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Abstract. Well-functioning teams with clear roles and advanced processes have a high potential to initiate peer learning and 10 

thus interdisciplinary collaboration. The need for interdisciplinary excellence is a modern-day phenomenon that 

characterizes all research, including water research. In this paper, we argue that by focusing on developing team culture and 

practices, a research group enhances their peer learning and psychological safety within and beyond the group. We approach 

this issue by summarizing the key findings from a five-year team development project in water research, where the data 

collection focused on co-creation practices, active reflection, and journey mapping methods. These findings were described 15 

through a sports team framework and presented through Tuckman’s team development model to capture the whole life cycle 

of a team. We present a collection of hands-on team practices that improved team performance and psychological safety by 

enhancing peer learning and utilizing the diverse competence of individuals. A diverse team with a hybrid hierarchy, 

transparent communication, and co-designed collaboration practices turned out to be important to strengthen commitment, 

belongingness, and psychological safety. These were critical especially for doctoral students who were actively supported 20 

and encouraged for risk-taking and innovative, interdisciplinary research openings in water research. We conclude that 

coordinating research group activities that promote collaboration, diversity, and psychological safety can efficiently leverage 

interdisciplinary academic and educational performance. 
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1 Introduction 25 

The surge of societal and environmental problems creates an increasing pressure for creative interdisciplinary collaboration 

in water research (United Nations, 2021). Compared to the mono-disciplinary approach, it is known to produce more 

innovative outputs, competent professionals to support efficient water resources management (Braimoh and Craswell, 2008; 

Carr et al., 2017), and the impact multiplies with the size of the group (Börner et al., 2010). The new technologies and 

modern research provide numerous opportunities to lever and expand inter-and transdisciplinary collaboration (c.f. 30 

Milojević, 2015), but much potential remains untapped. Scientific independence and difficulties in sharing tacit knowledge 

together with organizational barriers often challenge collaborative efforts (Bos et al., 2007). However, collaborative learning 

provides high social capital (e.g. knowledge, practices, and skills) both within and between the groups (Mäkelä, 2007). 

The modern work life calls for new kinds of competencies (European Commission, 2022) and facilitates ways of working 

that may not be familiar in the academic communities, often being just nascent and finding their shape. Agile and deep 35 

learning are already cornerstones for professional success in knowledge-intensive jobs, but the learning to learn paradigm is 

widely setting aside the aged learning to do approach to education and professionalism (Bormann et al., 2017). This all 

culminates in education challenges: how to create a team that facilitates learning through diverse and engaging 

collaboration? 

The circumstances that enable collaborative research processes are at the core of emerging fields of team science and group 40 

development (Bonebright, 2010; Börner et al., 2010). The idea of applying work teams beyond sports and military settings 

was first studied already in the 1950s (Sundström et al., 1990), but research on the benefits it has on interdisciplinary 

academic research teams is novel.  The rising understanding about the importance of leadership in the industry gave rise to 

sport management studies in the 1970s, leading to an increasing focus on transactional and transformational leadership by 

the 1990s (Peachey et al., 2015). Objectives of sport management studies range from improved game strategies and decision-45 

making (Kinnerk et al., 2018; Lord et al., 2020) to capacity building (Edwards, 2015) and psychological connection (Funk 

and James, 2001).  

The sports team framework holds high potential for research groups and doctoral education development as well: it can 

improve and create new processes of peer learning and collaboration, and clarify the need for diversity, support, and shared 

motivation. Understanding group dynamics and the influence of a group for both individuals and communities is key for 50 

designing a well-functioning team (Forsyth, 2014). In this paper we utilize the sports team development framework in a 

research group context to address two research questions: 1) what are the key peer learning practices from sports 

management research that can strengthen team performance and excellence in interdisciplinary research in water; and 2) 

what are the best strategies to implement these into an academic setting? The findings are analyzed by using the world-

famous group development model by Bruce W. Tuckman (1965). Despite being based on 1960s literature, it continues to be 55 

relevant for today’s social settings (c.f. Natvig and Stark, 2016). This composite model conceptualizes the temporal changes 

in social and task realms as well as small group behavior, thus capturing the main efforts into five stages (Figure 1; Tuckman 
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and Jensen, 1977). The model of a linear process fits well to conceptualize a research process, such as a doctoral thesis 

journey from a research group perspective.   

2. Data and methods 60 

2.1 Team management literature on sports teams 

Journal articles on sports teams and their management were synthesized for creating a comprehensive understanding of the 

key modalities and practices that sports teams have. Scopus search was used for keywords on ‘sport* management*’, team* 

and with the rising themes, such ‘belongingness’, ‘sense of belonging’, or ‘stakeholder*’. We excluded individual sports and 

school and children sports from the analysis and focused on journal papers on professional sports teams. The majority of 65 

studies focused on football/soccer teams that well illustrate a diverse and competitive team with strong cohesion (Lord et al., 

2020; Silva et al., 2020). The final synthesis is based on 42 journal articles.  

2.2 Case study on water engineering 

Peer learning and peer support practices were developed and studied in a five-year empirical research project on water 

research (years 2017-2021) (Taka et al., 2021). The Majakka project (‘lighthouse’ in Finnish) focused on developing the 70 

culture and the practices of a research group in the context of doctoral education and research excellence in interdisciplinary 

water engineering at Aalto University in Finland. The core of the project was a team of six doctoral students with 

interdisciplinary research topics, their supervising teams, and a postdoc coordinating the project. The project provided a case 

study of an ideal setting with fully-funded students and a community that has for long focused on collective research success, 

wellbeing, and equity. The culture-creation and practices were initially developed and piloted in this group of six doctoral 75 

students and then upscaled to Water and Development Research Group (WDRG) in a research group of ca 30 members, and 

into a larger Water and Environmental Engineering Research Group (WAT) of ca. 60 members.  

Journey mapping workshops were organized for 1) Majakka doctoral students (N=6); 2) a control group of other doctoral 

students from the same research group (N=4); 3) doctoral students’ advisors (mainly postdocs, N=6); and 4) professors 

managing the research group and supervising the students (N=3).  Empirical data from Majakka doctoral students were 80 

continuously collected in e.g., objective discussions, reflective workshops, and co-designing workshops. In the results, all the 

direct quotes from the interviews and workshops are indicated in the text with quotation marks. The whole WDRG research 

group, where Majakka was included, was studied in regular workshops (twice per year) and with surveys on collaborative 

activities, group culture, and wellbeing. The data has been anonymized, thus individuals cannot be identified from the data. 
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2.3 Tuckman’s group development model 85 

Tuckman’s five-phase model was used for analyzing the results. The forming phase is highlighted across the team 

development models, indicating a process of identifying the boundaries of interpersonal and task behavior and dependencies 

(Tuckman and Jensen, 1977). These link to two key factors that explain a team’s success; an established identity (Thomas et 

al., 2017) and cohesion (Pescosolido and Saavedra, 2012). The social cohesion with communication, trust, and shared 

understanding engages the team members to develop their processes and strategies together (Eccles and Tran, 2012) and 90 

enables agile and experience-based strategies (Pescosolido and Saavedra, 2012; Silva et al., 2020). However, it also holds a 

downside of creating informal group pressure and controlling the group members (Langfred, 1998). 

The second phase, storming, is the first true test for the team, focusing on assessing interpersonal issues and the potential for 

conflicts. It also provides a critical process to tackle the potential resistance to group influence and thus opens the path for 

the third phase, norming. Here the team focuses on the development of ingroup feeling and cohesiveness. New standards 95 

evolve and new roles are adopted. The performing phase concretizes the success of the preceding stages: interpersonal 

structures and group energy are the fuel for performance and activities, while they also support highly dynamic teams by 

allowing flexible and functional roles. The original four-level model of Tuckman was later fulfilled with the last phase of 

adjourning to complete the team journey towards wrapping up the work and then dissolving (Tuckman and Jensen, 1977). 

This phase is highly relevant for sports teams with fixed seasons, and research teams with a project-oriented schedule.  100 

 

3. Results and discussion 

The sport management framework provided an extensive array of critical mechanisms, practices, and boundary conditions 

for a successful team. We identified critical themes that cover the main lateral (from individual to the community) and 

temporal scales (from one routine to long-term strategies) of team management supporting the joint design, communication, 105 

implementation, and reflection towards the overarching goals of the team. Many of these mechanisms and practices are 

already utilized in academic communities, yet without acknowledging the wide potential of the rich documented experience 

on improving the culture of collaboration and psychological safety. The concepts of peer learning and shared goals in sports 

teams turned out to provide concrete approaches to focus on the interdisciplinary team instead of traditional single-

disciplinary characterized by cognitive boundaries that prevent knowledge sharing (Mäkelä 2007).  110 

In the doctoral education context, traditional one-to-one supervision and the single-discipline community may hinder 

interdisciplinary research. The doctoral thesis topics per one supervisor may range from solar disinfection technologies to 

sustainable migration and from drought management to global food trade. As the research topics may go beyond supervisors’ 

expertise, the main challenges the supervisee’s experience are related to the project (e.g. scope, data, and methods) and self-

doubt (Barry et al., 2018). 115 
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3.1 Forming 

Cohesion vs. competition 

In the Majakka Project, the very early action towards team success was recruitment that focused on forming a group with a 

diversity of backgrounds, motivation, research topics, and competencies. The team was designed to represent a group of 

individuals with research topics that were diverse enough to reduce competition, but similar enough to ensure the need for 120 

collaboration. Diversity was present in various contexts: the research topics were diverse, students had backgrounds from 

water engineering to social sciences and geoinformatics. The diversity in work experience proved to be critical in co-learning 

transferable skills, such as time management and learning to learn.  

Uhlenbrook and Jong's (2012) T-shaped competency in water research was used as a basis for designing the Majakka team 

for peer learning. Water, forming our core expertise, was researched in the project for example in the contexts of drought 125 

preparedness, climate oscillation, and food shocks; data-poor regions’ sustainable water management, environmental 

migration, and urban floods. This introduced a diversity of theories, methods, research traditions, and novel research 

openings, resulting in increasingly interdisciplinary research in water. The group of six doctoral students and a postdoc 

collaborated with a diverse professional group: during the project they published 32 journal articles with 105 co-authors, 

who represented the whole globe and disciplines from social sciences to meteorology and from soil ecology to uncertainty 130 

modeling. On average, each paper had 6.4 co-authors. The diversity and thus its benefits are ever wider in the research group 

of 30 or 60 members. Notably, while helping doctoral students to define their own identity and position in the research 

group, it simultaneously challenged their identity building in the global scientific community. In the group of six doctoral 

students, this forming phase later strengthened intra-group interactions, peer learning, and cohesion.  

In the beginning, aligning Tuckman’s theory, the people were polite and getting to know each other: at first, the doctoral 135 

students experienced active grouping as artificial, but this quickly defined their group identity and home base for the whole 

thesis journey. The group defined their name, logo, and received peer support from both this small team and from the whole 

research group. The importance of this group became even more evident after the “honeymoon phase” of the thesis process.  

 

Diversity as a strength 140 

A season-long study on professional sports teams highlighted how these dynamic and diverse teams require frequent 

reinforcement of roles and togetherness, especially during challenges or changes in a team (Morgan et al., 2019). Our five-

year study of the WDRG research group highlighted the highly dynamic nature: due to project-oriented work and funding the 

group doubled its size, while twelve researchers left the group and twenty new ones joined. Diversity in the group increased, 

became more valued, and favored new interdisciplinary research collaboration. This diversity, be it in football or research 145 

group, should be balanced with interpersonal similarity, holding a higher tendency for interactions, knowledge sharing, and 

clustering (Mäkelä, 2007). In practice, this balance was coordinated through skill mapping that helped to identify the gaps in 
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competencies. Those gaps were then filled by staff training and new recruitment. This reinforced the group’s holistic 

motivation, shared goals, and the culture of life-long learning. 

Our findings in interdisciplinary stakeholder collaboration for fostering diverse peer learning were controversial: for some 150 

research topics, the collaboration was easy to initiate, and the engagement was high throughout the project. On the other end, 

the practitioners were sometimes uncomfortable with the highly academic setting: despite clear roles and processes, the 

format of scientific writing or sharing their own data may scare the collaborator away. One solution for holistic benefits 

would be to initiate collaboration already in the recruitment phase and enable participation in the preparation phase. 

 155 

Team management 

Team building in successful sports teams is coordinated by a skilled and transformational leader who concurrently focuses 

on individuals and the team, and invests in culture-building (Peachey et al., 2015; Fransen et al., 2020). The diversity and 

self-directed peer learning call for agile supervision that focuses on enabling and supporting practices. We observed that 

during the forming phase, the supervisor’s ability to understand the various starting points was critical. In sports, team 160 

building is based on acknowledging the individual’s talent and potential (Sarmento et al., 2018), and their previous 

experience (Sinclair, 2010) to ensure that they are committed to working with people they do not know well yet. A similar 

need to test the team members’ long-term committed was performed by the supervisor of the Majakka project. Supervisees 

with longer career histories had a better-defined need for the degree and competence, they understood their role in the team, 

and they needed less support on, for example, collaboration and project management skills. Despite their different needs, 165 

equity among the team members was ensured in supervision. 

Finally, the project piloted diverse supervision teams for doctoral students. The Majakka team was formed to represent 

diverse expertise in the field, methods, and practical applications. The plan was to provide continuous and highly competent 

support and peer learning, not only for the supervisee but also for the supervisor. In addition, students were encouraged to 

invite new coauthors to every journal article based on their learning objectives. This led to situations of peer learning in 170 

terms of scientific practices, new methods, and transferable skills.  

3.2 Storming 

Interdependencies 

A research team could be illustrated as a football position map: showing a network of individuals with specified roles and 

responsibilities that are critical in reducing interpersonal risks, competition, and contradictions while increasing togetherness 175 

and the selfless team culture (Morgan et al., 2019; Valentine and Edmondson, 2015). What it does not show is people’s 

potential conflicting working styles and doubts about the team.  

In our study, storming was included in the introduction process. The active attempts to value diversity were balanced with a 

critical assessment of potential conflicts. Long-term funding, flexibility on the research plan, and a strong emphasis on 
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individuals’ learning and career goals set the basis for long-term engagements, however, the possibility for discontinuing 180 

their studies was present. To minimize risk for this, the supervisor team organized several mini-workshops during the 

orientation phase to define, value, and make use of the diversity (Figure 2). Potential for peer learning was identified and 

people were encouraged to update their research plans together to better utilize this high potential. Notably, group storming 

was more evident in the WDRG research group, and the non-believers or late adapters collaborated with lighter commitment 

or not at all.  185 

Interestingly, for some individuals the interdisciplinarity of the research group caused storming: early-career scientists with 

different backgrounds, especially from non-engineering fields, found it odd to work in an engineering research group. 

Especially for people joining the group, this “designed diversity” helped them to understand their unique role in increasing 

the diversity and introducing new approaches to the group. Communication was critical in the process that took a few 

months.  190 

 

The non-linear process 

The lack of formal support and unclear strategies are known to challenge doctoral students’ learning (Bastalich, 2017). To 

complement this, we identified how critical it is to acknowledge the nature of a non-linear process already during the 

storming phase. Research is characterized by high uncertainties that are often caused by external factors, not by the lack of 195 

training. "Failure is just part of science. If you don't get rejections, you don't aim high enough" one of our professors 

concluded. Unfortunately, we observed how experience and resilience usually go together: early-career researchers learn 

about this non-linearity and failures by experience, and thus may not be willing to take risks without sufficient resilience and 

knowledge.  

 200 

3.3 Norming 

Group culture and a long-term vision 

This phase was the most critical part of our empirical study, as the commonly agreed group culture encouraged its members 

for proactive participation and continuous collaboration for the common good, with the focus on enabling learning-centric 

activities. Participation and co-creation were commonly agreed on norms and a collective agreement of investing 5% of 205 

work time for the common good was set up. This helped to overcome the assumption that collaboration creates extra work. 

Investing one or two hours per week in the group was paid back by support from everyone in the group. The activities 

favored collaboration over competition, leading to efficient sharing of ideas, contacts, and data.  

Defining the culture set the basis for defining the team processes, that were then coordinated and implemented by roles. 

Similarities to a sports team are numerous: high resilience is based on collectively agreed team vision and processes to 210 

implement it (Morgan et al., 2019). The sense of belonging and a shared sense of ‘us’ are critical for both personal growth 
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and engagement to the team (Thomas et al., 2017). This is well-known in doctoral education as well (O’Meara et al., 2017). 

In sports teams, psychological safety was found to simultaneously increase the team’s inspiration, resilience, and 

performance, and to support individuals to speak up, provide input, and take risks. This resulted in an optimally functioning 

and healthy team (Fransen et al., 2020). In Majakka, a key factor for psychological safety was the shared office and the 215 

group of students who started their degree at the same time.  

 

Co-created strategies and procedures 

Sports management holds successful examples of teams with a culture of shared leadership: informal leaders (such as 

captains) support the coach and provide great benefits through knowledge sharing, organizational creativity, and enhanced 220 

member experiences, among many others (Fransen et al., 2020; Kang and Svensson, 2019; Thomas et al., 2013). Such a 

shared and solution-oriented decision-making was introduced into a research group setting by using the subsidiarity 

principle: decision-making should be taken to the lowest appropriate level and closest to those they are affecting (UNDP, 

1999). The leadership was defined as ‘hybrid hierarchy’, where the group has a low hierarchy as a whole, but when in need, 

the leading professors provided supervision for everyone. The group’s management was shared among three professors and 225 

assisted by a few postdocs who had responsibilities as employment superiors or facilitators. This enabled us to avoid endless 

loops of indecision while individuals were all equally respected and included. Based on the journey mapping analysis, this 

was a critical culture for creating psychological safety and encouraging risk-taking in research. 

Research, including doctoral dissertation, requires long-term motivation, fueled by intrinsic motivation to learn, discover, 

and develop. Even though interdisciplinary researchers may invest unsustainable amounts of energy in their collaborative 230 

work, they may still feel homeless in a strongly disciplinary community and lack formal recognition (Delamont et al., 2003; 

Wallen et al., 2019). We observed similarities with reported motivation factors of sports teams, that stems from a 

combination of inspired and motivated team members excited to take the journey together. These, together with a supervisor 

boosting motivation when needed, lead to increased resilience (Morgan et al., 2019). In the Majakka project, the culture of 

“us” was critical for defining the culture of peer learning and belongingness.  235 

Additionally, we discovered that doctoral students’ long-term motivation is best nurtured by balancing scientific significance 

and stakeholder collaboration (extrinsic motivation) with students’ objectives (intrinsic motivation). The elevated risks in 

interdisciplinary research were balanced by the team members who ensured that diverse support was always available. 

Students were encouraged and supported to invite external coauthors to their papers, and this networking was based on 

active learning goal mapping. Doctoral students were encouraged to create new research openings and their attempts were 240 

respected. Despite the Majakka and the control group, doctoral students all had their high intrinsic motivation for research, 

these mutual agreements on for example co-learning and networking were critical in enabling continuous and diverse 

learning. These shared attempts characterize successful sports team as well (Kinnerk et al., 2018).  
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Map of roles and positions 245 

The mutually agreed roles outline the team’s processes that strive towards efficacy, self-esteem, meaning, and continuity 

(Thomas et al., 2017). For an individual, the role encodes their responsibilities and interdependencies in the team, 

strengthening shared understanding of the collective accountability – even between strangers (Lusher et al., 2010; Ribeiro et 

al., 2017; Kinnerk et al., 2018). Professional sports players train for several positions to concurrently improve their 

performance and coordinate collaboration (Sarmento et al., 2018). We piloted this with doctoral students, who got 250 

responsibilities in thesis advising, teaching, and coordinating collaboration. This strengthened the feeling of belonging and 

encouraged individuals to take action for development. The collective responsibility for this culture strengthens team 

scaffolding, thus leading to actual processes for peer support and learning (Valentine and Edmondson, 2015). 

 

3.4 Performing 255 

Team actions for continuous development  

The collectively agreed norms towards active research collaboration and peer learning with equal investment set the basis for 

practices in the Majakka team. The established culture allowed its members to feel comfortable in taking action, sharing 

struggles and difficulties related to work and wellbeing. This strengthens the group cohesion that has become increasingly 

important – in both sport and research team settings – as the competition has been shifting from individual to institution-260 

level (Musselin, 2018). The success becomes collective.   

We rarely appreciate how one successful action, be it a goal or a published paper, is based on hundreds of hours of practicing 

and repetitions to develop technical, tactical, and physiological skills (Sarmento et al., 2018; Stojanović et al., 2018). 

Additionally, the star players are typically highly accurate and adjustable to complex situations (Bennett et al., 2019; Silva et 

al., 2020). These merited colleagues inspire, engage, and help the younger ones to get the ball. 265 

The studied research group wanted to make use of this elevated cognitive capacity to decisions and actions, analogous to 

sports teams (del Campo et al., 2011). The research group aimed to make this nonlinear process more visible by facilitating 

activities where the more advanced researchers provided experience-based support, tips, and guidance for young scientists. 

Improved and more systematic internal communication and for example, weekly group seminars set the basis for this 

communication. We piloted processes where the advanced researchers were active in initiating the collaboration, giving 270 

gradually more responsibility for the younger ones. Postdoctoral researchers were often appointed as doctoral thesis 

advisors, which provided them with a well-recognized need to learn about research, leadership, and pedagogics. One 

doctoral student observed how these activities for psychological safety created a moment when they “stopped worrying and 

started enjoying”. 

The process of continuous learning was important to communicate, as doctoral students and non-academic partners may 275 

assume they need to master skills, such as scientific writing a priori. This had a high potential in hindering or even canceling 
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collaboration. Additionally, the importance of informal meetings was observed and became even more evident when the 

global pandemic forced people to work remotely. The peer learning was facilitated in alumni meetings, where ‘alumni of the 

month’ shed light on their current work and their doctoral thesis experiences, bridging the degree into practical work. 

Another form of cost-efficient collaboration – a low investment with potentially high gains - was the annual ‘doctoral 280 

students meeting practitioners’ event, which provided one-time sparring discussion and networking, or even a beginning for 

a mentoring relationship between doctoral students and stakeholders. The session was a side event at an international 

conference. 

Collaboration and peer learning helped to understand the norms and principles for behavior, i.e. ‘situational probabilities 

knowledge’, meaning preparedness to the actions of a player to a given situation (Eccles and Tran, 2012). As doctoral 285 

students’ key issues are related to mastering research practices and methods challenge them the most (Barry et al., 2018), and 

the merited supervisors have deep knowledge of students’ typical reactions to these (for example how a student is devastated 

by a major revision from a journal), we wanted to provide this knowledge for the whole team. Research is about taking risks 

and researchers are encouraged to go beyond their comfort zone, test, and expand their abilities, and seek endorphin peaks in 

their work. 290 

In the Majakka group of doctoral students, the strong cohesion initiated several types of collaboration. Students identified 

mutual needs for learning new research methods and did analyses jointly for their research papers. The group published a 

journal article where they jointly learned about sustainability in water, learned about sustainability in water and new 

quantitative analysis; learned how to conduct a systematic literature review; and gained knowledge about the publication 

process in general. The students peer-reviewed each other’s papers, wrote joint papers, and attended conferences as a group. 295 

Teaching was often done together. They represented a team that was active in networking, stakeholder engagement, and 

external communication. Presenting as a group helped to initiate new activities.   

 

Well-planned strategies and procedures  

The members of the studied research group agreed that their collective strategy was to focus on advancing interdisciplinary 300 

research collaboration and to build up their international excellence with an impact beyond academia. Group members 

wanted processes that enhance life-long peer learning, strengthen communication (both internal and external), and foster the 

culture of transferring knowledge and networks. The data from Majakka doctoral students illustrated how individuals’ 

learning leaps, failures, and ability to take responsibilities vary in space and time (Figure 3). However, we identified 

processes that were universal to all students, irrespective of their research topic. Communicating such generic processes to 305 

new doctoral students and thesis advisors increased understanding and risk-taking while decreasing the risk of 

misunderstandings. As failures and drawbacks are an unavoidable part of both sports and research, we should focus on 

creating scaffolding and resilience to encounter them. Both long-term vision and interdisciplinary collaboration increased 

support for the individuals. 

 310 
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Puuhas for collaboration 

Participation in several journal papers with varying roles helped to understand the roles and pressures of others and enabled 

interdisciplinary research collaboration. Journey mapping results highlight how doctoral students enjoyed the most those 

papers where they were working in an interdisciplinary team. At the beginning of their studies, the position of not being the 

corresponding author was found to increase their belongingness and psychological safety. It supported the phase of defining 315 

their researcher identity, deepening their knowledge in the field, and learning about the publication process. The 

psychological safety enabled new research openings and the group for example decided to collect a novel global dataset on 

migration – the risk for this was lower as the group of doctoral students were working together. Regarding the growth as a 

researcher, ownership of their work, and an established role in the community, the 3-to-12-month research visits were found 

valuable. These external experiences are known to be critical for creating an expatriate experience and the ability to take 320 

different perspectives (Mäkelä, 2007), which is highly relevant for fostering interdisciplinary research.  

Similar to a sports team (Bruner et al., 2014), we designed an ensemble of harmonized processes aiming to concurrently 

develop skills and advance psychological safety, and build resilience against drawbacks. We piloted the processes for 

interdisciplinary peer learning and support through two lenses: first, we designed processes based on the stage of doctoral 

students. ‘Synthesis group’ was a small group for doctoral students across the research group finishing their degree, writing 325 

the synthesis of their article-based dissertation, and actively finding the next step in their career. This group turned out to be 

a critical source for support and knowledge, and for tackling “the existential crisis about the dissertation”, as some students 

expressed. During the project, we facilitated five generations of synthesis groups and created an online collection of 

resources of e.g., pre-examination comments, documents, and practical tips. Each group contained three to six doctoral 

students who met regularly to communicate their work and set the next goals – the more multidisciplinary the thesis topics, 330 

the more successful the group. A postdoc coordinated the meetings and knowledge co-creation. A similar small community, 

Rookies club’, was piloted to support the youngest researchers to initiate their academic careers. The group focused on basic 

research training, peer support, identity building, and knowledge transfer. Both the Synthesis group and the Rookies club 

have been highly successful informal communities in strengthening resilience and further elaborating the goals of the 

doctoral degree. They also point out that success is always made in teams - whether in sports or research.   335 

The second lens for piloting the collaboration processes was designed for the entire research group including everyone from 

research assistants to professors. ‘Puuhas’ ('puuha' is a Finnish word for a light everyday task; in plural, 'puuhas') structured 

the teamwork. The group collectively identified the key processes common for all research and thus established jointly 

facilitated activities on external communication, skill clinics, and weekly research seminars with both internal and external 

speakers. Each puuha was coordinated by a group of team members who were responsible for organizing activities during 340 

their term. This aligns well with Tuckman’s model where the performing phase provides an opportunity for the coach to 

delegate more work for the team while focusing more on developing the people and the group. As responsibilities are shared, 

the conflicts are easily solved without the coach’s intervention.  
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Initially, people sought for balance between their research and puuhas but taking a risk for piloting brought these two closer 

together in just a few weeks. For doctoral students, puuhas provided support to develop their general work processes which 345 

were increasingly important once the ‘thesis honeymoon phase’ was passed. We successfully piloted upscaling of the puuha 

co-creation culture to two other research groups, and the efficacy of such an upscaling phenomenon was one of our most 

tangible positive surprises within the entire project. This firmly encourages us to continue upscaling with this method to the 

school and even university levels. 

It was evident that puuhas required careful planning and reflection: the number of activities need to be limited; the likelihood 350 

of failure was high if they needed too much investment or lacked participants. Routines and regular activities appeared 

critical. Those puuhas that turned out to be unnecessary or contradicting were terminated. One example was the Monday 

meeting which aimed to increase intragroup communication to identify ad-hoc needs for peer support. We soon identified 

that these meetings were sensitive to the size of the group: a group of fifteen members created unnecessary pressure instead 

of psychological safety that was the initial goal. We decided to continue the meetings in smaller groups and concentrated the 355 

help requests to the teams’ online platform.  

 

Reflection and video analysis 

Following the sports team framework and their practices for active reflection and dialogue-based development (Pescosolido 

and Saavedra, 2012; Silva et al., 2020), we wanted to foster reflection by co-designing mechanisms to benefit both 360 

individuals and the team. The piloted reflection tools, such as journey mapping, turned out to reduce the competition among 

individuals and helped them to understand their own, continuous development, especially when the development was other 

than publishing a paper. Defining personal goals and milestones turned out to be challenging, and support from more merited 

colleagues was instrumental. However, visual mapping was found useful not only for communicating feedback but also for 

reflecting own viewpoints on the process. Illustrating the process helped to understand the need for interdisciplinary 365 

collaboration and pointed out the moments when the collaboration should have already been initiated.  

Especially the successes and failures in the interdisciplinary collaboration efforts were valuable for finding fruitful ways of 

working and communicating. For instance, getting an interdisciplinary research paper accepted to a high-quality water 

journal is not easy and often leads to rejection. A young researcher may encounter this as a personal failure, but there 

remains always much to learn from the experience. At group level, the team’s tactical approach and puuhas were regularly, 370 

at least twice per year, reflected and iterated. As an example, in the year 2017, we had 19 puuhas, and in 2021 they are 

narrowed and merged into four. The process has become an inevitable part of the culture and operates with almost no extra 

effort. This process of reflection helps the team to build their mutual trust and team-regulatory, increases individuals’ 

accountability, improves internal communication, and helps to iterate the processes (Morgan et al., 2019). 

 375 
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3.5 Adjourning 

An Academic team is in continuous change as projects start and finish, and students graduate, and new ones enroll. 

Welcomes and adjourns are frequent.  Sports teams’ adjourning peaks at the end of their season before starting the forming 

phase to begin the next training and game season. In our research, the adjourning process provided challenges. While the 

doctoral education process should focus on future-oriented and proactive learning on research and transferable skills, such as 380 

teamwork. Assessing the success in these befalls during adjourning: students invest more in defining their professional 

identity and job hunting. Who are they, how are they received by a diverse mass of employers? For our target doctoral 

students, this was a wedge issue. They described the process of writing the thesis synthesis as either a moment of “seeing 

light at the end of the tunnel” or a moment of “existential crisis about the dissertation”.  

Unfortunately, we did not use the full potential of adjourning in the interdisciplinary and peer learning setting. The 385 

interdisciplinary team did help them to diverse their understanding of different work possibilities, thus helping their career 

planning and competence building. Several alumni participated by providing insights from their careers. During the 

adjourning phase, the doctoral students were already very independent and proactive in contacting future employers and 

applying for postdoc funding. As they were also successful in those activities, most of the doctoral students were only part-

time employed by the university during their adjourning phase. Growing from a doctoral student into alumni was found 390 

important and many of the research group alumni expressed that they understood the value of good supervision once they 

started in their supervisor position. Thus, having co-designed and well-tested processes sets a strong basis for initiating and 

maintaining diverse collaboration beyond the own research group.  

 

3.6 Interdisciplinary collaboration – a hat trick? 395 

The studied research group and the group of six doctoral students provide several examples of the importance of the 

scaffolding research group culture and thus positive impacts of interdisciplinary peer learning and collaboration. The sports 

team framework contributed with practices and resources that are critical in enabling successful and learning-centric teams.  

However, Tuckman’s model has several weaknesses. The most important observation is the absence of peer learning, which 

was critical in sports teams and research groups. The linear model does not capture the oscillation that the research group 400 

dynamics actually holds. Further, the concepts ‘team’ and ‘group’ hold different meanings despite they are considered 

similar in this work (Fisher et al., 1997). 
The analysis of sports team literature and empirical research on research group setting provides high potential in practices for 

peer learning, and examples of the threats and benefits it has on interdisciplinary research, learning, and psychological safety 

in the group.  405 
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4. Conclusions 

Due to the increasing seriousness and complexity of today's water-related challenges, the societal demands for the highest 

level water experts are evolving fast towards enhanced interdisciplinarity. Doctoral education in water research should 

spearhead this development. A huge development need is obvious in terms of approaches, modalities, and practices for 

interdisciplinary teaching and learning. 410 

Sport team literature was used as a framework for identifying and co-creating practices into a research group. The five-year 

research of the research group provided new knowledge about the practices for enhancing self-directed peer learning, with a 

synthesis of the threats and positive effects on individuals, teams, and research.  

We conclude that peer learning would benefit from mechanisms and practices that establish, reinforce and enable both 

formal and informal activities. These would facilitate collaboration, new research openings, and strengthen psychological 415 

safety among the team. The established culture is easily adapted by new team members and the main storming occurs when 

the culture is initially created.  

 

Author contribution 

MT and OV designed the research and data collection, and MT was responsible for the data collection and associated data 420 

analysis. All authors contributed to the study methodology development and manuscript writing. 

 

Competing interests 

The authors declare that they have no conflict of interest 

 425 

Acknowledgments 

Research funding was provided by Maa- ja vesitekniikan tuki ry. We thank the doctoral students in the Majakka project for 

their active participation, fruitful inspiration, and inspiring collaboration. The Water and Development Research Group 

(Aalto University) we thank for their innovative ideas and endless motivation for co-creation. 

 430 

  

https://doi.org/10.5194/hess-2022-85
Preprint. Discussion started: 4 March 2022
c© Author(s) 2022. CC BY 4.0 License.



15 
 

References 

Barry, K. M., Woods, M., Warnecke, E., Stirling, C., and Martin, A.: Psychological health of doctoral candidates, study-
related challenges and perceived performance, Higher Education Research & Development, 37, 468–483, 
https://doi.org/10.1080/07294360.2018.1425979, 2018. 435 

Bastalich, W.: Content and context in knowledge production: a critical review of doctoral supervision literature, Studies in 
Higher Education, 42, 1145–1157, https://doi.org/10.1080/03075079.2015.1079702, 2017. 

Bennett, K. J. M., Novak, A. R., Pluss, M. A., Coutts, A. J., and Fransen, J.: Assessing the validity of a video-based 
decision-making assessment for talent identification in youth soccer, Journal of Science and Medicine in Sport, 22, 729–734, 
https://doi.org/10.1016/j.jsams.2018.12.011, 2019. 440 

Bonebright, D. A.: 40 years of storming: a historical review of Tuckman’s model of small group development, Human 
Resource Development International, 13, 111–120, https://doi.org/10.1080/13678861003589099, 2010. 

Bormann, B. T., Williams, B. K., and Minkova, T.: Learning to Learn: The Best Available Science of Adaptive 
Management, in: People, Forests, and Change: Lessons from the Pacific Northwest, edited by: Olson, D. H. and Van Horne, 
B., Island Press/Center for Resource Economics, Washington, DC, 102–115, https://doi.org/10.5822/978-1-61091-768-1_8, 445 
2017. 

Börner, K., Contractor, N., Falk-Krzesinski, H. J., Fiore, S. M., Hall, K. L., Keyton, J., Spring, B., Stokols, D., Trochim, W., 
and Uzzi, B.: A multi-level systems perspective for the science of team science, Science Translational Medicine, 2, 
https://doi.org/10.1126/scitranslmed.3001399, 2010. 

Bos, N., Zimmerman, A., Olson, J., Yew, J., Yerkie, J., Dahl, E., and Olson, G.: From Shared Databases to Communities of 450 
Practice: A Taxonomy of Collaboratories, Journal of Computer-Mediated Communication, 12, 652–672, 
https://doi.org/10.1111/j.1083-6101.2007.00343.x, 2007. 

Braimoh, A. K. and Craswell, E. T.: Quantitative Assessment of Interdisciplinarity in Water Science Programs, Water 
Resour Manage, 22, 473–484, https://doi.org/10.1007/s11269-007-9173-0, 2008. 

Bruner, M. W., Eys, M. A., Wilson, K. S., and Côté, J.: Group cohesion and positive youth development in team sport 455 
athletes., Sport, Exercise, and Performance Psychology, 3, 219, https://doi.org/10.1037/spy0000017, 2014. 

del Campo, D. G. D., Villora, S. G., Lopez, L. M. G., and Mitchell, S.: Differences in Decision-Making Development 
between Expert and Novice Invasion Game Players, Percept Mot Skills, 112, 871–888, 
https://doi.org/10.2466/05.10.11.25.PMS.112.3.871-888, 2011. 

Carr, G., Blanch, A. R., Blaschke, A. P., Brouwer, R., Bucher, C., Farnleitner, A. H., Fürnkranz-Prskawetz, A., Loucks, D. 460 
P., Morgenroth, E., Parajka, J., Pfeifer, N., Rechberger, H., Wagner, W., Zessner, M., and Blöschl, G.: Emerging outcomes 
from a cross-disciplinary doctoral programme on water resource systems, Water Policy, 19, 463–478, 
https://doi.org/10.2166/wp.2017.054, 2017. 

Delamont, S., Atkinson, P., and Parry, O.: The Doctoral Experience, Routledge, 297 pp., 2003. 

Eccles, D. W. and Tran, K. B.: Getting Them on the Same Page: Strategies for Enhancing Coordination and Communication 465 
in Sports Teams, Journal of Sport Psychology in Action, 3, 30–40, https://doi.org/10.1080/21520704.2011.649229, 2012. 

https://doi.org/10.5194/hess-2022-85
Preprint. Discussion started: 4 March 2022
c© Author(s) 2022. CC BY 4.0 License.



16 
 

Edwards, M. B.: The role of sport in community capacity building: An examination of sport for development research and 
practice, Sport Management Review, 18, 6–19, https://doi.org/10.1016/j.smr.2013.08.008, 2015. 

European Commission: European Skills Agenda - Employment, Social Affairs & Inclusion - European Commission, 2022. 

Fisher, S. G., Hunter, T. A., and W.D., K.: Team or group? Managers’ perceptions of the differences, Journal of Managerial 470 
Psychology, 12, 232–242, https://doi.org/10.1108/02683949710174838, 1997. 

Forsyth, D. R.: Group Dynamics, 6th ed., Wadsworth Cengage Learning, Belmont, CA, 2014. 

Fransen, K., McEwan, D., and Sarkar, M.: The impact of identity leadership on team functioning and well-being in team 
sport: Is psychological safety the missing link?, Psychology of Sport and Exercise, 51, 101763, 
https://doi.org/10.1016/j.psychsport.2020.101763, 2020. 475 

Funk, D. C. and James, J.: The Psychological Continuum Model: A Conceptual Framework for Understanding an 
Individual’s Psychological Connection to Sport, Sport Management Review, 4, 119–150, https://doi.org/10.1016/S1441-
3523(01)70072-1, 2001. 

Kang, S. and Svensson, P. G.: Shared leadership in sport for development and peace: A conceptual framework of 
antecedents and outcomes, Sport Management Review, 22, 464–476, https://doi.org/10.1016/j.smr.2018.06.010, 2019. 480 

Kinnerk, P., Harvey, S., MacDonncha, C., and Lyons, M.: A Review of the Game-Based Approaches to Coaching Literature 
in Competitive Team Sport Settings, Quest, 70, 401–418, https://doi.org/10.1080/00336297.2018.1439390, 2018. 

Langfred, C. W.: Is Group Cohesiveness a Double-Edged Sword?: An Investigation of the Effects of Cohesiveness on 
Performance, Small Group Research, 29, 124–143, https://doi.org/10.1177/1046496498291005, 1998. 

Lord, F., Pyne, D. B., Welvaert, M., and Mara, J. K.: Methods of performance analysis in team invasion sports: A systematic 485 
review, Journal of Sports Sciences, 38, 2338–2349, https://doi.org/10.1080/02640414.2020.1785185, 2020. 

Lusher, D., Robins, G., and Kremer, P.: The Application of Social Network Analysis to Team Sports, Measurement in 
Physical Education and Exercise Science, Measurement in Physical Education and Exercise Science, 14, 211–224, 
https://doi.org/10.1080/1091367X.2010.495559, 2010. 

Mäkelä, K.: Knowledge Sharing Through Expatriate Relationships: A Social Capital Perspective, International Studies of 490 
Management & Organization, 37, 108–125, https://doi.org/10.2753/IMO0020-8825370305, 2007. 

Milojević, S.: Quantifying the cognitive extent of science, Journal of Informetrics, 9, 962–973, 
https://doi.org/10.1016/j.joi.2015.10.005, 2015. 

Morgan, P. B. C., Fletcher, D., and Sarkar, M.: Developing team resilience: A season-long study of psychosocial enablers 
and strategies in a high-level sports team, Psychology of Sport and Exercise, 45, 101543, 495 
https://doi.org/10.1016/j.psychsport.2019.101543, 2019. 

Musselin, C.: New forms of competition in higher education1, Socio-Economic Review, 16, 657–683, 
https://doi.org/10.1093/ser/mwy033, 2018. 

Natvig, D. and Stark, N.: A Project Team Analysis Using Tuckman’s Model of Small-Group Development, Journal of 
Nursing Education, 55, 675–681, https://doi.org/10.3928/01484834-20161114-03, 2016. 500 

https://doi.org/10.5194/hess-2022-85
Preprint. Discussion started: 4 March 2022
c© Author(s) 2022. CC BY 4.0 License.



17 
 

Nilsson, M., Griggs, D., and Visbeck, M.: Policy: Map the interactions between Sustainable Development Goals, 
Sustainability Science, 534, 320, https://doi.org/10.1038/534320a, 2016. 

O’Meara, K., Griffin, K. A., Kuvaeva, A., Nyunt, G., and Robinson, T. N.: Sense of Belonging and Its Contributing Factors 
in Graduate Education, International Journal of Doctoral Studies, 12, 251–279, 2017. 

Peachey, J. W., Zhou, Y., Damon, Z. J., and Burton, L. J.: Forty Years of Leadership Research in Sport Management: A 505 
Review, Synthesis, and Conceptual Framework, Journal of Sport Management, 29, 570–587, 
https://doi.org/10.1123/jsm.2014-0126, 2015. 

Pescosolido, A. T. and Saavedra, R.: Cohesion and Sports Teams: A Review, Small Group Research, 43, 744–758, 
https://doi.org/10.1177/1046496412465020, 2012. 

Ribeiro, J., Silva, P., Duarte, R., Davids, K., and Garganta, J.: Team Sports Performance Analysed Through the Lens of 510 
Social Network Theory: Implications for Research and Practice, Sports Med, 47, 1689–1696, 
https://doi.org/10.1007/s40279-017-0695-1, 2017. 

Sarmento, H., Anguera, M. T., Pereira, A., and Araújo, D.: Talent Identification and Development in Male Football: A 
Systematic Review, Sports Med, 48, 907–931, https://doi.org/10.1007/s40279-017-0851-7, 2018. 

Silva, A. F., Conte, D., and Clemente, F. M.: Decision-Making in Youth Team-Sports Players: A Systematic Review, 515 
International Journal of Environmental Research and Public Health, 17, 3803, https://doi.org/10.3390/ijerph17113803, 2020. 

Sinclair, A.: Placing self: How might we place ourselves in leadership studies differently?, Leadership, 6, 447–460, 
https://doi.org/10.1177/1742715010379312, 2010. 

Stojanović, E., Stojiljković, N., Scanlan, A. T., Dalbo, V. J., Berkelmans, D. M., and Milanović, Z.: The Activity Demands 
and Physiological Responses Encountered During Basketball Match-Play: A Systematic Review, Sports Med, 48, 111–135, 520 
https://doi.org/10.1007/s40279-017-0794-z, 2018. 

Sundström, E., De Meuse, K. P., and Futrell, D.: Work teams: Applications and effectiveness., American Psychologist, 45, 
120, https://doi.org/10.1037/0003-066X.45.2.120, 1990. 

Taka, M., Verbrugge, L., and Varis, O.: Making Waves: Joining forces for better doctoral education in water research, Water 
Research, 204, 117650, https://doi.org/10.1016/j.watres.2021.117650, 2021. 525 

Thomas, G., Morgan, K., and Mesquita, I.: Examining the implementation of a Teaching Games for Understanding approach 
in junior rugby using a reflective practice design, Sports Coaching Review, 2, 49–60, 
https://doi.org/10.1080/21640629.2013.855000, 2013. 

Thomas, W. E., Brown, R., Easterbrook, M. J., Vignoles, V. L., Manzi, C., D’Angelo, C., and Holt, J. J.: Social 
Identification in Sports Teams: The Role of Personal, Social, and Collective Identity Motives, Pers Soc Psychol Bull, 43, 530 
508–523, https://doi.org/10.1177/0146167216689051, 2017. 

Tuckman, B. W.: Developmental sequence in small groups., Psychological Bulletin, 63, 384, 
https://doi.org/10.1037/h0022100, 1965. 

Tuckman, B. W. and Jensen, M. A. C.: Stages of Small-Group Development Revisited, Group & Organization Studies, 2, 
419–427, https://doi.org/10.1177/105960117700200404, 1977. 535 

https://doi.org/10.5194/hess-2022-85
Preprint. Discussion started: 4 March 2022
c© Author(s) 2022. CC BY 4.0 License.



18 
 

Uhlenbrook, S. and Jong, E. de: T-shaped competency profile for water professionals of the future, Hydrology and Earth 
System Sciences, 16, 3475–3483, https://doi.org/10.5194/hess-16-3475-2012, 2012. 

UNDP: Decentralization: a sampling of definitions, UNDP-Government of Germany Evaluation, 1999. 

United Nations: The United Nations world water development report 2021: valuing water, UNESCO, 2021. 

Valentine, M. A. and Edmondson, A. C.: Team Scaffolds: How Mesolevel Structures Enable Role-Based Coordination in 540 
Temporary Groups, Organization Science, 26, 405–422, https://doi.org/10.1287/orsc.2014.0947, 2015. 

Wallen, K. E., Filbee-Dexter, K., Pittman, J. B., Posner, S. M., Alexander, S. M., Romulo, C. L., Bennett, D. E., Clark, E. C., 
Cousins, S. J. M., Dubik, B. A., Garcia, M., Haig, H. A., Koebele, E. A., Qiu, J., Richards, R. C., Symons, C. C., and Zipper, 
S. C.: Integrating team science into interdisciplinary graduate education: an exploration of the SESYNC Graduate Pursuit, J 
Environ Stud Sci, 9, 218–233, https://doi.org/10.1007/s13412-019-00543-2, 2019. 545 

 

  

https://doi.org/10.5194/hess-2022-85
Preprint. Discussion started: 4 March 2022
c© Author(s) 2022. CC BY 4.0 License.



19 
 

 

 
Figure 1: A visual synthesis of the interpretations of Tuckman’s model (Bird et al., 2011; Cullen and Calitz, 2015; Erenli and 550 
Ortner, 2011; Largent, 2016; Murray and Blackman, 2006; Rickards and Moger, 2000).  
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Figure 2: Examples of the workshop tools for a) setting goals and path towards them, and b) to assess risks on the doctoral thesis 
process. Everyone positioned themselves into the map in (a) in the forming phase, and the output helped to identify the highest 555 
potential for peer learning and support. Mapping in (b) helped the team in storming phase: to acknowledge the risks, their 
likelihood, and to increase joint preparedness for those.  
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Figure 3: Visualization of the six Majakka doctoral students’ journey (N=6). The x axis represents the five-year journey and y axis 560 
the reflection of the emotions: students pointed out key activities, actions, and milestones and graded their effects following Nilsson 
et al.’s (2016) classification: the effects were either positive, i.e. enabling (+1), reinforcing (+2), or indivisible (+3) effect on the 
work and wellbeing. The negative effects were either constraining (-1), counteracting (-2), or cancelling (-3). Each line represents 
one doctoral student, and the circles represent the moment when the COVID19 pandemic started. 
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