solving and the 
assessment of cognitive skills: Psychometric 
considerations. ETS. https://doi.
org/10.1002/j.2333-8504.2013.tb02348.x

Vygotsky, L. S. (1986). Thought and language. 
The MIT Press.

Waters, C. (2018). Learning Progressions 
in ACER’s work. Australian Council for 
Educational Research. https://research.acer.
edu.au/monitoring_learning/34

Webb, N. M., Nemer, K. M., Chizhik, A. W., 
& Sugrue, B. (1998). Equity issues 
in collaborative group assessment: 
Group composition and performance. 
American Educational Research 
Journal, 35(4), 607–651. https://doi.
org/10.3102/00028312035004607

Wilczenski, F. L., Bontrager, T., Ventrone, P., & 
Correia, M. (2001). Observing collaborative 
problem-solving processes and outcomes. 
Psychology in the Schools, 38(3). https://doi.
org/10.1002/pits.1017

Williams, K., Harkins, S. G., & Latané, B. (1981). 
Identifiability as a deterrent to social loafing: 
Two cheering experiments. Journal of 
Personality and Social Psychology, 40(2), 
303–311. https://doi.org/10.1037/0022-
3514.40.2.303

Wittrock, M. C. (1989). Generative processes of 
comprehension. Educational Psychologist, 
24(4), 345–376. https://doi.org/10.1207/
s15326985ep2404_2

Zagal, J., & Rick, J. (2006). Collaborative 
games: Lessons learned from board games. 
Simulation & Gaming, 31(1), 24-40. https://
doi.org/10.1177/1046878105282279

Zhang, J. (1998). A distributed representation 
approach to group problem-solving. Journal 
of American Society of Information Science, 
49(9), 801–809.

Zhang, J., Scardamalia, M., Reeve, R., & 
Messina, R. (2009). Designs for collective 
cognitive responsibility in knowledge 
building communities. Journal of the 
Learning Sciences, 18(1), 7–44. https://doi.
org/10.1080/10508400802581676

https://doi.org/10.1037/0021-9010.89.6.1008
https://doi.org/10.1037/0021-9010.89.6.1008
https://doi.org/10.1002/j.2333-8504.2013.tb02348.x
https://doi.org/10.1002/j.2333-8504.2013.tb02348.x
https://research.acer.edu.au/monitoring_learning/34
https://research.acer.edu.au/monitoring_learning/34
https://doi.org/10.3102/00028312035004607
https://doi.org/10.3102/00028312035004607
https://doi.org/10.1002/pits.1017
https://doi.org/10.1002/pits.1017
https://doi.org/10.1037/0022-3514.40.2.303
https://doi.org/10.1037/0022-3514.40.2.303
https://doi.org/10.1207/s15326985ep2404_2
https://doi.org/10.1207/s15326985ep2404_2
https://doi.org/10.1177/1046878105282279
https://doi.org/10.1177/1046878105282279
https://doi.org/10.1080/10508400802581676
https://doi.org/10.1080/10508400802581676



