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Abstract 

The article introduces Tertiary Learning Advisors (TLAs) in Aotearoa to several 

supportive strategies designed to engage students conducting collaborative group 

work online in large Science, Technology, Engineering and Mathematics (STEM) 

courses. The catalyst for this initiative was a learning design response to a largely 

amotivated and demotivated stage two STEM course cohort at the University of 

Auckland. Amotivation is a learner’s realisation that either their current learning 

trajectory is too difficult or pointless, and demotivation is a specific trigger leading to 

amotivation (Dörnyei & Ushioda, 2011). The resulting intervention provided teaching 

staff with a robust methodology designed to re-engage students in this course. 

Understanding the challenges these students then experienced can enable TLAs in 

Aotearoa to more empathetically support students who are challenged by working 

collaboratively in large online STEM courses.  
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Science, Technology, Engineering and Mathematics (STEM) education refers to the 

provision of opportunities for students to become self-confident, inventive, innovative, 

logically thinking, technologically literate problem solvers (Hasanah, 2020; Morrison, 2006). 

This is in response to an increasingly competitive global market defined by the need to 

guarantee and maintain adequate energy and productivity (Boe et al., 2011; Kelley & 

Knowles, 2016). Kubat and Guray (2018) believe the four STEM disciplines should be taught 

holistically as an undistinguished collective, whereas Hobbs et al. (2018) revealed various 
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models of STEM implementation based on each discipline. When viewed as instruction, 

STEM education can be considered as a natural connection among STEM disciplines to 

further student understanding in each of them. This is achieved by broadening students’ 

exposure to socially relevant contexts (Hasanah, 2020). Therefore, making STEM disciplines 

and career pathways more accessible and interesting for students (Wang et al., 2011) requires 

transforming related learning. McDonald (2016) summarised such requisite pedagogical 

adjustments as including inquiry, argumentation and reasoning, digital learning, computer 

programming and robotics, cooperative learning, assessment, and 21st century skills relevant 

in everyday life with potential for career development (Maarouf, 2019; Pawilen & Yuzon, 

2019).  

My first experience teaching STEM courses was to engineering cohorts at the 

University of Ulsan in South Korea. There, first year students had to complete a compulsory 

year-long course in English. In my seven years teaching such cohorts at that institution, I 

taught up to nine classes. Typically, seven were engineering majors. While students in those 

classes were invariably highly motivated, many struggled with collaborative group work 

assessments, which invariably occur in STEM course curricula. Their favouring of 

conducting tasks independently was due to cultural imperatives, particularly fear of loss of 

face or being seen to be openly engaged in disagreement with other group members. If these 

individuals were older, this could be perceived as challenging them, and this is unacceptable 

in Confucianism, which is the philosophy at the core of Korean culture (Jenks, 2017; Park, 

2009). Related challenges included establishing an effective group hierarchy and associated 

roles with clear boundaries and expectations, and how to systematically execute given tasks. 

This may have been due to a lack of confidence and/or experience with how to present, 

defend, advocate, and respond to feedback (Bishnoi, 2017; Robinson, 2013). 

These experiences would be called upon to inform my work as a member of the   

newly formed learning and teaching design team at the University of Auckland (UoA) in 

early 2020. As part of a re-structure, I was moved from my previous role as a learning and 

teaching development advisor, a position I had held since joining the UoA in 2019. The 

learning and teaching team’s remit was to design courses and provide support to academics. 

Three members of this team, including myself, were allocated to a project tasked with 

providing a responsive methodology for a large STEM course which had received negative 

student feedback. Working collaboratively with faculty, the intent of the response was to 

empower it with a remedial learning and teaching methodology to initially replace twenty per 
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cent of the course. The online collaborative learning literature which largely informed this 

project will now be introduced.  

 

Literature Review 

The Advantages of Collaborative Learning 

There are many advantages of collaborative learning. Learning is influenced by 

interpersonal relations, social interactions, and communication with others, and learners need 

opportunities for positive interactive and collaborative tasks (Darnon et al., 2007). Research 

suggests that collaborative learning promotes critical thinking, which in turn promotes the 

retention of information by students for longer (Johnson & Johnson, 1986). It also promotes 

engagement in discussion, critical thinking, and the taking of responsibility for one’s own 

learning (Toten et al., 1991). In online contexts, such collaboration promotes sustained task 

orientation and advanced knowledge construction (Schellens & Valcke, 2005). Other related 

advantages potentially include learners benefiting from exposure to diverse viewpoints from 

individuals with varied backgrounds, being challenged to actively engage with peers, and 

synthesising resulting new information into a framework of new knowledge over memorising 

it. Each viewpoint directly challenges learners to listen to differing views and to defend their 

own (Bishnoi, 2017).  

 

Collaborative Learning in an Integrated STEM Learning Environment 

An environment that is arguably conducive to collaborative learning is the integrated 

STEM learning one due to the learning of multiple disciplines. An integrated STEM learning 

environment can take place inside a programme through hands-on problem solving, which 

stimulates students to become more innovative and creative as disciplinary boundaries are 

broken down (Moore & Smith, 2014). Students have to apply multidisciplinary knowledge to 

solve real-world problems. By necessity, this creates conflict and disagreement, leading to 

reflection and adaptation (Robinson, 2013).  
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The Role of Technology in Facilitating Collaborative Learning in a STEM Environment 

Given that STEM courses are invariably large, Yang and Baldwin (2020) advocate 

using technology to enhance the learning experience by providing authentic learning 

contexts, offering web-based inquiry environments, expanding learning through immersive 

and interactive technology, and transforming students from being consumers into creators 

(Salzman, 2013). Opportunities to support student learning in integrated STEM learning 

environments have greatly increased due to advancements in educational technology. By 

using immersive or interactive technologies, such as simulations, to facilitate learning 

multiple subjects simultaneously, remote subject content experts are brought into the 

classroom. They offset potential shortfalls in instructors’ expertise in STEM subjects. They 

also accelerate student engagement and motivation through expanded experiences. They act 

as a supplementary resource and support collaboration and communication by facilitating 

active learning as technology provides a forum for discussions and writing (Mioduser et al., 

2017).  

Augmented and virtual reality technologies may increase students’ feelings of 

immersion, thereby increasing their levels of understanding of STEM subjects (Restivo et al., 

2014). This increases students’ motivation as opportunities for authentic learning engagement 

can be derived from its use (Hsu et al., 2017). Technology is a means for students to acquire 

the skills of its use and to become engaged in related subject content (Yang & Baldwin, 

2020). A core component of an integrated STEM learning environment is that it demands 

innovative practices including collaboration among instructors, subject experts, and students 

working together to solve real-world problems (Nag et al., 2013). Such an authentic approach 

promotes deeper understanding among students; however, implicit in this methodology is that 

the acquisition of the required skills takes time and patience, and perseverance may be 

challenging for students used to instant gratification (Demski, 2009).  

Technology-enabled learning can alleviate some of the challenges associated with 

collaborative learning in an integrated STEM learning environment. Technology-enabled 

learning can help students to solve problems while learning about related concepts (e.g., 

sustainability). This can be used to integrate learning and use, and it can enable students to 

focus their attention and working memory on specific variables. In so doing, more robust 

learning can be facilitated and potential cognitive overload can be mitigated. Creating content 

with technology also allows learners to display projects, role-play, and engage in design 

challenges (Grubbs, 2013).  
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Challenges Associated with Online Collaborative Learning in a STEM Environment 

Nevertheless, not all learners feel comfortable participating in a group setting online. 

Additionally, the cognitively taxing nature of trying to learn and apply multiple subject 

content simultaneously during problem solving may challenge students face-to-face or online 

(Lamb et al., 2017). Research comparing digital to traditional classroom instruction has yet to 

support a consistent advantage for online learning (Cheung et al, 2023). Importantly, for all 

that technology promises, it also harbours pitfalls if used in ways that do not align with what 

is understood about how humans learn (McKnight et al., 2016). In summary, while the 

conceptual view maintains that collaborative group work develops critical thinking and is a 

highly relevant soft skill that employers value, some students view it with hostility and/or 

apathy (Robinson, 2013). Indeed, some students see group work as emotionally and 

intellectually taxing (Burdett, 2003). 

 

Differences Between Co-Operative and Collaborative Group Work Approaches 

Why might some students feel this way? The answer may partly lie in the difference 

between co-operative and collaborative learning approaches. In co-operative learning 

environments, there is a division of labour between group members (Zhou & Colomer, 2024). 

This ensures each group participant is responsible for a particular aspect of the problem-

solving exercise. In collaborative learning, however, the participants mutually engage in a 

coordinated attempt to solve the problem. In a collaborative group task, each member of the 

group needs to be interdependent to complete it. This can be particularly challenging for 

students who are only used to isolated learning, in which they compete with others and prefer 

passive rather than active learning. Some learners may prefer receiving instruction from an 

expert over those they perceive to be lacking in knowledge, and they may find themselves 

studying at a different pace from other group members, causing frustration for all participants 

(Lane, 2016). In online collaborative learning, strategies for the promotion of belonging and 

connectedness therefore become critical for learners. Of particular importance to students is 

social presence, or their perception of distance to each other and their instructors (So & 

Brush, 2008).  

Students who experience difficulties as a consequence of doing group work online 

particularly note constraints on autonomy, as well as dependence on other group members 
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and technology. Some cite the impersonality of working online with others they did not know 

and delays in progress (Robinson, 2013). Bishnoi (2017) details potential challenges of 

learning in this way, including certain individuals feeling uncomfortable, awkward, or shy 

participating even by distance, and the possibility that the group’s focus becomes challenged 

or lost. Unequal group participation may be heightened by distance, and group members 

being unable or refusing to compromise, negotiate, or agree can be a significant issue if the 

project is collaboratively graded. The abundance of information generated by a group may be 

difficult to assimilate and compile within a given time limit and within the assignment 

constraints. For distance students, further issues can exacerbate any related dissatisfaction 

related to online group work, including unclear expectations from instructors, workload, poor 

software interface, slow access, and no synchronous communication (Gaddis et al., 2000). In 

summary, some learners may find online environments impersonal (So & Brush, 2008; So & 

Kim, 2005), resulting in low levels of engagement and participation and therefore less 

effective learning (Kear, 2010). However, students’ poor time management skills, rather than 

technology, are a significant obstacle to collaborative group work satisfaction (Aycock et al., 

2002). So, with all of this in mind, how might a Tertiary Learning Advisor (TLA) best 

support a learner engaged in online collaborative group work using technology in an 

integrated STEM learning environment?  

 

Effective Collaborative Group Work Methodology 

Marra et al. (2016) background an effective collaborative group work methodology 

used with third- or fourth-year engineering students at a large Midwestern public university 

in the United States. These authors created a combined pedagogical and technological 

environment to support collaborative problem-solving during a semester-long undergraduate 

engineering course. The collaborative group project required the students to identify a human 

factor problem and provide a solution over three phases: identifying and justifying the 

problem, selecting methods, conducting preliminary analyses, and redesigning and reporting 

on the final project. These authors developed epistemic and social scripts as prompting 

questions as scaffolds. These were shared inside each group. The prompts included ‘What 

methods will we use to assess risks?’ They were designed to deconstruct the analytical 

process while allowing students to monitor their own progress and receive feedback.  
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Wood et al. (1976) define scaffolding as providing expert assistance that enables 

learners to achieve what they could not do independently. Increasingly, software or 

technology-based scaffolds (e.g., Zahn et al., 2012) support such learning activity over 

reliance on intervention from instructors (Marra et al., 2016). While STEM-related 

collaborative learning increases academic achievement (Springer et al., 1999), Marra et al. 

(2016) make the point that managing conflict and unequal levels of participation among 

group members remain key challenges for learners. Additionally, students who are 

uncomfortable with online learning become further alienated by a lack of direct teacher input 

(Lamb et al., 2017). It is therefore important to note that technology-based solutions alone 

may be insufficient to support the development of some students’ collaborative skills 

(McKnight et al., 2016). 

 

The Case: Online Collaborative Group Work in a Large STEM Course 

            Due to negative student feedback, the Engineering faculty at the UoA sought remedial 

support from its learning and teaching design team for a stage two STEM course. After 

learning analytics were conducted, faculty and the learning and teaching design team agreed 

to replace twenty per cent of the course with a new methodology. This was specifically 

designed to address student demotivation issues while adhering to the requirements of the 

UoA graduate profile. The profile’s latest iteration highlights the fostering of interculturally 

aware, inclusive, empowering, and service-minded graduates who build creativity and 

sustainability on past knowledge with a focus on the future (Waipapa Taumata 

Rau/University of Auckland, 2024). This graduate profile informed the resulting 

methodology, comprising four assessments. Individually, students performed an online 

ranking task. In groups, they repeated this task to form a single answer. In two fifty-minute 

tutorial sessions, groups were then assigned two 500-word report-writing assessments to 

complete collaboratively in the given time limits.  

             For these assessments, students were allocated into groups comprising four members. 

Individually, they viewed a 20-minute story produced by Whakaata Māori (Māori 

Television). This story investigated the environmental impact of intensive forestation on now 

erosion-prone land on the East Cape of the North Island of Aotearoa New Zealand. This had 

resulted in felled trees polluting rivers and the beaches. Interviewees included local hapu and 

iwi, farmers, small business owners, politicians, environmentalists, and industry 
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representatives. As a drag and drop exercise, students were tasked with independently 

answering: If you were a forester assigned with the clean-up, how would you rank these 

stakeholders in order of importance? For the second assessment, each group repeated the 

process, corroborating a collaborative answer which was also submitted online. In the first 

50-minute tutorial session, groups were then tasked with authoring a 500-word report for 

shareholders of the logging company on how, as foresters, they would remedy this situation. 

In the second allocated tutorial session, in a further 500-word report, students would respond 

to feedback from the CEO of the forestry company which rejected one aspect of their 

previous submission.  

The rationale for this methodology was that technology-based scaffolded question 

prompts can greatly assist students to problem solve collaboratively (Marra et al., 2016). The 

use of immersive and interactive technology facilitated multiple aspects of learning about 

related concepts (e.g., sustainability) to occur concurrently. These included critical thinking, 

negotiation, and justifying, and they allowed for integration between learning and use 

(Grubbs, 2013). Such active learning provided a forum for discussions and writing through 

expanded supplementary tasks that accelerated student motivation and engagement 

(Mioduser et al., 2017). Creating content using technology also provided opportunities for 

groups to highlight engagement with their tasks (Grubbs, 2013). Key student challenges 

included: 

• having little to no experience in applying multidisciplinary knowledge to solve real 

world problems that create conflict and require reflection and adaptation (Robinson, 

2013),  

• group members being interdependent of each other (Lane, 2016), and  

• the abundance of information generated by the group making it difficult to complete 

assignments within assigned constraints (Bernard et al., 2000; Lamb et al., 2017; 

McKnight et al., 2016).  

 

Interpretation of the students’ experiences conducting these tasks will now be 

discussed.  
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Findings 

           The biggest challenges students in this cohort faced were all related to their 

inexperience in conducting collaborative group work. Because they had little to no requisite 

soft skills literacy or internal resources necessary to negotiate differences, this often caused 

delays. For many, needing to corroborate multiple, often conflicting, viewpoints into one 

response was an entirely new experience for them. As groups had a week to submit their 

ranking assessment, most were able to successfully negotiate a single, agreed-upon answer. 

However, when the added expectation of writing assessments needing to be completed within 

a strict time limit, some groups experienced management issues. These were related explicitly 

to forming and maintaining a functional group. Arguably, in some cases, the standard of 

written submissions may have reflected the impact of a resulting lack of time management. 

Specifically, the need to quickly focus on establishing a workable timetable and template for 

the initial writing task submission and adhering to it was underestimated. These factors were 

only intensified with their second writing assessment, with some groups struggling to achieve 

consensus on how to respond to the feedback in the time allocated.  

           For some students, the issues above were exacerbated by their perception of isolation. 

This was largely due to believing they had no roadmap or process to follow, and in its 

absence, a greatly reduced means of receiving teacher support in an online environment. 

Their perceived vulnerability is understandable. Because the tasks involved critical thinking – 

and therefore differences of interpretation – reaching consensus was often problematic 

without adequate soft skills literacy. For some, these issues were intensified by being online, 

resulting in some students reducing their level of participation or even disengaging. This 

made the process more difficult for some groups to manage. Therefore, an emphasis on prior 

exposure to, instruction in, and safe opportunities to develop soft skills use before 

engagement with related assessments in subsequent iterations was advised. 

           This methodology was arguably a significant improvement over what it replaced, 

particularly with its student-centred, real-world problem-solving focus using soft skills. 

While endorsing it, the faculty was acutely aware that with four teaching staff and four 

graduate teaching assistants (tutors), the support they wished to offer students could not 

realistically be provided. Given these limitations, it was decided that autonomous online self-

study and assessment tasks would benefit students. These tasks related to grammar and report 

writing, with annotated exemplars and writing templates. Where possible, teaching staff 

visited groups online to monitor progress and offer feedback, particularly relating to 
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challenges of establishing roles and negotiating within clear boundaries, compromise, and 

strategies to meet deadlines.  

           Regarding the latter, one strategy used involves tasking students with completing a 

simpler report-writing task than those in their assessments, to be taken with the same 

constraints of 500 words in 50 minutes. By a process of scaffolding, the exercise is repeated. 

Initially, the expectation is that the word limit is dropped to 450 words and finally to 350 

words, without negatively impacting the content. Constructive feedback provides a means for 

students to write more quickly and economically. As students gain confidence in this task, the 

difficulty of it can be made incrementally more complex. This requires the student to work 

more efficiently and effectively to complete it (Dörnyei & Kubanyiova, 2014). Future 

iterations of this course could benefit from more guided instruction on how students manage 

group dynamics, particularly negotiating, effective compromise, resolving conflict, and 

working to deadlines.  

 

Discussion 

As the findings suggest, applying multidisciplinary knowledge to solve real-world 

problems can become problematic if the group’s focus becomes challenged or lost (Robinson, 

2013). Additionally, if members are unable to negotiate, compromise, or agree, lengthy 

delays result (Bishnoi, 2017). Poor time management skills may pose a significant obstacle to 

collaborative group work satisfaction (Aycock et al., 2002). For this cohort, these challenges 

may be more fully explained by a lack of a roadmap to negotiate collaborative group work 

and a corresponding lack of soft skills literacy required for it.  

While collaborative learning promotes critical thinking, the retention of information 

(Johnson & Johnson, 1986), engagement in discussion, and the taking of responsibility for 

one’s own learning (Totten et al., 1991), it also poses significant challenges. In this case, 

students were being exposed to diverse viewpoints which they had to respond to while at the 

same time defending their own (Bishnoi, 2017). Invariably, this created disagreement leading 

to adaptation (Robinson, 2013). As many of this cohort had only experienced isolated, 

competitive learning that was predominantly teacher-centered, they were presumed to have 

preferences for passive learning over active learning and for instruction from an expert over 

peers. For them, group member interdependence may have been challenging as they studied 

autonomously and at a different pace (Lane, 2016). These factors potentially caused 
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frustration for all group participants that were exacerbated online (Lamb et al., 2017). 

However, while affected students may have anticipated being able to seek remedial teacher-

led instruction, this can be greatly reduced in the online space (Lane, 2016). There, social 

presence, or the perception of distance to each other and their instructors, is of particular 

importance (So & Brush, 2008). This can result in certain individuals feeling uncomfortable 

participating (Bishnoi, 2017), reducing their participation, not engaging, or even withdrawing 

(Kear, 2010). 

How might a TLA respond to these students? As Carter and Bartlett-Trafford (2008) 

state, a key role of TLAs is the scaffolding of professional and transferrable skills. This 

promotes autonomous learning and provides psychological and pastoral support for learners 

challenged by aspects of academic culture. TLAs can assist students in building supportive 

peer-based learning networks as participation in them is linked to positive changes in learning 

and study practices (Sotardi & Friesen, 2017). Once these are established, TLAs can 

contribute by modelling, replicating, and scaffolding the same methodologies required to 

complete collaborative group work in STEM courses. If students can see personal and 

professional relevance of such assigned tasks (Liu & Bridgman, 2023), they will be 

motivated to contribute (Dörnyei & Ushioda, 2011). The success of this approach is enhanced 

if these tasks are conducted in a safe judgment free environment, where students can receive 

immediate, constructive criticism throughout each step of the process (Dörnyei, 2005). 

Furthermore, if the selection of materials and resources is drawn from real-world examples 

that correlate with their coursework, this can stimulate engagement (Dörnyei & Kubanyiova, 

2014). A scaffolded approach (Wood et al., 1976), initially face-to-face, offers students 

opportunities to seek feedback and model the strategies. Given that some students can be 

expected to face challenges in the online space (Bernard et al., 2000; McKnight et al., 2016), 

particularly when modelling such collaborative tasks online (see Bishnoi, 2017, and 

Robinson, 2013), active participation by a TLA can provide much-needed support.  

 

Conclusion 

As this article has demonstrated, in STEM environments where students are tasked 

with solving real-world scenarios, disagreement and the need for resolution through 

compromise invariably arise (Burdett, 2003; Robinson, 2013). Forming and maintaining 

functional groups to solve these problems under pressure (Demski, 2009) was the biggest 
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challenge for the students in this case study. These challenges were exacerbated online in an 

environment where they were expected to work largely autonomously and teacher support 

was greatly reduced (Bernard et al., 2000; Lamb et al., 2017; McKnight et al., 2016). With 

knowledge of these challenges, TLAs can facilitate these students’ safe practice of tasks and 

mitigate the issues they experience when trying to complete them. As Sotardi and Friesen 

(2017) note, students transitioning to university often feel unprepared. Without adequate, 

scaffolded instruction in the requisite soft skills required for this transition, they may remain 

illiterate in those that are at the core of STEM courses. As this article has argued, employing 

modified learning strategies can also lead to positive changes in students’ learning and study 

practices. Regarding support for those working collaboratively online specifically, TLAs can 

now respond to students' related needs confidently through the understanding they have 

gained in this article.   
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