Journal of Learning Design
TECHNOLOGY SUPPORTED FACILITATION AND
ASSESSMENT OF SMALL GROUP COLLABORATIVE
INQUIRY LEARNING IN LARGE FIRST-YEAR CLASSES

Gwendolyn A. Lawrie
School of Chemistry and Molecular Biosciences
University of Queensland, Brisbane, Australia
g.lawrie@uq.edu.au

Lawrence R. Gahan
School of Chemistry and Molecular Biosciences
University of Queensland, Brisbane, Australia
gahan@uq.edu.au

Kelly E. Matthews
Institute for Teaching and Learning Innovation
University of Queensland, Brisbane, Australia
k.matthews1@uq.edu.au

Gabriela C. Weaver
Discovery Learning Research Centre
Purdue University, West Lafayette, U.S.A.
gweaver@purdue.edu

Chantal Bailey
School of Chemistry and Molecular Biosciences
University of Queensland, Brisbane, Australia
c.bailey2@uq.edu.au
Lydia J. Kavanagh
Faculty of Engineering, Architecture and Information
Technology
University of Queensland, Brisbane, Australia
l.kavanagh@uq.edu.au

Peter Adams
Faculty of Science
University of Queensland, Brisbane, Australia
p.adams@uq.edu.au
Phillip D. Long
Institute for Teaching and Learning Innovation
University of Queensland, Brisbane, Australia
longpd@uq.edu.au

Matthew Taylor
Centre for Biological Information Technology
University of Queensland, Brisbane, Australia
m.taylor@cbit.uq.edu.au
Abstract
Collaborative learning activities offer the potential to support mutual
knowledge construction and shared understanding amongst students.
Introducing collaborative tasks into large first-year undergraduate science
classes to create learning environments that foster student engagement and
enhance communication skills is appealing. However, implementing group
work in classes of over 1000 students presents challenges for instructors in
terms of task design, group management and assessment. Interdisciplinary
scenario-inquiry tasks have been designed for small group work in a large
science cohort, informed by literature and current pedagogical practices
relating to the integration of collaborative and active learning strategies.
Facilitation and assessment of these tasks was perceived as too complex and
time consuming for a single instructor to complete manually, so a web-based
task management technology was developed. Evaluation of the technology
supported collaborative group activities, including peer assessment, was
conducted through questionnaires, student interviews and analysis of the
artefacts of the learning process. The capabilities and limitations of the
technology, and the insights into group learning gained through its use are
presented. In general, students felt supported through the task. Evidence of
resource interdependence was found between students in functional groups.
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Introduction
When is large too large? First-year science students and instructors often find
themselves involved in classes with very large enrolments (>1000) that serve
multiple programs of study. Traditional learning and assessment environments
comprising lectures, tutorials and the laboratory are most commonly encountered
in first-year science units. Higher impact pedagogies (Kuh, 2008) such as
collaborative small group work can appear daunting to implement effectively in
large classes due to the scale.
Collaborative learning is a widely established pedagogical approach. It is based on
social interdependence theory (Johnson & Johnson, 2009; Slavin, 1990) whereby
students mutually construct knowledge and share their understanding. Reports on
the implementation of collaborative-learning pedagogies (Prince & Felder, 2006;
Smith, 2010; Smith, Sheppard, Johnson, & Johnson, 2005) endorse their benefits.
In fact, there has been a call to make collaborative learning the “core model of
pedagogy” in the university of the twenty first century (Tapscott & Williams,
2010, p. 26). The process of collaboration contributes to students’ gains in
transferable scientific argumentation skills (Sampson & Clark, 2009).
The benefits and learning outcomes of collaborative group learning have potential
to provide students with opportunity to achieve several of the threshold (or
minimum) level of achievements that can be expected of an Australian bachelor
level graduate in science according to the Australian Science Standards
Statements (Jones, Yates, & Kelder, 2011). In particular, independent
collaborative group work aligns with the following statements:
• TLO4 (Communication): Students will be effective communicators of
science by communicating scientific results, information, or arguments, to
a range of audiences, for a range of purposes and using a variety of modes
(4.1).
• TLO5 (Personal and professional responsibility): Students will be
accountable for their own learning and scientific work by being
independent and self-directed learners (5.1), and working effectively,
responsibly and safely in an individual or team context (5.2).
While collaborative learning is well established as an effective pedagogical
strategy, student perceptions of group work often influence their engagement in
this type of assessment task (Gillespie, Rosamond, & Thomas, 2006; Phipps,
Phipps, Kask, & Higgins, 2009). One of the most significant design challenges in
implementing collaborative group work is to achieve positive interdependence
between students within a group. The term collaborative learning is typically used
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to describe group work where the activities and learning may be divided between
group members but the group as a whole is accountable for the outcomes. This
description encompasses also cooperative learning (Smith et al., 2005).
Despite a significant body of literature that addresses strategies for individual and
collective evaluation of collaborative-task outputs, the assessment of student
learning outcomes from collaborative group work is not well formulated. Janssen,
Kirschner, Erkens, Kirschner, and Paas (2010) titled their article Making the Black
Box of Collaborative Learning Transparent, yet there has been little focus on
evidencing or measuring individual outcomes from group processes in the
literature. Assessment of collaborative learning outcomes generally relies
substantially on peer assessment to gain insight into group activities, allowing the
instructor to adjust individual marks. Strategies adopted to measure learning
outcomes in terms of communication and teamwork are prone to being influenced
by the social function of the group rather than the learning that an individual
student experiences.
Technology-mediated assessment of learning has been shown to support the
engagement of students in large classes in active learning environments (Kelly,
Baxter, & Anderson, 2010). It also offers opportunities to facilitate group
formation and management in collaborative learning tasks.
The process of learning design to incorporate small group work in large enrolment
classes began in this study based on a review of key cooperative and collaborative
learning research literature to identify common themes (Johnson & Johnson,
2009; Johnson, Johnson, Ortiz & Stanne, 1991; Johnson, Johnson & Smith, 1998;
Kagan, 1992; Slavin, 1990; Smith, 2010; Smith et al., 2005). Five core attributes
of constructive cooperative and collaborative learning environments were
identified from the literature as important elements to embed in the task design
and are listed in Table 1.
Table 1
Core attributes of cooperative and collaborative environments identified as
central to designing and implementing a group work activity
Attribute

Feature

Positive
interdependence

Each student values and perceives the individual contribution (resources
or intellectual) of team members as essential to the task outcomes.

Individual
accountability

Each student perceives that they are required to contribute to the
collaborative process. This may be related to a negative outcome if they
do not engage in the task.

Social interaction

Students establish group relationships based on respect for individuals
and their experience.

Group processing

A collectively shared understanding is developed in regard to how and
when members will communicate and contribute with each other.

Communication

Students establish effective communication processes.
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As part of this study, a technology tool was developed to support instructors in
managing very large (>1300 enrolled) first-year science cohorts through smallgroup collaborative tasks. The design of the tool attempted to introduce positive
interdependency by requiring each of the four students in a group to complete an
individual research activity to generate information required by the whole group
to create their collective product. These individual activities were constructed so
that the collective outcome would be of lower quality if one of the four sets of
information were missing. Once the collective group product was submitted, the
technology directed students through two peer assessment activities.
The effectiveness of these technology-scaffolded collaborative tasks including
peer assessment was explored in this study through a mixed-methods evaluation
approach including (a) pre/post questionnaires, (b) artefacts of the group
processes, and (c) student focus groups. Triangulation was achieved through
statistical analysis of quantitative data and analysis of qualitative data to identify
emerging themes.
Learning Design
In this design-based study, collaborative active-learning experiences were
formulated to foster the attributes listed in Table 1, by introducing small group
work in large first-year general chemistry classes. Placing students in a group
does not automatically guarantee that they will work productively together. Group
membership and communication can be the root of success or failure of group
work. Multiple studies exploring the factors influencing collaborative group work
recommend that the ideal group composition:
• is heterogeneous groups of four students (Johnson et al., 1998; Kagan,
1992);
• is of mixed academic ability (Felder & Brent, 2001; Kriflik & Mullin,
2007);
• has gender dispersed to minimise the number of same gender groups;, and,
• has a distribution of international students to both address hurdles related
to English being a second language and to improve student integration into
a new environment (Kavanagh & Crosthwaite, 2007).
The success of cooperative learning is underpinned by developing positive
interdependence between students, categorised as outcome, means and boundary
interdependence (Johnson & Johnson, 2009), defined as follows. Outcome
interdependence involves common goals and rewards which, when structured into
a task, result in gains in student learning outcomes (Buchs, Butera & Mugny,
2011; Johnson et al., 1991). Means interdependence, which includes resource,
role and task interdependence can be generated through activities where each
student has responsibility for one set of information in moving towards a shared
goal or product. Sharing complementary information has been found to have
significant influence on student outcomes, indicating that this situation should be
fostered in instructional design (Buchs et al., 2004; Johnson et al., 1991;
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Kirschner, Paas, & Kirschner, 2009a, 2009b). Boundary interdependence is based
in extrinsic factors including physical arrangement of students within learning the
environment and inter-group relationships (Johnson & Johnson, 2009). Of these
categories, means interdependence represents the most challenging to evidence in
terms of outcomes of task design and effective cooperative learning behaviours,
because students need to demonstrate both conceptual understanding and the
development of skills from working together.
The instructional design also aimed to encourage interdisciplinary thinking so
tasks were set in contemporary science contexts and dubbed interdisciplinary
scenario-inquiry tasks (IS-ITs) (Gahan et al., 2011; Lawrie et al., 2011). Students
worked in groups of four on one of the 27 different IS-ITs. Student investment in
both the process and outcomes of the task was enhanced by enabling them to
choose their preferred scenario and by providing the option for them to choose
their group membership. Interdependence between students was encouraged by
requiring that each student begin by working independently on gathering
information (designated as individual quests (IQs)) with the understanding that
this information would be required by the whole group to successfully write their
collective report. The IQs were made available to all group members, leading to
positive resource interdependence (Buchs et al., 2004). This individual component
was completed prior to embarking on the collaborative process that required
students to establish a consensus approach to structuring and writing their
collective report. The timeline and progression of students through the IS-ITs
during the course of a semester is shown in Figure 1.

Figure 1. Timeline representing the student and instructor activities that are
managed through the technology tool (iCAS)
As noted, development of a bespoke technology tool was central to managing the
tasks because of the large classes and this tool was named iCAS (Interactive
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Collaborative Assessment tool). iCAS is a web-based application developed under
the Microsoft NET Framework (to operate in windows) and using the C#
language Entity Framework and Language-Integrated Query (LINQ) within the
implementation. Authentication and user management used ASP.NET (active
server pages) membership and the institutional Lightweight Directory Access
Protocol (LDAP) so students and staff were able to use their institutional access
details. iCAS was structured to facilitate: scenario selection, group formation,
group-based collaborative domain for discussion, file sharing and report
submission, and individual peer-assessment domains as well as instructor
moderation and marking.
The students collaborated outside class contact time and iCAS provided a group
discussion forum to enable social interaction and communication between group
members as well as file upload links for the sharing of draft documents and IQs.
The principal support provided to students during the task was the provision of
supporting documentation and resources through the parallel course learning
management system (Blackboard). These included the task instructions including
anticipated learning outcomes, task expectations, an online module to provide
scaffolding for working in teams, a link to the iCAS website and peer-assessment
rubrics. Weekly announcements (through the course Blackboard site) reminded
students of the expectations in terms of at what stage their group should be and
who to contact if issues arose. There was no direct involvement of the instructor
in the task other than to facilitate a “drop-in” consultation session to remediate
any group issues that arose during the collaborative phase of the task. A summary
of Frequently Asked Questions arising from this session and from emails on
Blackboard was posted to the Blackboard site.
The final product of this task was a collectively written group report that
represented a unique response to an over-arching question (metaquestion), framed
by a contemporary scenario drawing upon an interdisciplinary context (Lawrie et
al., 2011). Each student within a group was awarded the same mark for the
group’s report, a form of reward or outcome interdependence because each
student was likely to feel accountable for their group’s final report mark (Buchs,
et al., 2011).
Assessment of an individual student’s learning as a result of a group process can
be obtained by testing their total knowledge before and then after the collaborative
activity (Weinberger, Stegmann & Fischer, 2007). This measurement is, however,
a blunt instrument that does not take account of group interactions, and is an
example of reward independence (Buchs et al., 2011). Measurement of which
student within a group facilitated shifts in understanding or how students
encouraged one another to learn is also not easily accessed, with peer assessment
offering one possibility. Our own early attempts to adopt peer assessment into our
inquiry-based collaborative tasks in large first-year classes established that
anxiety due to dependency on peers for summative assessment was significant
(Lawrie, Matthews & Gahan, 2010). Despite these challenges, peer review is still
attractive because it gives students feedback that instructors cannot provide, and
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enables them to reflect on their learning from collaborative tasks (Price,
O’Donovan & Rust, 2007). iCAS facilitated two forms of peer assessment: (i)
confidential evaluation of the contributions of their own team members; and (ii)
peer review of other group’s products within the same scenario to encourage
individual reflection (shared). Each group’s report received up to 16 sets of scores
that were averaged and awarded as a single mark after moderation by the
instructor.
Methodology
The participants in this study were first-year chemistry students (N=1359)
enrolled in a general chemistry course in a large public Australian university. The
students were enrolled in 40 separate programs of study including Science, Health
Science, Pharmacy and Engineering. Of the group, 54% were female, 81% were
in the age range between 17-19 years and while 81% identified their nationality as
Australian, there were 38 other nationalities represented. This study involved 346
groups of four students working on 27 different scenarios.
Guided by the LEPO (Learning Processes and Learning Outcomes) evaluation
framework (Phillips, McNaught & Kennedy, 2012), the learning environment,
process and outcomes were evaluated through a mixed-methods approach
including both quantitative data and qualitative perception data collected via an
online questionnaire (Likert scales) including open-response questions and also by
audio recordings of student focus groups. Digital artefacts of the task processes
that were available through iCAS included the timing of student processes,
information related to group composition, number and nature of interactions in the
collaborative domains, submitted files and peer assessment and review marks. The
institutional ethics committee for research involving human subjects approved
ethical clearance for this study (Application number 2009001480).
The questionnaire was delivered after the completion of the task but before the
unit grades had been released. Questionnaire data were filtered for consent and
completion resulting in 840 valid responses to the open questions. Two separate
focus groups (each with N=8) were conducted at the end of semester comprising
participants who volunteered in response to an invitation circulated to the whole
cohort. Audio transcripts of the focus group were analysed deductively according
to themes that arose from the open responses in the questionnaire.
Results and Discussion
Scaffolding small groups using technology

In this study, students were provided with the opportunity to self-select into
groups of four. For those who did not do this, iCAS enabled the instructor to
consider the demographics of group membership (program of study, nationality,
gender, age, academic ability) to optimally assign these students into groups
according to the recommended principles. Multiple students (99, 7.3%) either
requested assignment to a group by the instructor or did not voluntarily engage in
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the group sign-on process. These students were either assigned to pre-existing
groups of three or fewer to form a group of four or were placed together to form
new groups in scenarios that had not yet been fully subscribed. Thus, across the
cohort, there were 18 groups (N=346, 5.2%) that were formed entirely by
assignment of students by the instructor because they had not self-selected into a
scenario.
As the semester progressed, there was natural attrition as students withdrew their
enrolment for a range of reasons and new students enrolled in the course. iCAS
provided an easy interface through which the instructor managed group
membership. In addition, students within each group were able to note when a
student disappeared from their group and could adjust their activities accordingly
when a new member was assigned by the instructor.
It was anticipated that, because this task was completed outside course contact
time, students would opt to work asynchronously through the online discussion
forum provided for each group within iCAS. It was evident very early on during
the task that this forum was underutilised. During evaluation at the end of
semester, when asked how the group had communicated during the task, students
indicated that the majority preferred to work face-to-face (Figure 2). Apart from
the initial introductions to each other, students mainly used the iCAS discussion
forum to arrange meeting times for their groups.

Figure 2. Modes of communication that students reported their group had
adopted to facilitate collaboration
It has been noted previously that, for online collaborative learning environments,
students often require a face-to-face meeting before they can commence their
online interactions (Goodyear, Jones & Thompson, 2014). The outcomes of this
study support the proposition that students prefer face-to-face interactions in
collaborative learning activities.
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Many assumptions have been made regarding the information and communication
literacies possessed by the current generation of students (Jones & Hosein, 2010;
Kennedy, Judd, Churchward, Gray & Krause, 2008). Throughout this task, insight
was gained into the software skills that this diverse cohort of students possessed
including basic skills such as processing files between different formats. It was
found that of 1151 individual IQ files submitted to iCAS (no specified format was
required and not all students submitted files), 666 were docx (57.86%), 296 were
doc (25.72%), 131 were pdf (11.38%) and 58 document files (5.04%) had other
extensions (e.g., .rft .odt .htm .ppt ). As part of the task requirements, each group
of students was required to submit a pdf file of their final written report. Of the
346 final group report files that were submitted, 229 were pdf (66.18%), 66 were
docx (19.08%), and 51 were doc (14.74%) revealing a substantial lack of
compliance (n=117, 33.82%). These data indicate that students were either not
paying attention to the instructions or that the there was a misplaced assumption
that first-year students were able to generate pdf files. As a result of the need to
provide files for students to complete their peer assessment, the administrative
load on the instructor increased because it was necessary to convert submitted
documents to pdf format and to troubleshoot other access issues based on versions
of software.
Support required for collaborative group work

In the online questionnaire, students were asked to comment on whether they felt
adequately supported as they progressed through the task and to identify anything
that might have helped them work more effectively in their group. Their responses
were coded initially according to whether or not they felt adequately supported in
the task (positive/negative) and then categorised according to whether the support
was related to their peers, instructional resources or neither. Counts of citations by
individual students were made for each of these categories. A small number of
students cited both forms of support in a single comment.
Table 2
Student perceptions of support and nature of support they received or required
during the collaborative group task (N = 840, Questionnaire)
Adequately
supported?

Total
(%)

Peer Support

Instructional
Support

Both peer and
instructional support

Yes

579
(68.9%)

346

82

18

No

164
(19.5%)

71

85

1

Neither Yes/No

80
(9.52%)

46

16

No response
/Unrelated

17
(2.02%)

-

-
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The majority of students who perceived that they were adequately supported
throughout the task cited the support that they had received from their peer group
members and their contribution to the collaborative processes during the task
(Table 2). This indicates that positive group experiences stemmed from the
relationships and communication within the group, and represents social
interdependence (Smith et al., 2005).
Of the students who perceived that they had received inadequate support,
approximately half cited the instructional resources as being insufficient,
indicating a greater reliance on the instructor for guidance in the processes
compared with students who felt supported. The resources that they felt would
better support them included having the opportunity to be able to consult with a
tutor during the task for guidance. It became apparent to researchers that an
external factor existed during this study. This was an e-conference assessment
task that had been completed in a parallel biomedical science course by a large
number of enrolled students in which a tutor had been readily accessible for
consultation. Several students requested that an exemplar report should be made
available to provide them with a model for a high standard document. Exemplars
were not provided in this study because each of the 27 scenarios resulted in a
different document structure and composition. It was also believed that provision
of a model report might impact on the capacity of students to choose to take either
a positive or a negative stance in formulating a response to their metaquestion.
Finally, the proportion of students who felt inadequately supported in the task and
who cited the task instructions as inadequate was 52% compared to the 24% of
students who had felt adequately supported and cited the instructions provided.
Positive interdependency: social aspects, resources and rewards

A critical and desirable component of the instructional design was to promote
effective collaboration between students through the development of positive
interdependency between group members. The task was designed to foster
resource and transactional interdependence (Kirschner et al., 2009b) by requiring
students to negotiate with their group members to take responsibility for one of
four individual IQs that they completed prior to the collaborative phase of the
task. Each student was able to contribute information that could be considered by
the whole group as necessary to formulating a collective report in order to
introduce accountability in the collaborative process. Group discussion was
scaffolded to begin construction of the report using the dot-point stimulus
comments or questions provided within the IQs.
Substantial evidence of positive social interdependence arose through student
feedback in response to whether they had felt adequately supported (Tables 2 and
3), indicating that their positive experience had been strongly biased by positive
interactions with team members. The role of social interdependence as a critical
component for effective group work is further emphasised by feedback from
students who felt inadequately supported and those who cited lack of participation
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or low quality contributions from their group members. The absence of
interdependence was clearly evident in their comments.
Resource interdependence was introduced through the requirement for students to
submit their IQ. This was a key factor cited both in the questionnaire and the
student focus groups completed at the end of semester. Several students
recommended that the submission of IQs be a formal part of the assessment to
improve their group processes (Table 3). In 2011, in a subsequent iteration of the
task, the submission of IQ files attracted 5% of task marks and this increased the
number of submitted files in iCAS, facilitating group processing.
Table 3
Student comments from questionnaire and focus groups providing examples of
positive interdependency
Theme
The role of the shared individual
information files (IQs)
(resource/means
interdependence)

Support from group members
(social interdependence)

Perceptions of peer assessment
(reward/outcome

2014 Vol. 7 No. 2

Example of Evidence
• You need to prove why you're a good group member
and I think the IQ was the most definitive form of that
… I mean you can’t really justify giving someone a bad
mark if they've turned up to group meetings, done
everything well and given a solid IQ ... If someone’s
going to do a really poor job on it, it probably means
that their not actually going to make much of an effort
with the task
[Focus Group, B.Business/B.Science]
•

I think it would have been better if you said the
individual IQ’s weren't assessed BUT are required for
the final report since the marking criteria actually states
if they were effectively incorporated into the report.
Otherwise, the IQ’s won't be taken seriously and the
assignment still gets left to the last minute.
[Questionnaire, inadequate support, B.Engineering]

•

The group worked effectively along the way. Each
group member contributed equally and this was decided
before we had completed the assignment. Mutual
respect and consideration of other team members
allowed our team to work efficiently to meet deadlines
and progress with the task at a steady, unrushed pace
[Questionnaire, adequate support, B.Pharmacy]

•

We had one group member who was unreachable for the
most part and whose work was not up to standard …
would have worked better if we were not forced to work
with someone we didn’t know, and who failed to
considerably contribute. It would have been much easier
and less stressful to only have our original 3 members
from the beginning.
[Questionnaire, inadequate support, B.Pharmacy]

•

I’m assuming that people are in uni now so they’re
going to be more mature … Some people … can just
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interdependence)

knock everyone down to make them look better … I
have a friend and she was in my group and … She was
like, I’m just going to give everyone 100 you know
hoping that they’ll give me 100, like that.
[Focus Group 1, unspecified program]
•

It’s hard because you’re not always entirely sure that
everyone’s going to pull their weight and if you’ve done
most of the work and those people are getting the same
percentage mark as you, then, I don’t know, it feels
bad..
[Focus Group 2, unspecified program]

Negative interdependence is defined as competition between students (Smith et
al., 2005) and involves oppositional interactions. In very large cohorts, such as
that in this study, there will be students who do not engage constructively due to
negative perceptions of their colleagues’ achievements and abilities. One student
who had felt inadequately supported by their peers gave their reason as: “I am
trying to get a HD (high distinction) for the course and my fellow students for the
course had a GPA (grade point average) of 4 on average. One of them had even
failed (the course) last semester.”
Peer assessment was implemented in the instructional design to introduce
outcome interdependency. Using iCAS to facilitate the peer assessment process
gave the instructor insights into group function and allowed moderation of the
final mark where required. The average marks that students awarded in peer
assessment were analysed to determine the mean scores and standard deviation.
The outcomes (Table 4) revealed that the mean score for the internal peer
assessment (student’s own group members) in the course was higher than the
mean score for the external peer review (other group’s reports). Of interest was
the substantially lower standard deviation for the mean score awarded to peer
review of group reports.
Table 4
Peer assessment outcomes for the collaborative group work
Assessment
Component

Mean Score
(/100)

Standard
Deviation

Highest Score
(/100)

Lowest Score
(/100)

Internal Peer
Assessment

90.4

16.9

100

01

External Peer
Review

84.8

5.3

96.8

65.9

Final Task
83.9
16.2
98
Score
Note to Table 4.
1. Students who did not participate in the task were awarded 0/100.
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Students were provided with structured assessment criteria for both parts of the
peer assessment to guide their award of marks. It would be difficult for a student
using the criteria to assign a mark of less than 50% to a report unless it was of
very low quality and missing multiple components. It appeared that, while the
majority of students made a valid attempt to critically appraise the reports
submitted by other students, there were some students (evident in comments in the
questionnaire and focus groups) who adopted shallow or strategic approaches to
the peer assessment process by awarding full marks to their team members and
penalising reports that appeared better than their own (Table 3). The evidence was
inconclusive with regard to how successful the peer assessment was in terms of
introducing outcome interdependency, particularly in terms of the authenticity of
students’ engagement in the assessment process. A dimension that has not been
explored is whether first-year students are less likely to be highly critical of their
peers after their group has functioned reasonably well and they have experienced
social interdependence.
One of the capabilities of iCAS to manage peer assessment in large enrolment
courses was that the instructor was able to monitor and reduce the impact of a
spurious mark awarded by a single student. During the peer review process, each
group’s report received up to 16 separate marks; hence, one low mark would not
have a substantial impact on the final task mark. As part of moderation, the
instructor reviewed the marks that students awarded to their group members and
adjusted low marks that appeared to have been awarded due to group dysfunction.
It had been made explicit in the task instructions and course profile that
insufficient justification and discrimination for the award of 100% in peer
assessment would attract a penalty. Application of this hurdle in very large
enrolment classes would not be possible without the technology displaying the
data in an accessible and editable format.
Conclusion
The overall objective of the learning and instructional design was to introduce
effective small group collaborative learning in very large enrolment classes where
students worked in a self-directed environment. The utilisation of the bespoke
technology tool, iCAS, demonstrated the feasibility of providing a mechanism of
support for an instructor and provided appropriate scaffolding for processes that
typically involve a high administrative load when completed manually (group
membership and peer assessment/review). Affordances of the task design
promoted through the use of the technology tool included: (a) instructor insights
into student engagement, (b) management of student generated products
(information files and group reports) and (c) moderation. Students also felt
adequately supported, particularly in accessing information retrieved by
individual members of their group and this added the dimension of individual
accountability to the task. Limitations of the use of technology became evident
based on students’ own technology skills and subsequent remediation of student
access to submitted files.
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A second aim of the instructional design was to foster positive interdependency
between students within a collaborative group by introducing five core elements
(Table 1). Evidence of resource interdependent collaborative processes emerged
in student reflections and perceptions, particularly for highly functional groups. It
appeared that the attempt to introduce resource interdependence was more
effective than outcome interdependency, which was based in peer assessment and
review. Interdependency was not evident in dysfunctional groups but this cannot
be attributed as the cause of ineffective collaboration. Indeed absence of
interdependency is a key feature of ineffective group function (Smith et al., 2005),
derives from a lack of social interdependence and is evident in poor
communication between students and a lack of shared understanding of their
processes.
Through evaluation, evidence was found that this learning design fostered
teamwork, communication skills and negotiation between group members and, as
such, represented a viable assessment option to provides evidence of student
achievement related to Science Threshold Learning Outcome statements 4 and 5
(Jones et al., 2011). Additional outcomes of this learning design study were a
template for delivering small group collaborative tasks in very large STEM
classes, multiple instructional resources, an open source technology tool and
recommendations for practice.
Acknowledgements

Support for this project has been provided by the Australian Learning and
Teaching Council, an initiative of the Australian Government Department of
Education, Employment and Workplace Relations (CG9-1112: IS-IT learning?
Online interdisciplinary scenario-inquiry tasks for active learning in large, first
year STEM courses). The views expressed in this article do not necessarily reflect
the views of the Australian Learning and Teaching Council. The project team
acknowledges the substantial expertise and guidance in evaluation that was
provided by Professor Carmal McNaught and the contribution in both project
management and scenario design made by Rodney Cusack.
References
Buchs, C., Butera, F., & Mugny, G. (2004). Resource interdependence, student
interactions and performance in cooperative learning. Educational Psychology, 24(3),
291–314. doi: 10.1080/0144341042000211661
Buchs, C., Gilles, I., Dutrévis, M., & Butera, F. (2011). Pressure to cooperate: Is positive
reward interdependence really needed in cooperative learning? British Journal of
Educational Psychology, 81, 135-146. doi: 10.1348/000709910X504799
Felder, R., & Brent, R. (2001). Effective strategies for cooperative learning. Journal of
Cooperation & Collaboration In College Teaching, 10, 69–75.
Gahan, L., Lawrie, G., Matthews, K., Adams, P., Long, P., Kavanagh, L., & Weaver, G.
(2011). IS-IT Learning? Online interdisciplinary scenario-inquiry tasks for active
learning in large, first year STEM courses: Final report. Sydney, Australia:
Australian Learning and Teaching Council.

2014 Vol. 7 No. 2

133

Special Issue: Science Education

Journal of Learning Design
Lawrie et al.

Gillespie, D., Rosamond, S., & Thomas, E. (2006). Grouped Out? Undergraduates’
default strategies for participating in multiple small groups. Journal of General
Education. 55(2), 81-102. doi: 10.1353/jge.2006.0022
Goodyear, P., Jones, C., & Thompson, K. (2014). Computer-supported collaborative
learning: instructional approaches, group processes and educational designs. In J. M.
Spector, M. D. Merrill, J. Elen, & M. J. Bishop (Eds.), Handbook of Research on
Educational Communications and Technology (pp. 439 - 452). New York: Springer.
doi: 10.1007/978-1-4614-3185-5_35
Janssen, J., Kirschner, F., Erkens, G., Kirschner, P. A. & Paas, F. (2010). Making the
black box of collaborative learning transparent: Combining process-oriented and
cognitive load approaches. Educational Psychology Review, 22, 139-154. doi:
10.1007/s10648-010-9131-x
Johnson, D. W. & Johnson, R. T. (2009). An educational psychology success story: social
interdependence theory and cooperative learning. Educational Researcher, 38(5), 365379. doi: 10.3102/0013189X09339057
Johnson, D. W., Johnson, R. T., & Smith, K. A. (1998). Active learning: Cooperation in
the college classroom. Edina, MN: Interaction.
Johnson, D. W., Johnson, R. T., Ortiz, A. E., & Stanne, M. (1991). The impact of positive
goal and resource interdependence on achievement, interaction and attitudes. Journal
of General Psychology, 118(4), 341-347. doi: 10.1080/00221309.1991.9917795
Jones, C., & Hosein, A. (2010). Profiling students’ use of technology: Where is the net
generation divide? International Journal of Technology, Knowledge & Society, 6(3),
43-58.
Jones, S. M., Yates, B. F., & Kelder, J.-A. (2011). Science learning and teaching
academic standards statement. Strawberry Hills, Australia: Australian Learning and
Teaching Council. Retrieved from http://www.olt.gov.au/resource-learning-andteaching-academic-standards-science-2011
Kagan, S. (1992). Cooperative learning. San Juan Capistrano, CA: Resources for
teachers.
Kavanagh, L., & Crosthwaite, C. (2007). Triple objective mentoring: achieving learning
objectives with chemical engineering students. Institution of Chemical Engineers
Transactions D, 2, 68-79.
Kelly, D., Baxter, J. S., & Anderson, A. (2010). Engaging first year students through
online collaborative assessments. Journal of Computer Assisted Learning, 26(6), 535548. doi: 10.1111/j.1365-2729.2010.00361.x
Kennedy, G.E., Judd, T.S., Churchward, A., Gray, K., & Krause, K-L. (2008). First-year
students’ experiences with technology: Are they really digital natives? Australasian
Journal of Educational Technology, 24(1), 108-122. Retrieved from
http://www.ascilite.org.au/ajet/ajet24/kennedy.html
Kirschner, F., Paas, F. & Kirschner P.A. (2009a). A cognitive load approach to
collaborative learning: United brains for complex tasks. Educational Psychology
Review, 21(1), 31-42. doi: 10.1007/s10648-008-9095-2.
Kirschner, F., Paas, F. & Kirschner P.A. (2009b). Individual and group-based learning
from complex cognitive tasks: Effects on retention and transfer efficiency. Computers
in Human Behaviour, 25, 306-314.

2014 Vol. 7 No. 2

134

Special Issue: Science Education

Journal of Learning Design
Lawrie et al.

Kriflik, L., & Mullan, J. (2007). Strategies to improve student reaction to group work.
Journal of University Teaching & Learning Practice, 4(1), 13–27.
Kuh, G. (2008). High-impact educational practices: What they are, who has access to
them, and why they matter. Washington, DC: American Association of Colleges and
Universities.
Lawrie, G., Gahan, L., Matthews, K., Adams, P., Kavanagh, L., Long, P., Weaver, G. &
Cusack, R. (2011). Handbook of scenario resources for inquiry learning in STEM: ISIT Learning? Online interdisciplinary scenario-inquiry tasks for active learning in
large first year STEM courses. Surry Hills, Australia: Australian Learning and
Teaching Council (ALTC).
Lawrie, G. A., Matthews, K. E., & Gahan, L. R. (2010). Forming groups to foster
collaborative learning in large enrolment courses. In 16th UniServe Science
Conference: Creating ACTIVE minds in our Science and Mathematics students (pp.
66-71). Sydney, Australia: Sydney University. Retrieved from http://ojsprod.library.usyd.edu.au/index.php/IISME/article/view/4672/5472
Phillips, R., McNaught, C., & Kennedy, G. (2012). Evaluating e-learning: Guiding
research and practice. New York: Routledge.
Phipps, M., Phipps, C., Kask, S. & Higgins, S. (2001). University students’ perceptions of
cooperative learing: implications for administrators and instructors. Journal of
Experiential Education, 24(1), 14-21.
Price, M., O'Donovan, B., & Rust, C. (2007). Putting a social constructivist assessment
process model into practice: Building the feedback loop into the assessment process
through peer feedback. Innovations in Teaching and Education International, 44, 143152.
Prince, M., & Felder, R. (2006). Inductive teaching and learning methods: Definitions,
comparisons and research bases. Journal of Engineering Education, 95(2), 123-138.
Sampson, V., & Clark, D. (2009). The impact of collaboration on the outcomes of
scientific argumentation. Science Education, 93(1), 448-484. doi: 10.1002/sce.20306
Slavin, R. (1990). Cooperative learning: Theory research and practice. Englewood
Cliffs, NJ: Prentice Hall.
Smith, K. A., Sheppard, S. D., Johnson, D. W., & Johnson, R. T. (2005). Pedagogies of
engagement: Classroom-based practices. Journal of Engineering Education, 94(1), 87101.
Smith, K. A. (2010). Social basis of learning: From small-group learning to learning
communities. New Directions for Teaching & Learning, 123, 11-22. doi:
10.1002/tl.405
Tapscott, D., & Williams, A. D. (2010). Innovating the 21st-Century university: It’s time!
EDUCAUSE Review, 45(1), 16-29. Retrieved from
http://net.educause.edu/ir/library/pdf/ERM1010.pdf
Weinberger, A., Stegmann, K., & Fischer, F. (2007). Knowledge convergence in
collaborative learning: Concepts and assessment. Learning and Instruction, 17(4),
416-426. doi: 10.1016/j.learninstruc.2007.03.007
Copyright © 2014 Gwendolyn A. Lawrie, Lawrence R. Gahan, Kelly E. Matthews,
Gabriela C. Weaver, Chantal Bailey, Peter Adams, Lydia J. Kavanagh, Phillip D. Long,
and Matthew Taylor

2014 Vol. 7 No. 2

135

Special Issue: Science Education

