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Abstract
The nature of skills such as collaboration is complex, particularly given that there are internal
processes at play. Inferences need to be made to interpret explicit behaviours observed from
intentionally designed assessment tasks. This paper centres on the approach to develop hypotheses
of skill development into validated learning progressions using assessment data. Understanding a
skill from a growth perspective is essential for the effective teaching and development of the skill.
The application of Item Response Theory (IRT) allows the interpretation of assessment data as
levels of proficiency that we can use to map or monitor progress in collaborative skills.

Collaboration as an important skill for learning
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 education and work environments (Singh-Gupta & TrouttErvin, 1996). As a result, educational research on collaboration has been in abundance in recent
years (Griffin & Care, 2015; Organisation for Economic Co-operation and Development [OECD],
2017 Scoular & Care, 2019; von Davier & Halpin, 2013). The OECD’s decision to assess collaborative
problem-solving (CPS) in the Programme for International Student Assessment (PISA) in 2015 has
been a major driver in highlighting the importance of understanding and measuring this skill.
Collaboration has been shown to enhance cognitive development (Webb, 1989; Zhang, 1998) and
has been demonstrated to have advantages in encouraging 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). 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,
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which leads to a greater conceptual understanding and more effective task management (DarlingHammond, 2003).
There is research to suggest 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 usually improve their comprehension through discussion with
others, elaborating, and negotiating with others to reach shared understanding (Van Boxtel et al.,
2000). Collaborative actions, 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 solve or
complete and, therefore, allow them to move towards higher levels of proficiency (King et al., 1997).
Social interactions while working through complex tasks can provide additional ideas and shared
meaning that an individual would not achieve without communicating with others (OECD, 2013).
In education systems around the world, teachers are being tasked with monitoring and improving
students’ collaboration skills (Scoular et al., 2020). One of the major challenges in that endeavour
is identifying exactly what collaboration looks like in the classroom and how proficiency in it can
be described. Beyond identifying the importance of collaboration, there is little guidance on where,
when, and how to develop, teach and train such skills. This is partly due to a lack of understanding
of the nature of the skills, including how it develops and changes over time, and which aspects are
fundamental building blocks.
One challenge in measuring skills such as collaboration is that they are complex, particularly given
there are internal processes at play. Evidence of ability in such skills is likely to be covert, not directly
observable and, therefore, inferences about student ability need to be drawn from demonstrated
behaviours observed from intentionally designed assessment tasks. Education systems frequently
emphasise summative assessments that centre on overall score points. These serve a purpose
but typically do not contribute to individual learning or development of growth in skills. Measuring
an innovative domain requires innovative measures. Assessments of progress are an alternative to
judging success only in terms of year-level standards. Identifying specifically what a learner needs to
know or be able to do can better inform how instructional support can be adapted to support people
to progress towards their goals. In other words, the focus should be on learning progressions, rather
than just on the scores.

Moving from conceptualisation to assessment data
The definition of collaboration is much more complex than simply working with others. The
literature has shifted from a simple definition of collaboration as 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. While 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 activities independently (von
Davier & Halpin, 2013). Collaboration is interdependent. There is shared responsibility and an active
division of labour. Although there are different definitions of collaboration presented in the literature,
similar components can be identified in each (Hesse et al., 2015; OECD, 2017). For example, due to
the nature of collaboration, the participation of each learner and their level of engagement with an
activity directly impacts on the effectiveness of the collaborative group as a whole.
The definition of a skill has implications for assessment task design, and good measurement
practice indicates that a clear definition of the domain the assessment is measuring should be
identified before task design begins (Scoular et al., 2017). As a means to support teachers in
understanding the skill in a detailed way, the Australian Council for Educational Research (ACER)
produced a skill development framework for collaboration (Scoular et al., 2020). The purpose of
the ACER framework is to establish a common terminology for describing collaboration, taking into
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consideration existing assessments of collaboration, and providing a structure that is suited for the
ongoing assessment and teaching of collaboration. The framework breaks collaboration down into
strands that are then further elaborated as aspects (see Figure 1). Within this collaboration definition,
there is specification of three strands: building shared understanding, collectively contributing, and
regulating, and within each strand there are associated aspects.
The framework also includes skill development levels that outline how growth in a particular
aspect can be demonstrated, and how learners move from early to more advanced application and
understandings. These levels support efforts to measure attainment and monitor learner growth
over time, and are 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. For this reason,
the levels are deliberately not linked to years of schooling. The levels were initially hypothesised,
using literature, research and expert judgement to build an understanding. To ensure an evidencebased approach, data from a number of assessments were then compared and contrasted to the
hypothesised levels. Data were drawn from a number of sources, including ACER assessments and
the PISA-CPS 2015 assessment data. The remainder of this paper will demonstrate an example of
the approach taken.
Figure 1

Collaboration definitional framework

Source: Scoular et al (2020)
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Wright map
Item Response Theory (IRT) is a psychometric analysis often applied to assessments to examine
item quality and identify student ability. One particular IRT output, the Wright map (Wilson &
Draney, 2002), is helpful for visualising the interaction between different items, and their estimated
difficulties, in relation to student ability. The Wright map places coded responses to items and
learner estimates onto a single scale, using logits as the scaling unit (an arbitrary unit used to
enable location of the two variables on the same metric). It presents the items in increasing order of
sophistication in relation to learner ability and can be viewed as two vertical histograms.
An example Wright map for a collaboration assessment included in our validation process is
presented in Figure 2. The left side of the figure displays the distribution of learner ability as a
histogram and the right side of the figure displays the distribution of the item difficulties. Items 32.2,
38.2 and 50.2 are at the top of the map indicating they are the most difficult. Items 11.1, 12, 19.1
and 40 are at the bottom of the map indicating they were the easiest. The learner ability distribution
extends slightly lower than these items so it is difficult to discriminate between those learners at this
very low level, although there are only a few of them.
Figure 2

Wright map for a collaboration assessment

Moving from assessment data to understanding skill
development
The Wright map gives a numerical scale of increasing proficiency or ability in the domain, and it
supports a qualitative understanding of different parts of that scale by looking at the differently
coded responses to the items, or statements about the substance of differently coded responses to
items, that are ranged along the scale. When a learner’s ability is estimated, the probability of item
response success can be identified by referencing the corresponding learner and item locations on
the Wright map. This unidimensionality, and the relative locations of items and learners along its
continuum, provides crucial information in understanding the skill and its structure. That is, the data
presented by the Wright map allow us to understand the domain as a continuum.
As presented in Figure 3, for example, the location of the coded responses to the items and what
aspects they are mapped to can tell us a great deal about proficiency in collaboration. Item 11
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is mapped to Aspect 1.1 ‘communicates with others’ in the collaboration framework. A coded
response of 1 on this item (denoted 11.1) is specifically the behaviour ‘responding to questions from
others’ and is considered within the ACER framework to be a behaviour associated with relatively
low proficiency in collaboration. This item is quite far down the Wright map suggesting that it was
a fairly easy item, and that corroborates our assumption. By comparison, a coded response of 2
(denoted 11.2) is a behaviour associated with relatively higher proficiency within this aspect, ‘initiates
communication with others’, and it is much higher up the Wright map suggesting it is indeed a more
difficult item. This suggests that there are different levels of proficiency within aspects; for example,
less proficient learners would only communicate with others when they are responding to questions,
whereas more proficient learners would initiate communication with and between group members.
Similarly, difference levels of proficiency can be interpreted from item 14, which is mapped to Aspect
3.2 ‘resolves differences’. A lower score on this item (denoted 14.1) is in the lower half of the Wright
map and is measuring learners attempting but failing negotiations. By comparison, a higher score
on this item (denoted 14.2) is one of the most difficult items at the top of the Wright map and is
measuring ‘resolves conflicts’. These item locations suggest that less proficient learners attempt to
negotiate with others but often cannot resolve differences, in contrast to highly proficient learners
who can resolve differences.
Figure 3

Interpreting specific items’ difficulty in the Wright map

The Wright map presented in this paper allows interpretation of the ordering of the items as a
progression of collaborative skill. The positioning of items on that continuum can be interpreted to
better understand the domain at different levels of proficiency. This allows meaningful information
about what learners can and cannot do given their ability estimates to be relayed back to educators,
and to learners themselves. As the item examples in this paper relate to behaviours, it can provide
educators with real-time data regarding the social and cognitive behaviours their learners are
demonstrating. This level of information extends beyond that gathered and interpreted through static
tasks or multiple-choice tests. If the expectation of educators is to teach skills such as collaboration,
then detailed data about what their learners can demonstrate is imperative and can complement
the evidence already being gathered. Having knowledge of the behaviours expected at higher levels
of ability can help educators to develop and implement instructional activities that are targeted to
learner needs.
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It is also possible to interpret the Wright map as levels of proficiency by interpreting groups of items
where they appeared to cluster at similar levels on the scale. Figure 4 identifies cut off points on the
scale where natural breaks appear between clusters of items that have similar item difficulty levels.
These lines indicate where a discernible change in item difficulty was associated with a change in
the kind of skill (or ability) required to demonstrate the associated behaviours. These cut scores and
clusters of indicators enable an interpretation of the scale as a developmental progression (Griffin,
2007).
Figure 4

Interpreting proficiency from the Wright map

Interpretation of the items and where they are clustered on the map can lead to the production of
text descriptions of what is occurring at each level. The descriptions can be interpreted as level
of progress in collaboration from novices (A) to experts (E). For example, novices would work
independently, unaware of the benefit of engaging with peers, and thus would not be likely to
solve a problem collaboratively. As learners increase in proficiency, they engage more with others
and gradually realise the benefit of collaboration. Expert collaborators depend upon their peers,
develop a mutual understanding of problems or tasks, and work strategically through them together.
Negotiation is a critical component of collaboration, but only proficient learners can harness
conflicts towards a positive outcome.

A broader sense of the skill
It is important to note that the skill just discussed is interpreted through the lens of a single
assessment. It is likely that not every item in a cluster will tell the same conceptual story as the
others. While the item may fit statistically, it can be omitted from this part of the interpretation
on conceptual grounds. Similarly, no single assessment is expected to measure the entirety of
a domain. For example, the assessment example used in this paper did not measure Aspect 3.4
‘adapts behaviours and contributions for others’ or Aspect 1.3 ‘negotiates roles and responsibilities’.
Therefore, interpreting a single assessment in terms of proficiency levels will likely present gaps in
the representation of the skill as a whole.
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In order to get a broader sense of a skill, learning progressions can be developed by drawing on
response data from multiple assessments and expert judgement. Learning progressions are not
the same as, or extensions of, learning standards; rather, they focus explicitly on the building blocks
learners need to master before they can achieve complex skill forms. 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. However, it is important to note that
learning progressions are not intended to describe a single pathway to achieving proficiency in a skill
that it is assumed all learners will follow. Instead, a learning progression describes a typical pathway
that provides a good starting point for deeper interrogation of learners’ unique pathways.
Table 1 presents an excerpt from the ACER skill development levels for the three strands of
collaboration. This representation of learning progress for collaboration has been developed and
validated using data from multiple assessments, including the Wright map presented in this paper
(Scoular et al., 2020). The levels are intended to support understanding of the skills and the ways in
which they develop. They can also support teachers to identify gaps in a learning area, where some
learners may require further assistance in order to move learning forward along this path.
Table 1

Excerpt from collaboration learning progression

Skill level

Building shared
understanding

Collectively contributing

Regulating

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 their own
strengths and weaknesses
in relation to the progress of
the group task as a whole.
(Aspect 3.1)

Learners make constructive
but unsuccessful attempts to
resolve differences. (Aspect 3.2)

Learners act to maintain shared
understandings, such as by
reiterating and 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–mid

Learners ask questions
or for 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 help by other
group members.
(Aspect 1.3)

Learners participate in all
necessary tasks throughout
the tasks. Learners maintain
a single strategy throughout.
Learners collaborate
successfully to achieve
a straightforward 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 task. (Aspect 2.3)

Learners reflect on the 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)

Source: (from Scoular et al., 2020)
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Conclusion
It is increasingly apparent that our understanding of complex skills needs to be enhanced in order
to meet the demand of 21st-century education (Griffin & Care, 2015; OECD, 2017, Scoular & Care,
2019; von Davier & Halpin, 2013). Complex skills such as collaboration can be difficult to teach and
learn, but the approach presented in this paper demonstrates that robust measurements can be
developed that provide insight into how these skills can be demonstrated. Further, assessment
data can actually provide more information and improve understanding of such complex skills. The
ACER skill development framework for collaboration sets out behaviours and processes that can be
associated with aspects of collaboration, and assessment data provide validation of this. No single
assessment can paint the larger picture, but each individual assessment of collaboration can provide
a piece of the puzzle in understanding this complex skill. Interpretations of the data visualisations
such as the Wright maps can indicate how different proficiencies of collaboration might be
demonstrated. Assessment of such skills, particularly in relation to growth, can shed light on how
to appropriately situate teaching interventions and to identify learning in an innovative domain.
The work ahead is iterative. Our understanding of 21st-century skills needs to be documented
so that tasks can be designed appropriately to match this understanding. The more we develop
robust assessments of 21st-century skills, the more we can corroborate, validate, and evolve that
understanding. If we are to continue to value these skills in the 21st century and beyond, efforts
in understanding how they develop and what different levels of proficiency look like will need to
be applied.
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