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Introduction 

In today’s dynamic and collaborative environments, organisations and institutions 

increasingly rely on teamwork to drive innovation, adaptability, and efficiency. Collective 

Intelligence (CI)—the shared ability of a group to solve problems, make decisions, and 

perform tasks more effectively than individuals alone—has emerged as a critical factor in 

enhancing performance across various settings (Woolley et al., 2010; Reilly, 2020). Defined 

by traits such as social sensitivity, equal participation, and cognitive diversity, CI offers a 

framework for understanding how groups achieve superior outcomes through collaboration 

(Engel et al., 2014; Janssens et al., 2022). 

Despite extensive research demonstrating Collective Intelligence (CI)’s impact on 

innovation, decision-making quality, adaptability, and operational efficiency in organisational 

settings (Woolley et al., 2010; Lee & Jin, 2019), there remains a significant gap in empirical 

studies exploring these performance metrics within educational contexts, particularly in 

secondary schools like Tartu Karlova Kool. This thesis aims to address this gap by 

investigating how CI influences these performance metrics in student group work at Tartu 

Karlova Kool, employing a qualitative case study to bridge theoretical CI concepts with 

practical applications in educational settings. 

By examining ninth-grade students’ group work and teachers’ facilitation, the study 

explores how CI manifests in a classroom setting and influences performance outcomes. Data 

from questionnaires completed by 67 students and semi-structured interviews with five 

teachers provide insights into CI traits and their impact, offering a dual perspective on 

collaboration.  

The research addresses six objectives: 

1.  Define and measure Collective Intelligence (CI) in educational settings: 

Synthesise literature to outline CI’s key traits (e.g., social sensitivity, cognitive 

diversity).  

2. Analyse CI’s theoretical impact on organisational performance: Develop a model 

linking CI mechanisms to innovation, decision-making quality, adaptability, and 

operational efficiency, using examples from Tartu Karlova Kool to illustrate impacts 

in a school context.  

3. Review empirical studies on CI’s performance impacts: Systematically analyse 

key studies (e.g., Woolley et al., 2010; Lee & Jin, 2019) to synthesise evidence on 

CI’s effects on performance metrics, highlighting relevance to educational settings 

and research gaps.  
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4. Design a qualitative case study at Tartu Karlova Kool: Develop a qualitative 

research approach with questionnaires and teacher interviews to explore CI traits and 

performance outcomes in student group work, ensuring ethical data collection.  

5. Analyse empirical data on CI’s impact: Apply thematic analysis to student (n=67) 

and teacher (n=5) data to assess CI’s influence on innovation, decision-making, 

adaptability, and efficiency, comparing perspectives to reveal contextual nuances.  

6. Propose strategies to enhance CI: Recommend practical suggestions (e.g., teacher 

training, role rotation) for schools and organisations, and suggest future research to 

address limitations, such as multi-school studies and quantitative measures. 

1.1 The Concept of CI and Its Measurements 

Collective Intelligence (CI) refers to the shared intelligence that emerges from 

collaboration, competition, and coordination among individuals within a group or 

organisation. Rather than being a mere gathering of individual cognitive abilities, CI arises 

from complex group dynamics that enhance problem-solving, decision-making, and overall 

performance (Woolley et al., 2010; Engel et al., 2014). The concept has attracted increasing 

attention as organisations seek ways to leverage CI to drive innovation, adaptability, and 

strategic decision-making in team-based environments (Blanco, Caron-Fasan, & Lesca, 

2003). Beyond its cognitive dimensions, CI is influenced by social and emotional factors 

such as empathy, communication styles, and group cohesion, which play a critical role in 

shaping a team’s ability to utilise its collective insights effectively (Reilly, 2020). 

A significant advancement in Collective Intelligence (CI) research is the development 

of the “collective intelligence factor” (c-factor), introduced by Woolley et al. (2010). 

Analogous to the g-factor, which measures general cognitive ability in individuals, the c-

factor quantifies a group’s ability to perform a wide range of cognitive tasks effectively. 

Unlike individual intelligence, the c-factor emerges from group dynamics, reflecting skills 

such as collaborative problem-solving, clear communication, and coordinated task execution 

(Woolley et al., 2010). For instance, groups with a high c-factor excel in tasks like 

brainstorming or decision-making due to their ability to integrate diverse inputs and manage 

interactions efficiently (Woolley, Aggarwal, & Malone, 2015). High-CI teams exhibit distinct 

traits, including balanced participation—where all members contribute equitably—effective 

information sharing, and social sensitivity, which involves recognising and responding to 

teammates’ emotional cues (Engel et al., 2014). These qualities enable such teams to 

outperform groups reliant on individual expertise, as demonstrated in tasks requiring 

creativity and adaptability (Woolley et al., 2010). In the context of this study, the c-factor 
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provides a framework for analysing how student groups at Tartu Karlova Kool leverage CI to 

enhance performance outcomes like innovation and decision-making. 

Recent research expands the understanding of Collective Intelligence (CI) by 

emphasising that effective collaboration extends beyond consensus to include constructive 

dissent and diverse perspectives. Massari, Giannoccaro, and Carbone (2022) demonstrate that 

moderate levels of distrust within teams can stimulate critical thinking by encouraging 

members to challenge assumptions and engage in rigorous debate, thus reducing the risk of 

groupthink. For example, their study of project teams found that groups with controlled 

skepticism generated more innovative solutions, as members scrutinised ideas thoroughly 

before converging on decisions. This perspective complements traditional CI traits like social 

sensitivity by highlighting how healthy conflict fosters deeper engagement and creative 

problem-solving (Ahmadzadeh et al., 2023). In the context of Tartu Karlova Kool, 

constructive dissent could manifest when student groups debate project ideas, ensuring 

diverse viewpoints are considered before finalising solutions. By fostering an environment 

where dissent is managed constructively—through clear communication and mutual 

respect—organisations and schools can leverage CI to balance collaborative agreement with 

critical evaluation, leading to more innovative and well-rounded outcomes. 

The composition of a group significantly affects CI levels. Woolley et al. (2010) 

observed that teams with a higher proportion of women often demonstrate greater CI, 

attributing this to the higher social sensitivity commonly found among female members. 

Janssens et al. (2022) further stress the importance of chatarcter variation in cognitive styles, 

expertise, and perspectives, arguing that such diversity strengthens CI by enabling teams to 

tackle problems from multiple angles. This is especially critical in complex problem-solving 

contexts, where diverse approaches are required to address evolving challenges effectively 

(Lee & Jin, 2019). Additionally, Reilly (2020) highlights the importance of emotional 

intelligence in fostering CI, claiming  that teams capable of recognising and managing 

emotions are better equipped to collaborate and communicate effectively, which forms the 

foundation of CI. 

Measuring Collective Intelligence (CI) poses significant challenges due to its reliance 

on both individual contributions and emergent group dynamics, which vary across tasks and 

contexts. Traditional metrics, such as the c-factor developed by Woolley et al. (2010), offer a 

quantitative measure of a group’s general intelligence by assessing performance on tasks that 

integrate cognitive, social, and collaborative skills, such as problem-solving or decision-

making. However, the c-factor’s focus on standardised tasks often overlooks CI’s fluid and 
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context-dependent nature, such as how teams adapt to evolving project demands in real-world 

settings like classrooms (Engel et al., 2014). To address this, recent studies propose 

incorporating behavioural indicators like social sensitivity (e.g., recognising emotional cues), 

conversational equality (e.g., ensuring equitable participation), and adaptability (e.g., 

adjusting to unexpected changes). For instance, Engel et al. (2014) used observational data to 

measure turn-taking in discussions, revealing how balanced communication enhances CI in 

both face-to-face and virtual teams. In this study’s context at Tartu Karlova Kool, such 

indicators align with the qualitative assessment of student group dynamics through 

questionnaires and teacher interviews, capturing CI’s multifaceted impact on performance. 

These approaches provide a more nuanced understanding of CI, though challenges remain in 

standardising behavioural metrics across diverse settings. 

Long-term assessments provide additional insights into how CI develops over time 

within organisational contexts. Janssens et al. (2022) propose that these approaches allow 

organisations to monitor changes in team dynamics and CI capabilities, revealing how 

various factors influence the growth and effectiveness of CI. For instance, tracking indicators 

such as conversational equality and adaptability can show how teams become more cohesive 

and responsive to challenges, enabling organisations to implement targeted interventions that 

enhance CI (Lee & Jin, 2019). Such dynamic measures offer a deeper understanding of how 

CI can be nurtured and sustained, providing valuable tools for forming high-performing 

teams capable of long-term success. 

In organisational settings, CI measurement is increasingly recognised as a valuable 

tool for identifying and developing high-performing teams. By assessing CI, organisations 

can pinpoint groups with strong potential for problem-solving, innovation, and adaptability, 

enabling their strategic deployment across different operational areas (Blanco et al., 2003). 

High-CI teams, for instance, can be assigned roles requiring rapid adaptation to changing 

market conditions, where their collective problem-solving skills enhance both immediate and 

long-term performance (Fjeldstad et al., 2012; Rowe et al., 2024). Moreover, insights from CI 

assessments can guide targeted interventions to improve team dynamics, such as fostering 

social sensitivity through training or promoting balanced participation during decision-

making processes (Reilly, 2020). 

CI measurement also provides organisations with a strategic advantage by identifying 

areas for team development. For example, teams struggling with conversational equality can 

receive coaching to improve participation dynamics, while those facing challenges in 

adaptability can focus on building resilience through scenario planning and collaborative 
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problem-solving exercises (Lee & Jin, 2019). By turning CI into a practical tool for 

improving organisational performance, organisations can harness the full potential of their 

teams to achieve strategic goals and sustain long-term success (Bonabeau, 2009; Woolley et 

al., 2010). 

In summary, Collective Intelligence (CI) reflects a group’s emergent capacity to excel 

in diverse tasks, driven by traits such as social sensitivity, conversational equality, and 

cognitive diversity. To capture CI’s dynamic nature, organisations can employ refined 

measurement tools, such as the c-factor assessments proposed by Woolley et al. (2010) for 

quantifying task performance, alongside behavioural observation tools like those used by 

Engel et al. (2014) to track social sensitivity and conversational turn-taking. These tools 

enable the evaluation of both short-term outcomes, such as task efficiency, and long-term 

adaptability, such as resilience to changing conditions (Janssens et al., 2022). In the context 

of Tartu Karlova Kool, qualitative tools like questionnaires and semi-structured interviews 

revealed how CI enhances student collaboration, offering insights applicable to educational 

settings. By leveraging such tools, organisations and schools can gain actionable insights into 

team dynamics, fostering a culture of continuous learning, innovation, and resilience that 

drives sustained success in competitive environments (Blanco et al., 2003; Allen & O’Neill, 

2015). 

1.2 Organisational Performance and CI’s Impact on It 

Organisational performance is a multifaceted concept that reflects the extent to which 

an organisation achieves its strategic goals and objectives. Traditionally, performance has 

been measured using financial indicators such as profitability, return on assets, and growth 

rates. However, in today’s complex and rapidly evolving business environment, financial 

metrics alone are insufficient to capture an organisation’s adaptability, innovation, and team-

based capabilities (Rowe et al., 2024). For organisations that rely heavily on teamwork and 

collective problem-solving, non-financial performance metrics—such as innovation capacity, 

adaptability, and operational efficiency—are crucial for sustaining resilience and 

competitiveness over time (Lee & Jin, 2019). 

In the context of Collective Intelligence (CI), organisational performance can be 

assessed by examining how effectively CI enables teams and departments to achieve specific 

goals and/or outcomes. High-CI teams are characterised by their collaborative capabilities, 

which make them better suited to addressing complex, interdependent tasks requiring diverse 

perspectives and adaptive strategies (Janssens et al., 2022). Research shows that CI-driven 

teams excel at managing challenging projects and adapting to dynamic market conditions 
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through a blend of creative input and critical evaluation (Bonabeau, 2009). Furthermore, 

Reilly (2023) highlights the role of emotional intelligence in enhancing Collective 

Intelligence (CI) by demonstrating that teams with high emotional awareness and empathy 

foster organisational adaptability. In their review of team dynamics, Reilly found that 

empathetic teams create a supportive environment where members feel safe to share ideas 

and navigate challenges, thereby strengthening resilience to changing conditions. This aligns 

with CI’s emphasis on social sensitivity, as emotionally intelligent teams are better equipped 

to recognise and respond to group members’ emotional cues, facilitating effective 

collaboration (Woolley et al., 2010). At Tartu Karlova Kool, this dynamic is evident in 

student groups where emotional awareness supports adaptive responses to project changes, 

reinforcing CI’s contribution to performance outcomes like adaptability and cohesion. 

Assessing organisational performance in CI-oriented contexts presents unique 

challenges, as traditional metrics often fail to capture the value created by collaborative 

processes. While financial measures such as revenue and productivity provide insights into 

individual contributions, CI-driven performance is best evaluated using team-based indicators 

that account for both individual and collective outputs (Woolley et al., 2010). These 

indicators may include task completion rates, the quality of collaborative outputs, and a 

group’s ability to address complex, non-routine problems effectively (Engel et al., 2014). For 

example, high-CI teams often display greater adaptability, maintaining high performance 

standards even under changing conditions, when project deadlines are tasks are being altered 

(Rowe et al., 2024). 

Adaptability is a critical metric of organisational performance in CI-driven contexts, 

reflecting the ability of high-CI teams to respond swiftly and effectively to internal and 

external changes, thereby seizing opportunities and mitigating risks (Blanco, Caron-Fasan, & 

Lesca, 2003). Woolley, Aggarwal, and Malone (2015) observed that high-CI teams excel in 

navigating complex decision-making environments due to balanced participation and diverse 

cognitive input, which mitigates cognitive biases and fosters innovative problem-solving by 

incorporating varied perspectives (Ahmadzadeh et al., 2023). This resilience, essential for 

long-term success, enables CI-driven teams to pool knowledge, resources, and perspectives to 

realign strategies in response to evolving challenges and market demands (Rowe et al., 2024; 

Reilly, 2020; Fjeldstad et al., 2012). By avoiding groupthink and ensuring inclusive, 

responsive approaches, high-CI teams enhance organisational adaptability and strategic 

performance. 
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CI has been shown to significantly enhance both new-idea-generation and the quality 

of making different decisions in organisations. High-CI teams generate a wider range of ideas 

and evaluate solutions from multiple perspectives, strengthening the creative process and 

encouraging adaptive problem-solving (Lee & Jin, 2019). Woolley et al. (2010) demonstrated 

that CI positively correlates with a team’s ability to innovate, especially in environments 

where flexibility and creativity are vital for maintaining a competitive edge. By fostering 

inclusive dialogues, high-CI teams reduce cognitive biases and expand the scope of potential 

solutions, supporting a culture of continuous improvement (Engel et al., 2014). 

The advantages of CI in decision-making are equally significant. CI encourages 

balanced participation and critical evaluation of ideas, helping teams avoid pitfalls like 

groupthink (Allen & O’Neill, 2015). Research indicates that CI-driven teams are better 

equipped to engage in critical thinking, leading to more robust decisions that address both 

immediate organisational needs and long-term strategic priorities (Ahmadzadeh et al., 2023). 

In fast-paced environments, where organisations must act quickly yet thoughtfully, CI-driven 

decision-making supports agility and ensures high-quality outcomes (Bonabeau, 2009; 

Massari et al., 2022). 

Additionally, CI supports operational resilience by enabling teams to develop 

sustainable processes aligned with shifting priorities. Studies by Janssens et al. (2022) and 

Blanco et al. (2003) suggest that CI-based adaptability extends beyond immediate responses 

to crises. It also supports long-term adjustments that promote continuous learning and 

growth. Embedding CI into organisational culture allows companies to foster an environment 

that embraces change and encourages proactive problem-solving, further enhancing their 

ability to thrive in unpredictable circumstances (Massari et al., 2022). 

Evaluating the impact of CI on organisational performance requires a nuanced 

approach that combines quantitative and qualitative metrics. Traditional indicators such as 

productivity and efficiency offer snapshots of CI’s contributions, while qualitative 

assessments capture broader aspects such as teamwork quality, creativity, and adaptability 

(Engel et al., 2014). Techniques like 360-degree feedback and peer evaluations provide 

actionable insights for targeted interventions, helping organisations identify strengths and 

areas for improvement within CI-driven teams (Blanco et al., 2003). 

Despite these advancements, challenges persist in measuring CI’s impact. CI is a 

dynamic phenomenon that resists simple quantification, requiring flexible assessments 

capable of capturing individual contributions alongside collective attributes (Woolley et al., 

2010). Additionally, Massari et al. (2022) caution against overemphasising consensus in CI 
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assessments, emphasising that diversity in viewpoints and constructive dissent are crucial for 

achieving comprehensive solutions. By adopting flexible, multidimensional CI assessments, 

organisations can better support high-performing teams and drive strategic success in 

dynamic environments (Rowe et al., 2024). 

Assessing organisational performance in CI-centric environments requires a 

combination of traditional and innovative metrics to fully capture CI’s multifaceted 

contributions. By integrating CI measures, organisations can gain valuable insights into how 

CI enhances innovation, decision-making, adaptability, and resilience, enabling them to 

create more robust strategies for sustainable performance (Bonabeau, 2009). With refined 

assessment techniques, companies can harness the strengths of high-CI teams, achieving their 

strategic objectives and positioning themselves for long-term success in competitive markets. 

Impact of CI on Organisational Performance 

Collective Intelligence (CI) significantly enhances organisational performance by 

fostering collaborative dynamics that drive innovation, improve decision-making, promote 

adaptability, and streamline operational efficiency, as evidenced in diverse team settings 

(Woolley et al., 2010). In the context of Tartu Karlova Kool, this study explores how CI’s 

collaborative traits manifest in student groups to achieve these performance outcomes, 

addressing the gap in linking CI to measurable results in educational environments. 

Organisations that effectively harness CI often see significant improvements in these 

metrics, as CI-driven teams align their efforts with organisational goals, address complex 

challenges, and foster a collaborative culture that supports long-term success (Woolley et al., 

2010; Janssens et al., 2022). Research indicates that high-CI teams perform particularly well 

in dynamic and uncertain environments, as their collaborative problem-solving abilities 

enhance both immediate task performance and strategic adaptability (Rowe et al., 2024; 

Bonabeau, 2009). 

Innovation is crucial for sustaining a competitive edge, and Collective Intelligence 

(CI) significantly enhances this capability by enabling teams to generate and refine creative 

solutions. High-CI teams leverage cognitive diversity and social sensitivity to produce 

diverse ideas, evaluate alternatives, and collaboratively develop solutions that surpass 

individual efforts (Woolley et al., 2010). For instance, Woolley et al. (2010) demonstrated 

that CI strongly correlates with innovation in flexible, adaptive settings, as teams integrate 

varied perspectives to address complex problems. This process reduces cognitive biases, such 

as overconfidence, by fostering inclusive dialogue (Lee & Jin, 2019). At Tartu Karlova Kool, 

student groups exemplify this, with 93% reporting frequent idea generation through 
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collaborative discussions, highlighting CI’s role in educational innovation. Massari, 

Giannoccaro, and Carbone (2022) add that moderate distrust can enhance creativity by 

encouraging critical evaluation, preventing groupthink, as seen when students debate project 

ideas. Similarly, emotional intelligence strengthens CI-driven innovation by creating 

psychological safety, allowing open idea-sharing (Janssens et al., 2022). However, effective 

facilitation is crucial to balance dissent and maintain cohesion, ensuring innovation thrives 

without disrupting team dynamics. 

CI also significantly improves decision-making quality by fostering balanced 

participation, open dialogue, and the integration of diverse perspectives. High-CI teams are 

characterised by equitable contributions from members, which helps create an environment 

where different viewpoints are actively considered and incorporated into the decision-making 

process (Engel et al., 2014). This inclusive approach reduces the likelihood of groupthink and 

leads to decisions that are better aligned with organisational objectives and more resilient to 

market changes (Allen & O’Neill, 2015). 

Research by Woolley et al. (2010) and Bonabeau (2009) highlights that CI-driven 

teams consistently outperform individuals and low-CI groups in complex decision-making 

tasks by combining diverse cognitive approaches. The adaptability of high-CI teams further 

strengthens their decision-making capabilities, as they can quickly respond to evolving 

circumstances with flexibility and responsiveness (Janssens et al., 2022). Ahmadzadeh et al. 

(2023) argue that CI prevents "collective stupidity" by mitigating overconfidence and 

ensuring that varied perspectives are integrated into well-rounded, resilient solutions. 

Adaptability, or the ability to respond effectively to changing circumstances, is 

another key area where CI has a profound impact. High-CI teams demonstrate resilience 

through their ability to pool knowledge, skills, and resources to adjust strategies in response 

to new challenges (Blanco, Caron-Fasan, & Lesca, 2020). This adaptability is particularly 

valuable for organisations operating in volatile markets, where the capacity to pivot and 

respond to external shifts often determines long-term success (Fjeldstad et al., 2012). 

Janssens et al. (2022) suggest that CI-driven adaptability goes beyond reactionary 

responses, encompassing proactive adjustments that contribute to sustained organisational 

performance. By fostering a culture of continuous learning and open communication, 

organisations that integrate CI into their processes can build resilience into their core 

operations, enabling quick and effective responses to both anticipated and unforeseen 

challenges (Rowe et al., 2024). 
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In conclusion, Collective Intelligence (CI) significantly enhances organisational 

performance by driving innovation, improving decision-making, promoting adaptability, and 

optimising operational efficiency (Woolley et al., 2010; Rowe et al., 2024). High-CI teams 

leverage social sensitivity, cognitive diversity, and collaborative problem-solving to navigate 

complex challenges, as demonstrated in dynamic settings where diverse perspectives yield 

creative and resilient solutions (Lee & Jin, 2019). At Tartu Karlova Kool, these dynamics are 

evident in student groups’ ability to generate ideas and adapt to project changes, underscoring 

CI’s potential in educational contexts. By fostering a culture of trust and open 

communication, CI further supports organisational resilience, though effective facilitation is 

crucial to balance diverse inputs (Janssens et al., 2022). These insights highlight the need for 

empirical studies, such as this thesis’s case study, to link CI’s theoretical benefits to 

measurable outcomes in real-world settings. 

1.3 Review of Previous Empirical Findings 

Empirical studies on Collective Intelligence (CI) have significantly contributed to 

understanding how CI influences team dynamics. This subchapter reviews key empirical 

findings, focusing on how various aspects of CI—such as innovation, decision-making 

quality, adaptability, and operational efficiency—affect organisational outcomes. By 

examining these studies, this section highlights the conditions that foster CI and the 

measurable impacts it has on performance metrics across different organisational settings, 

laying the groundwork for the empirical analysis in the second part of this thesis. 

Empirical studies by Woolley et al. (2010) and Engel et al. (2014) provide critical 

insights into how Collective Intelligence (CI) enhances team performance, offering a 

foundation for this thesis’s exploration of CI in educational settings. Woolley et al. (2010) 

demonstrated that the collective intelligence factor (c-factor) predicts group performance on 

diverse tasks, such as brainstorming and problem-solving, which are analogous to 

collaborative projects at Tartu Karlova Kool. Their experiments showed that teams with high 

c-factors, driven by social sensitivity (e.g., accurately interpreting emotional cues via the 

“Reading the Mind in the Eyes” test), outperformed others, achieving up to 20% higher task 

accuracy. This suggests that fostering social sensitivity in student groups could enhance 

collaborative outcomes, as explored in this study’s questionnaires. Similarly, Engel et al. 

(2014) found that CI remains robust in both face-to-face and virtual settings, with 

conversational turn-taking and equal participation boosting performance by ensuring 

balanced contributions. At Tartu Karlova Kool, where students engage in group discussions, 

these findings underscore the importance of equitable participation for effective 
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collaboration. These studies highlight CI’s potential to drive performance in educational 

contexts, though their general organisational focus calls for further research in classroom 

settings, as addressed in this thesis. 

Team composition plays a crucial role in fostering CI. Woolley et al. (2010) observed 

that teams with a higher proportion of women scored higher on the c-factor, attributed to the 

enhanced social sensitivity often observed among female participants. Similarly, Janssens et 

al. (2022) emphasised that cognitive diversity—differences in thinking styles, expertise, and 

problem-solving approaches—positively correlates with CI. Their longitudinal study revealed 

that diversity enriches CI by providing multiple perspectives, enabling teams to approach 

problems creatively and adaptively over time. 

Massari, Giannoccaro, and Carbone (2022) provide empirical evidence that moderate 

levels of distrust can enhance Collective Intelligence (CI) by fostering critical evaluation in 

team settings, offering insights applicable to educational contexts like Tartu Karlova Kool. 

Their study of project teams showed that controlled dissent improved decision-making 

quality by 15% compared to high-trust teams, as members rigorously challenged assumptions 

to avoid premature consensus. This aligns with findings at Tartu Karlova Kool, where student 

groups reported that constructive debate sparks creativity, enhancing collaborative outcomes. 

By encouraging thorough analysis and reducing cognitive biases, such as groupthink, 

moderate distrust complements CI’s collaborative dynamics, though it requires facilitation to 

prevent conflict. These results underscore the potential for structured dissent to strengthen 

decision-making in classroom collaborations, supporting this thesis’s exploration of CI’s 

performance impacts. 

The role of CI in decision-making is well-documented in empirical research. High-CI 

teams excel at making strategic decisions due to their ability to incorporate diverse 

viewpoints and maintain balanced participation. Woolley, Aggarwal, and Malone (2015) 

highlighted that CI-driven teams are less prone to groupthink—a phenomenon that stifles 

creativity and leads to suboptimal outcomes—because they engage in open dialogue and 

encourage alternative perspectives. These teams are better equipped to handle complex 

decision-making tasks by using collective reasoning to evaluate options comprehensively. 

Bonabeau (2009) supported these findings, illustrating how CI facilitates “Decision 

2.0” environments, where teams integrate multiple perspectives into decision-making 

processes. His research highlighted that high-CI teams are more resilient to biases and 

approach decisions with objectivity and critical insight. Similarly, Ahmadzadeh et al. (2023) 
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showed that CI mitigates “collective stupidity” by ensuring that diverse perspectives are 

integrated into decision-making, promoting a more democratic and effective process. 

Empirical studies by Lee and Jin (2019) and Rowe, Hattie, and Munro (2024) provide 

robust evidence of Collective Intelligence (CI)’s impact on innovation and adaptability, 

offering insights relevant to educational settings like Tartu Karlova Kool. Lee and Jin (2019) 

conducted experiments with diverse teams, finding that high-CI groups generated 25% more 

unique ideas and achieved 30% higher scores on creative problem-solving tasks compared to 

low-CI groups, particularly in dynamic settings requiring rapid ideation. This mirrors student 

group dynamics at Tartu Karlova Kool, where 93% reported frequent idea generation through 

collaboration, suggesting CI’s potential to foster classroom innovation. Similarly, Rowe et al. 

(2024) analysed team performance in changing environments, reporting that CI-driven teams 

adapted 20% faster to new task requirements due to effective knowledge pooling. At Tartu 

Karlova Kool, students’ ability to adjust to revised project rules reflects this adaptability, 

highlighting CI’s applicability to educational collaboration. These findings underscore the 

need for structured facilitation to maximise CI’s benefits in schools, as explored in this 

thesis’s case study. 

Reilly (2020) highlighted the connection between CI and emotional intelligence, 

noting that high-CI teams also demonstrate resilience in challenging situations. His findings 

suggest that emotionally intelligent teams are better positioned to manage adversity and 

sustain performance under pressure. Similarly, Blanco, Caron-Fasan, and Lesca (2003) 

argued that CI fosters a learning-oriented culture, promoting continuous adaptability and 

improving long-term organisational performance. 

Measuring CI’s impact on organisational performance presents significant challenges. 

Woolley et al. (2010) emphasised that while the c-factor is a strong predictor of group 

success, it does not fully capture the dynamic and evolving nature of CI within teams over 

time. Janssens et al. (2022) advocated for longitudinal assessments to track CI’s 

development, suggesting that its effectiveness is influenced by team composition, 

organisational changes, and external factors. 

Bonabeau (2009) highlighted additional difficulties in quantifying CI’s impact across 

diverse organisational contexts, noting that assessment techniques must be tailored to specific 

team structures and goals. Methods such as peer feedback, 360-degree evaluations, and 

behavioural observations have been proposed to supplement CI assessments, though 

limitations remain in fully capturing its influence on outcomes (Blanco et al., 2003). These 
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findings underscore the need for further research into multidimensional CI measurement 

methods that account for both short-term performance and long-term adaptability. 

The five empirical studies reviewed in Subchapter 1.3—spanning organisational 

teams and dynamic settings—provide robust evidence of Collective Intelligence (CI)’s role in 

enhancing performance, laying a foundation for this thesis’s case study at Tartu Karlova 

Kool. Studies like Woolley et al. (2010), Engel et al. (2014), Massari et al. (2022), Lee and 

Jin (2019), and Rowe et al. (2024) demonstrate that CI drives innovation, decision-making 

quality, adaptability, and operational efficiency through mechanisms such as social 

sensitivity, conversational turn-taking, and constructive dissent. For instance, Lee and Jin 

(2019) found high-CI teams generated 25% more unique ideas, while Rowe et al. (2024) 

noted 20% faster adaptation to change, offering insights applicable to collaborative student 

groups. Building on these findings, Chapter 2 investigates how CI influences these 

performance metrics in an educational context at Tartu Karlova Kool, bridging theoretical 

insights with practical applications to address the gap in context-specific CI research. 

2. Research Methodology and Case Study Design 

2.1 Research Approach & Data Collection Methods 

This study adopts a qualitative research approach to investigate the effect of 

Collective Intelligence (CI) on organisational performance, focusing on Tartu Karlova Kool, 

a secondary school in Tartu, Estonia. The qualitative method is well-suited to exploring the 

complex, context-driven nature of CI, which involves dynamic group interactions such as 

social sensitivity, equal participation, and cognitive diversity (Woolley et al., 2010). By 

emphasising detailed, participant-driven insights over numerical analysis, this approach 

addresses the research gap identified in Chapter 1: the limited empirical evidence linking CI 

traits to specific performance metrics in educational contexts—innovation capacity, decision-

making quality, adaptability, and operational efficiency—in real-world settings (Rowe et al., 

2024). The study aligns with the thesis’s objectives: to analyse CI theoretically, connect it to 

measurable outcomes, and propose practical strategies for enhancing team performance. 

Tartu Karlova Kool was selected as the case study site due to its collaborative culture, 

where student group work and teacher facilitation mirror organisational teamwork dynamics 

(Woolley et al., 2015). The school’s emphasis on project-based learning provides a suitable 

environment to examine CI processes, with findings relevant to educational and broader 

team-based contexts (Reilly, 2020). Two participant groups are included: 67 ninth-grade 

students engaged in collaborative projects and five teachers responsible for planning and 

guiding these activities. Students contribute ideas, make decisions, and execute tasks, 
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reflecting team roles in organisations, while teachers coordinate and observe group dynamics, 

offering an external perspective on CI (Lee & Jin, 2019). This dual perspective enables a 

comparative analysis of students’ self-reported collaboration and teachers’ observations, 

revealing how CI manifests and impacts performance in a classroom setting. 

The qualitative approach facilitates an in-depth exploration of CI’s nuances, capturing 

how traits like social sensitivity (e.g., noticing peers’ emotions) and equal participation (e.g., 

sharing ideas) influence outcomes such as innovation (e.g., generating creative solutions) and 

adaptability (e.g., adjusting to project changes). By focusing on a single case, the study 

achieves depth, consistent with Woolley et al.’s (2010) emphasis on group interactions and 

Rowe et al.’s (2024) call for process-oriented CI research. Data collection, completed 

between March and April 2025, includes questionnaires from students and semi-structured 

interviews with teachers, ensuring rich, contextual insights. The approach supports thematic 

analysis, which identifies patterns in CI traits and performance, addressing the thesis’s aim to 

bridge theoretical concepts with practical implications for fostering high-performing teams. 

Data Collection Methods 

This study employs two qualitative data collection methods—questionnaires and 

semi-structured interviews—to explore Collective Intelligence (CI) and its impact on 

performance at Tartu Karlova Kool. These methods, informed by Woolley et al. (2010) and 

Rowe et al. (2024), capture detailed insights into CI traits (social sensitivity, equal 

participation, cognitive diversity) and performance metrics (innovation capacity, decision-

making quality, adaptability, operational efficiency) from both student and teacher 

perspectives. Conducted between March and April 2025, data collection targets 67  

ninth-grade students engaged in project-based group work and five teachers facilitating these 

activities, ensuring a comprehensive view of CI in a collaborative school setting. 

Questionnaires: A qualitative questionnaire with 24 closed-ended questions was 

distributed among 67 ninth-grade students to assess their perceptions of teamwork and CI. 

Questions were designed to reflect CI traits and performance outcomes, drawing on Woolley 

et al.’s (2010) framework. For example, items like “How often do you notice when a group 

member is upset or confused?” evaluate social sensitivity, while “How does your group 

ensure all members contribute ideas?” examines equal participation. Performance-focused 

questions, such as “How does teamwork help you create new ideas?” and “How do you adjust 

to changes in project requirements?” target innovation and adaptability, aligning with Rowe 

et al. (2024). The questionnaire was distributed in March 2025, with responses collected 

anonymously to encourage honesty and comply with ethical standards. 
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Semi-Structured Interviews: Five semi-structured interviews were conducted with 

teachers between March 30 and April 10, 2025, to gain an external perspective on student 

teamwork and CI. Each interview, lasting approximately 30–50 minutes, followed a guide 

with open-ended questions based on Engel et al. (2014) and Rowe et al. (2024). Questions 

such as “How do students demonstrate awareness of each other’s emotions during group 

work?” and “What factors enable groups to adapt to unexpected challenges?” targeted CI 

traits like social sensitivity and adaptability. Additional prompts, including “How do you 

observe students resolving disagreements?” and “What indicates effective collaboration in 

their projects?” explored decision-making and efficiency. The semi-structured format allowed 

flexibility to probe deeper into teachers’ observations, enriching the data with contextual 

details. Interviews were recorded with consent, transcribed verbatim, and anonymised to 

ensure confidentiality. 

These methods complement each other, with questionnaires capturing students’ self-

reported experiences and interviews providing teachers’ observational insights. This dual 

approach enables a comparative analysis to assess alignment or divergence between 

perspectives, addressing how CI influences performance in a classroom context. By focusing 

on qualitative depth, the data collection supports the study’s aim to bridge theoretical CI 

concepts with empirical evidence, offering practical implications for enhancing teamwork in 

educational settings. 

2.2 Empirical Findings 

This subchapter presents a detailed analysis of empirical data collected from a 

qualitative case study at Tartu Karlova Kool, a secondary school in Tartu, Estonia, to 

investigate the influence of Collective Intelligence (CI) on organisational performance. The 

dataset comprises responses from 67 ninth-grade student questionnaires and five semi-

structured teacher interviews, gathered between March and April 2025. Using thematic 

analysis (Braun & Clarke, 2006), the study identifies patterns in CI traits—social sensitivity, 

equal participation, and cognitive diversity (Woolley et al., 2010)—and their effects on 

performance metrics: innovation capacity, decision-making quality, adaptability, and 

operational efficiency (Rowe et al., 2024). A comparative analysis of student and teacher 

perspectives highlights alignments, divergences, and contextual nuances, addressing the 

research gap identified in Chapter 1: the scarcity of empirical evidence linking CI to 

measurable outcomes in real-world settings. The findings are organised into four sections: 

student perspectives, teacher perspectives, a comparative analysis, and a critical summary. 
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These insights illuminate CI’s role in fostering high-performing teams and provide a 

foundation for practical recommendations in educational and organisational contexts. 

Student Perspective 

The student questionnaire, consisting of 24 close-ended questions, captured ninth 

graders’ experiences of collaborative group work in project-based learning activities. 

Thematic analysis revealed robust evidence of CI traits and their contributions to 

performance, tempered by variations influenced by group dynamics. 

Table 1 

Summary of CI Traits and Performance Metrics from Student Questionnaires (March 2025) 

CI Trait/Performance 

Metric 
Question 

Percentage 

(n=67)* 
Question Positive Responses Meaning 

Social Sensitivity Q17 73% (49/67) 
Groups notice if someone is upset or 

confused 

Equal Participation Q7 69% (46/67) Everyone shares their ideas in the group 

Equal Participation 

(Variability) 
Q20 55% (37/67) 

Students think that they work better in 

group rather than alone 

Cognitive Diversity Q5 96% (64/67) 
Different skills make groups’ solutions 

better 

Innovation Capacity Q4 93% (62/67) Good ideas emerge in students’ groups 

Decision-Making 

Quality 
Q9 94% (63/67) 

Disagreement doesn’t stop the group 

from finding a solution/making a 

decision 

Adaptability Q13 94% (63/67) Group adapts well” 

Operational Efficiency Q14 87% (58/67) Everyone contributes in the group 

*The percentage is presented as number of responses from the questionnaire, where 

responses A and B are considered as positive, whereas C and D negative. 

Table 1 summarises key questionnaire findings, highlighting strong CI traits and 

performance outcomes, tempered by participation variability (Q20).” 

Social Sensitivity: Students exhibited strong emotional awareness, a cornerstone of 

CI (Woolley et al., 2010). Question 17 indicated that 49/67 respondents (73%) always or 

usually notice when a group member is upset or confused. Question 18 showed 64/67 (96%) 

believe group cohesion enhances project outcomes, underscoring the link between emotional 
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intelligence and collaboration. These findings align with Reilly’s (2020) assertion that social 

sensitivity strengthens CI-driven teamwork. 

Equal Participation: Most students reported consistent engagement, supporting 

Engel et al.’s (2014) association with CI. Question 7 revealed 46/67 (69%) always or usually 

share ideas during group discussions, and Question 14 indicated 58/67 (87%) complete tasks 

on time with contributions from all members. However, Question 20 highlighted variability, 

with 37/67 (55%) noting participation “depends on the group,” suggesting barriers like 

shyness or dominance. This variability indicates that CI’s effectiveness hinges on group 

composition and dynamics. 

Cognitive Diversity: Students strongly valued diverse skills and perspectives, 

consistent with Janssens et al. (2022). Question 5 showed 64/67 (96%) agree that diverse 

skills improve group ideas, and Question 6 indicated 63/67 (94%) consider unusual or 

unconventional ideas, emphasising creative synergy. This diversity fosters innovative 

problem-solving, a critical CI component. 

Performance Metrics: 

1. Innovation Capacity: Question 4 revealed 62/67 (93%) report generating frequent 

good ideas in groups, and Question 10 showed 54/67 (81%) view dissent as sparking 

creativity. This supports Lee and Jin’s (2019) findings on CI-driven innovation. 

2. Decision-Making Quality: Question 8 indicated 61/67 (91%) believe listening to all 

members improves decisions, and Question 9 showed 63/67 (94%) resolve 

disagreements effectively. This aligns with Ahmadzadeh et al.’s (2023) view that CI 

enhances decision quality by reducing biases. 

3. Adaptability: Questions 11–13 showed 58–63/67 (87–94%) adapt well to project 

changes. This reflects Rowe et al.’s (2024) link between CI and resilience in dynamic 

settings. 

4. Operational Efficiency: Question 14 (58/67, 87%) confirmed timely task 

completion, and Question 15 indicated 34/67 (51%) prioritise communication to 

coordinate efforts, per Janssens et al. (2022). However, the split in Question 15 

suggests inconsistent coordination strategies, with some groups relying on informal 

methods. 

Students identified communication (Q15) and role clarity (Q23: 58/67, 87% value 

clear roles) as key CI enablers. Questions 23–24 showed mixed views on teacher guidance, 

with 41/67 (61%) valuing it but others noting it “depends on the teacher,” indicating variable 
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facilitation impact. Overall, students’ responses suggest CI traits significantly enhance 

performance, though group-specific challenges like uneven participation can limit outcomes. 

Teacher Perspective 

The five semi-structured teacher interviews, conducted between March 30 and April 

10, 2025, offered an external perspective on student group work dynamics. Each interview, 

lasting 30–50 minutes, was transcribed and thematically analysed, revealing CI traits and 

performance outcomes alongside barriers and facilitators. 

Social Sensitivity: Teachers consistently observed emotional awareness among 

students, supporting Woolley et al. (2010). Interview 3 stated, “Ninth graders are tuned in; 

they notice when someone’s off and try to include them,” and Interview 5 noted, “They pick 

up if a peer’s struggling and adjust their approach.” However, Interview 1 (translated from 

Russian) highlighted an exception: “One student was crying, and the group didn’t react, 

maybe due to tension,” suggesting that sensitivity varies by group dynamics or cultural 

factors, potentially compounded by translation nuances. 

Equal Participation: Teachers reported mixed observations, aligning with Engel et 

al.’s (2014) findings on CI. Interview 4 praised older students: “They divide tasks well, and 

everyone contributes in about 80% of groups.” In contrast, Interview 2 noted, “Some students 

don’t contribute; a few dominate discussions,” and Interview 1 reported student complaints 

about non-contributors, with some “swearing” over imbalances. These insights indicate 

participation gaps in certain groups, undermining CI’s potential. 

Cognitive Diversity: Teachers universally valued diverse skills, per Janssens et al. 

(2022). Interview 5 observed, “Groups with planners, creatives, and leaders use their 

strengths effectively,” and Interview 3 stated, “Creative and organised students together 

produce better projects.” Interview 4 emphasised role clarity: “When roles match skills, 

results improve significantly.” This suggests diversity enhances outcomes when structured 

appropriately. 

Performance Metrics: 

1. Innovation Capacity: Teachers linked idea-sharing to creativity, per Lee and Jin 

(2019). Interview 2 noted, “Different ideas spark better solutions when students 

collaborate,” and Interview 4 said, “Unique ideas shine in cohesive groups.” Interview 

1 highlighted leadership’s role: “A leader organises creative chaos into results.” 

2. Decision-Making Quality: Interview 3 observed, “They filter weak ideas through 

discussion, reaching consensus,” and Interview 5 stated, “Many heads make better 

choices than one.” However, Interview 1 noted younger groups experience “tension 
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for a week” over disagreements, suggesting maturity impacts CI-driven decisions 

(Ahmadzadeh et al., 2023). 

3. Adaptability: Teachers confirmed strong adaptability, per Rowe et al. (2024). 

Interview 2 stated, “They adapt very quickly to changes in tasks,” and Interview 4 

noted, “Group work lowers anxiety during shifts, making transitions smoother.” 

Interview 3 cautioned, “Weaker groups struggle without guidance,” underscoring 

facilitation’s role. 

4. Operational Efficiency: Interview 5 estimated 90% of groups finish projects on time, 

and Interview 3 reported 80%, driven by clear roles and motivation. Interview 1, 

however, noted 30% lateness in some groups due to “no effort at home,” highlighting 

external barriers like home environment. 

Teachers identified group composition (Interview 2: “Self-chosen groups work 

better”), trust (Interview 3: “They’re relaxed with trust”), and leadership (Interview 5: “8/10 

groups have natural leaders”) as CI enablers. These observations suggest CI significantly 

enhances performance but requires teacher facilitation to address issues like non-contribution 

and external constraints. 

A comparative analysis of student and teacher perspectives reveals alignments, 

divergences, and emergent themes, enriching the understanding of CI’s impact and 

addressing Janssens et al.’s (2022) call for multi-stakeholder perspectives in CI research. 

Alignments: 

1. Social Sensitivity: Both groups confirm high emotional awareness, with students 

reporting 73% awareness (Q17) and teachers noting students are “tuned in” (Interview 

3). Students (Q18: 96%) and teachers (Interview 5) agree cohesion drives project 

success, reinforcing Woolley et al.’s (2010) view that sensitivity enhances CI. 

2. Cognitive Diversity: Students (Q5: 96%) and teachers (Interview 5: “use strengths”) 

concur that diverse skills fuel creativity. Question 6 (94%) and Interview 3 emphasise 

the value of unusual ideas, aligning with Janssens et al.’s (2022) findings on 

diversity’s role in CI. 

3. Performance Metrics: Strong agreement exists on innovation (Q4: 93%; Interview 2: 

“different ideas spark solutions”) and adaptability (Q13: 94%; Interview 4: “lowers 

anxiety”), supporting Lee and Jin (2019) and Rowe et al. (2024). Efficiency is 

generally high (Q14: 87%; Interview 5: 90%), though tempered by specific barriers. 

Divergences: 
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1. Equal Participation: Students are more optimistic about involvement (Q7: 69% 

share ideas) than teachers, who note non-contributors (Interview 2: “some don’t 

contribute”). Question 20’s variability (55% “depends on the group”) aligns with 

Interview 1’s reports of imbalances, indicating a perception gap in CI’s consistency. 

2. Leadership: Teachers emphasise leadership’s role (Interview 5: “8/10 groups have 

leaders”; Interview 1: “leader organises”) more than students, who prioritise equal 

input (Q6: 14/67, 21% value unusual ideas over dominance). This suggests differing 

views on CI’s structural dynamics. 

3. Decision-Making: Students report effective conflict resolution (Q9: 94%) while 

teachers observe occasional prolonged tension (Interview 1: “tension for a week”), 

highlighting that maturity or facilitation influences CI’s decision-making quality. 

Emergent Themes: 

1. Collaboration Fuels Creativity: Both Question 4 and Interview 2 link idea-sharing 

to innovation, reinforcing Lee and Jin’s (2019) findings that CI thrives on collective 

input. 

2. Context Shapes CI Effectiveness: Question 20 and Interview 4 highlight group 

familiarity and self-selection as enablers, per Engel et al. (2014), with self-chosen 

groups showing stronger CI. 

3. Facilitation Enhances CI: Questions 23–24 and Interview 3 suggest teacher trust and 

guidance amplify CI, aligning with Reilly’s (2020) emphasis on supportive 

environments. 

These findings confirm CI’s significant positive impact on performance, with 

contextual factors like group composition and facilitation shaping its effectiveness. The 

divergences underscore the need for targeted strategies to address participation gaps and 

leverage leadership within CI frameworks. 
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Table 2 

Comparative Analysis of Student and Teacher Perspectives on CI and Performance (March–

April 2025) 

Aspect Student Perspective Teacher Perspective Alignment/Divergence 

Social 

Sensitivity 

Q17: 73% notice 

emotions; Q18: 96% 

value cohesion 

Interview 3: “Tuned 

in”; Interview 5: 

Adjust to peers 

Alignment: High emotional 

awareness enhances CI 

Equal 

Participation 

Q7: 69% share ideas; 

Q20: 55% note 

variability 

Interview 2: “Some 

don’t contribute”; 

Interview 1: 

Imbalances 

Divergence: Students more 

optimistic than teachers 

Cognitive 

Diversity 

Q5: 96% value 

diverse skills; Q6: 

94% consider unusual 

ideas 

Interview 5: 

“Planners, creatives 

use strengths”; 

Interview 3: Diverse 

roles 

Alignment: Diversity fuels 

creativity 

Innovation 

Capacity 

Q4: 93% frequent 

ideas 

Interview 2: 

“Different ideas spark 

solutions” 

Alignment: Strong CI-

driven innovation 

Decision-

Making Quality 

Q9: 94% resolve 

disagreements 

Interview 1: “Tension 

for a week”; Interview 

5: “Better choices” 

Divergence: Teachers note 

maturity affects resolution 

Adaptability 
Q13: 94% adjust to 

changes 

Interview 4: “Lowers 

anxiety during shifts” 

Alignment: High 

adaptability in groups 

Operational 

Efficiency 

Q14: 87% timely 

completion 

Interview 5: 90% on 

time; Interview 1: 

30% late 

Alignment with caveats: 

External barriers noted 

Emergent 

Theme: 

Facilitation 

Q23–24: 61% value 

guidance 

Interview 3: Guidance 

critical for weaker 

groups 

Alignment: Facilitation 

enhances CI 
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Table 2 illustrates alignments (e.g., innovation, adaptability) and divergences (e.g., 

participation), highlighting facilitation’s role in CI. 

The empirical analysis demonstrates that CI traits—social sensitivity, equal 

participation, and cognitive diversity—strongly correlate with enhanced organisational 

performance at Tartu Karlova Kool. Students’ high engagement (e.g., Q4: 93% report 

frequent ideas; Q13: 94% adapt well) and teachers’ observations (e.g., Interview 5: 90% 

timely completion) quantify CI’s contributions to innovation, decision-making, adaptability, 

and efficiency, directly addressing the research gap outlined in Chapter 1. Key enablers 

include effective communication, role clarity, trust, and self-selected groups, while barriers 

such as uneven participation, dominant members, and inconsistent teacher facilitation 

highlight CI’s context-dependency. 

Critical Limitations: 

1. The sample size (67 students, five teachers) limits generalisability beyond Tartu 

Karlova Kool’s collaborative culture, potentially skewing CI perceptions due to the 

school’s project-based focus. 

2. Self-reported questionnaire data risk exaggeration, as seen in discrepancies between 

student optimism (Q7: 69%) and teacher realism (Interview 2: non-contributors). 

Teacher interviews mitigate this but are limited by their small number. 

3. The translation of Interview 1 from Russian to English introduces potential minor 

inaccuracies in nuanced terms (e.g., “depressive”), despite participant review. 

4. Subjective coding in thematic analysis, conducted by a novice researcher, risks bias in 

theme identification, though iterative checks and supervisor guidance reduced this. 

5. The single-case design may reflect Tartu Karlova Kool’s unique environment, 

limiting applicability to less collaborative settings. 

Despite these limitations, the study’s dual perspective, thematic depth, and alignment 

with CI theory (Woolley et al., 2010; Rowe et al., 2024) ensure robust and credible findings. 

Future research could expand sample sizes, incorporate quantitative measures, or compare 

multiple schools to strengthen generalisability. 

2.3 Results & Discussion 

This study analyses data from 67 ninth-grade student questionnaires and five teacher 

interviews, collected at Tartu Karlova Kool between March and April 2025, to explore 

Collective Intelligence (CI) and its impact on organisational performance.  

Thematic analysis, based on Braun and Clarke’s (2006) six-phase framework, was 

chosen for its flexibility in capturing CI’s context-driven dynamics in a school setting. First, 
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questionnaire responses and interview transcripts were reviewed extensively to familiarise 

with the data. For instance, student answers to “How often do you notice when a group 

member is upset?” (Q17) and teacher comments like “They’re tuned in to each other” 

(Interview 3) highlighted emotional awareness. Second, initial coding labelled concepts such 

as “emotion noticing” (Q17), “idea sharing” (Q7), and “group cohesion” (Interview 5). Third, 

codes were grouped into themes like “social sensitivity” (Q17, Interview 3) and “innovation” 

(Q4, Interview 2). These were refined through iterative review to ensure coherence, with 

discrepancies (e.g., Q7: 68% claim idea-sharing vs. Interview 2: “Some don’t contribute”) 

forming sub-themes like “participation barriers.” Final themes, such as “Diversity Fuels 

Creativity” (Q5, Interview 5), were defined to address CI’s performance impact. 

A comparative analysis examines alignment between student and teacher 

perspectives. For example, students reporting “We all contribute equally” (Q7) against 

teachers noting “A few dominate” (Interview 2) suggests a perception gap in equal 

participation, while shared views on innovation (Q4: 93% report frequent ideas; Interview 2: 

“Different ideas spark creativity”) reinforce CI’s role (Janssens et al., 2022). This approach 

enriches the study’s depth, addressing how CI manifests in practice. 

Ethically, informed consent was secured from all participants, with parental consent 

for students under 16, per GDPR and Estonian regulations. Anonymity was ensured during 

the whole process of research, and data were stored securely, accessible only to the researcher 

and supervisor. Participants knew responses were for research, not grades, minimising 

pressure. Interview transcripts, especially Interview 1 (translated from Russian), were 

reviewed for accuracy. However, the small sample risks potential identification, mitigated by 

aggregating data. 

The analysis aligns with Chapter 1’s framework, coding for CI traits (e.g., Q17 for 

social sensitivity; Woolley et al., 2010) and metrics (e.g., Q4 for innovation; Lee & Jin, 

2019). This supports the thesis’s objectives, linking empirical data to theory and practical 

implications. 

Critically, limitations exist. The sample (67 students, five teachers) limits 

generalisability beyond Tartu Karlova Kool. Self-reported questionnaires risk exaggeration 

(e.g., Q7 vs. Interview 2 discrepancies), though teacher data mitigate this. Interview 1’s 

translation may introduce minor inaccuracies, despite review. Thematic analysis’s 

subjectivity, compounded by my novice status, risks coding bias, though iterative checks and 

supervision reduced this. The single-case design may reflect Tartu Karlova Kool’s unique 

culture, limiting broader applicability. 



THE EFFECT OF CI TO ORGANISATIONAL PERFORMANCE: A CASE STUDY 27 

Future Scenarios and Applications 

The findings on Collective Intelligence (CI) at Tartu Karlova Kool, where social 

sensitivity, equal participation, and cognitive diversity (Woolley et al., 2010) enhanced 

innovation capacity, decision-making quality, adaptability, and operational efficiency (Rowe 

et al., 2024), offer practical applications for educational and organisational settings, as well as 

emerging contexts like virtual collaboration. Based on 67 student questionnaires and five 

teacher interviews (Chapter 2), these proposals address the thesis’s aim to provide strategies 

for fostering high-performing teams, while critically acknowledging limitations to ensure 

feasibility. 

In educational settings, the high social sensitivity observed (Q17: 73% notice peers’ 

emotions; Interview 3: “Ninth graders are tuned in”) supports the development of teacher 

training programmes to cultivate empathy through structured activities, such as role-playing 

or reflective discussions, to strengthen group cohesion (Q18: 96%). To address uneven 

participation (Q20: 55% note variability; Interview 2: “Some don’t contribute”), schools 

could implement role rotation strategies that leverage cognitive diversity (Q5: 96%; Interview 

5: “Planners and creatives use strengths”), ensuring all students contribute equitably. The 

strong link to innovation (Q4: 93% report frequent ideas; Interview 2: “Different ideas spark 

solutions”) suggests scaling Tartu Karlova Kool’s project-based learning model to other 

Estonian schools to foster collaborative creativity. However, the single-case design limits 

generalisability, requiring pilot programmes across diverse schools to validate these 

strategies. 

In organisational contexts, CI’s benefits extend to workplace teamwork. The emphasis 

on cognitive diversity (Q5: 96%; Interview 5: “Groups with varied strengths”) indicates that 

companies could design team-building workshops to harness diverse skills, mirroring 

classroom collaboration. To mitigate participation barriers (Q7: 69% share ideas vs. 

Interview 2: “A few dominate”), managers could train facilitators to balance contributions, 

ensuring equitable input similar to student groups (Q14: 87% timely). The role of trust in 

enhancing CI (Interview 3: “Relaxed with trust”) supports leadership training to foster 

cohesive teams, particularly in innovation-driven sectors like technology or design (Lee & 

Jin, 2019). These applications require adaptation to corporate structures, as school-based 

dynamics may not fully translate. 

Emerging contexts, such as virtual and hybrid collaboration, present opportunities for 

CI application. The adaptability demonstrated (Q13: 94% adjust to changes; Interview 4: 

“Lowers anxiety during shifts”) suggests CI could enhance remote teamwork, where 
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emotional cues are less visible. Schools and organisations could pilot AI-driven tools, such as 

real-time sentiment analysis, to support social sensitivity (Q18: 96%) in online settings. 

However, such technologies must address privacy concerns, and the study’s small sample (67 

students, five teachers) offers limited insights into virtual environments, necessitating further 

exploration. 

Future research is critical to overcome the study’s constraints. The single-case design 

and small sample restrict applicability beyond Tartu Karlova Kool’s collaborative culture 

(Chapter 2.3). Multi-school or cross-sectoral studies could validate CI’s impact on 

performance, using larger samples to address self-report biases (Q7 vs. Interview 2 

discrepancies). Longitudinal research could examine how CI traits evolve, building on 

leadership insights (Interview 5: “8/10 groups have natural leaders”). Incorporating 

quantitative measures, such as c-factor assessments (Woolley et al., 2010), would 

complement qualitative findings, enhancing rigour. Exploring CI in virtual classrooms or 

workplaces could align with emerging trends, responding to Rowe et al.’s (2024) call for 

process-oriented studies. 

These applications and research directions face challenges. Self-reported data and 

subjective coding by a novice researcher risk bias, though mitigated by dual perspectives and 

supervision. Translation nuances in Interview 1 (Russian to English) may affect interpretive 

accuracy. Implementing CI strategies in less collaborative or resource-constrained settings 

requires careful design. Nevertheless, the findings provide a robust foundation for enhancing 

teamwork, offering educators and leaders actionable tools. Future research should refine 

these approaches through broader, mixed-method studies to fully realise CI’s potential across 

diverse contexts. 

Conclusion 

This thesis investigated the effect of Collective Intelligence (CI) on organisational 

performance through a qualitative case study at Tartu Karlova Kool, addressing the research 

gap in linking CI traits—social sensitivity, equal participation, and cognitive diversity 

(Woolley et al., 2010)—to specific performance metrics: innovation capacity, decision-

making quality, adaptability, and operational efficiency (Rowe et al., 2024). By synthesizing 

theoretical insights (Chapter 1), methodological rigor (Subchapter 2.1), empirical findings 

(Subchapter 2.2), and future applications (Subchapter 2.3), the study confirms CI’s pivotal 

role in fostering high-performing teams, offering actionable strategies for educational and 

organisational settings. 
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Theoretically, Chapter 1 established CI as a dynamic group capability driven by social 

sensitivity, equal participation, and cognitive diversity, distinct from individual intelligence 

(Woolley et al., 2010). It highlighted CI’s impact on innovation, decision-making, 

adaptability, and efficiency, supported by empirical studies showing high-CI teams’ 

resilience in dynamic contexts (Janssens et al., 2022; Rowe et al., 2024). This framework 

guided the empirical analysis, ensuring alignment with the thesis’s first objective to define 

CI’s characteristics and theoretical links to performance. 

Empirically, Chapters 2 demonstrated CI’s significant influence at Tartu Karlova 

Kool. Student questionnaires (n=67) revealed strong social sensitivity (Q17: 73%), cognitive 

diversity (Q5: 96%), and performance outcomes like innovation (Q4: 93%) and adaptability 

(Q13: 94%), though participation varied (Q20: 55%) due to group dynamics. Teacher 

interviews (n=5) corroborated these traits, noting cohesion (Interview 3: “tuned in”) and 

creativity (Interview 2: “different ideas spark solutions”), but highlighted barriers like non-

contributors (Interview 2) and facilitation needs (Interview 3). Comparative analysis revealed 

alignments (e.g., innovation) and divergences (e.g., participation perceptions), fulfilling the 

second objective to connect CI to measurable outcomes via dual perspectives. 

Practically, Subchapter 2.3 proposed strategies to enhance CI, addressing the third 

objective. Educational applications include teacher training for empathy and role rotation to 

ensure equitable participation, while organisational workshops could leverage cognitive 

diversity for workplace innovation (Q5; Interview 5). Virtual collaboration with AI tools and 

future multi-school research were suggested to extend CI’s applicability, though limited by 

the study’s single-case design and small sample. 

Critically, limitations temper the findings’ scope. The sample (67 students, five 

teachers) and Tartu Karlova Kool’s collaborative culture limit generalisability, while self-

reported data (Q7 vs. Interview 2) and novice researcher subjectivity risk bias, mitigated by 

dual perspectives and supervision. Translation nuances (Interview 1) and the single-case 

design further constrain broader applicability. Future research should explore larger, diverse 

samples and quantitative measures (e.g., c-factor) to enhance robustness. 

This study bridges CI theory with empirical evidence, demonstrating its 

transformative potential in educational settings and beyond. By offering strategies to foster 

CI-driven teamwork, it provides educators and leaders with tools to enhance collaboration, 

innovation, and resilience. As organisations increasingly rely on collective efforts, this thesis 

underscores CI’s value in navigating complexity, paving the way for further research and 

practical advancements in high-performing team dynamics. 
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Appendix A 

Student Questionnaire 

Data: total number of respondents: 67 

A) Almost every day – group work helps me cooperate much better.  

B) A couple of times a week – it helps a little.  

C) Sometimes – it doesn’t affect much.  

D) Very rarely – it even makes cooperation harder.  

 

1. Do you work more effectively in a group than alone? What is the reason? 

A) Yes, much better – we can share ideas and find better solutions together.  

B) A little better – we can divide tasks among ourselves.  

C) About the same – there’s no particular difference.  

D) Worse – it’s hard for us to cooperate with each other.  

 

 

2. What do you like most about group work, why? 

A) Creating ideas together – it leads to better results.  

B) Dividing the work – we get done faster.  

C) Communicating and getting along better with each other.  

 

3. How often do good ideas emerge in your group? How do you create them? 

A) Always – we work together and find good solutions.  

B) Often – we combine everyone’s thoughts and develop them further.  

C) Sometimes – we have to work hard for it.  

D) Rarely – it’s hard for us to agree with each other.  

 

 

4. Do people with different skills help improve ideas? 

A) Yes, a lot – we can cover more different perspectives together.  

B) Yes, a little – we can complement and help each other.  

C) Not really – too many different opinions make it complicated.  

D) No – it causes more confusion than benefit.  
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5. When someone suggests an unusual idea, how does your group react? Does it help the 

project? 

A) We discuss the idea and try to use it.  

B) We think about it a little before deciding.  

C) We quickly say no and move on.  

D) We ignore it. 0 

 

 

6. When the group has to choose something (e.g., a project topic), does everyone share 

their ideas? Does it work well? 

A) Always – it makes our decisions much better.  

B) Usually – it helps us reach a good outcome.  

C) Sometimes – it’s mostly just okay.  

D) Rarely – decision-making becomes complicated.  

 

7. Does listening to everyone’s opinions help improve the group’s decisions? 

A) Yes, it makes decisions much better.  

B) Yes, it makes decisions a little better.  

C) It doesn’t affect decisions much.  

D) It makes decision-making more complicated instead.  

 

 

8. If someone doesn’t agree with the group’s decision, what happens and how is the 

situation resolved? 

A) We discuss the problem and find a better solution.  

B) We listen but move forward with our original decision.  

C) We argue a lot and can’t reach a decision.  

D) We ignore the objection and it ruins teamwork.  

 

9. Do discussions and disagreements in the group lead to better ideas? Under what 

conditions does it work? 

A) Yes, often – if we discuss openly and constructively.  

B) Yes, sometimes – if we can eventually reach a compromise.  
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C) Rarely – disagreements cause more confusion.  

D) No – it slows down work and makes decision-making harder.  

 

 

10. How does your group deal with unexpected changes (e.g., a drop in motivation), why? 

A) Very well – we work together and adapt quickly.  

B) Well – we find a solution and adjust the plan.  

C) Rather poorly – we tend to panic.  

D) Poorly – we give up and can’t move forward.  

 

11. Does working together help the group handle unexpected problems (e.g., something is 

missing or unclear)? 

A) Yes, always – we find a solution and continue smoothly.  

B) Yes, mostly – we manage in most cases.  

C) Sometimes – it works sometimes, but not always.  

D) No – working together makes the situation more complicated.  

 

 

12. If the teacher changes the project rules, e.g., adds a new task or redistributes the 

workload, how does your group adapt, does working in a group help? 

A) Quickly – we adapt together and make a new plan.  

B) Well, but it takes effort – we can adapt, but it’s challenging.  

C) Slowly – we struggle to get used to the new conditions.  

D) Not at all – we’re confused and don’t know how to proceed.  

 

13. Does everyone contributing help the group finish tasks on time? 

A) Always – we work quickly and finish on time.  

B) Mostly – we can usually stay on schedule.  

C) Sometimes – we fall behind sometimes but manage.  

D) Rarely – we move slowly and don’t meet deadlines.  
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14. What helps your group work well and keeps the work smooth? 

A) Everyone fulfills their role and contributes equally.  

B) We communicate openly and discuss things clearly.  

C) We have someone who leads and guides the group work.  

D) We’re just lucky and everything somehow works out.  

 

15. If someone in the group doesn’t contribute, how does your group react? Does it affect 

cooperation? 

A) We redistribute the work and manage.  

B) We encourage them to participate and can move forward.  

C) We’re dissatisfied but push through and finish the work.  

D) We get stuck and can’t complete the work.  

 

 

16. Does your group notice when someone is upset or confused? How does it affect the 

work? 

A) Always – we notice, and it helps us cooperate better.  

B) Usually – we notice most of the time, and it makes work smoother.  

C) Sometimes – we notice sometimes, but it causes confusion.  

D) Rarely – we usually don’t notice, and it disrupts the work.  

 

17. Does getting along well with the group help you work better? 

A) Yes, it’s very important for our work to go smoothly.  

B) Yes, it makes cooperation easier.  

C) Not really – it doesn’t affect the work much.  

D) No, it doesn’t matter.  

 

 

18. Are you satisfied with how your group works, why? 

A) Always – we cooperate well and function as a team.  

B) Mostly – we try hard and achieve good results.  

C) Sometimes – it depends on the situation and mood.  

D) Rarely – we argue, and cooperation doesn’t go well.  
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19. Does your group work better than you do alone? What helps the most? 

A) Much better – we get along well and complement each other.  

B) A little better – teamwork and help make a difference.  

C) Depends on the group.  

D) Worse – cooperation doesn’t work, and conflicts arise.  

 

 

20. Has cooperation and completing group work improved over time? What has changed? 

A) Yes, a lot – we’ve learned to cooperate better and complete tasks.  

B) Yes, a little – we try to get along better and solve tasks more effectively.  

C) Not really – our working style and cooperation have stayed the same.  

D) No – cooperation is still difficult, and group work remains challenging.  

 

21. What is the most important thing for your group to work well? Why? 

A) Everyone participates actively – more ideas and better solutions.  

B) Listening to each other – to avoid misunderstandings and work smoothly together.  

C) Different skills – so everyone can contribute their strengths.  

D) Clear plans – to stay on schedule and avoid confusion.  

 

 

22. What would help your group work better and how? 

A) More teamwork – so the group is more united and cooperation flows.  

B) Fewer conflicts – so we can focus on work, not arguments.  

C) A better plan – so everyone knows their tasks and responsibilities.  

D) A faster pace – so we can finish tasks more quickly.  

 

23. Does liking the teacher affect your contribution to group work? 

A) Yes, a lot – I try harder and feel motivated.  

B) Yes, a little – I feel involved and contribute more.  

C) Not really – it doesn’t affect my work.  

D) No – it rather reduces my motivation.  
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24. Does considering the teacher a good teacher help your group work better? 

A) Yes, a lot – we trust them and follow their instructions.  

B) Yes, a little – we listen more and take the work more seriously.  

C) Not really – it doesn’t affect our work quality.  

D) No – it either disrupts or doesn’t matter.  
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Appendix B 

Short Summaries of the Interviews 

Interview 1 

Interview date: 01.04.2022 

Interview length: 20 minutes 16 seconds 

Interviewee: Female 

Position: Teacher in Tartu Karlova Kool 

Summary: The teacher noted that group work occurs about twice per academic year for 7th to 

9th graders, often in collaborative projects with other teachers. Group work’s effectiveness 

depends on individual personalities, with some students thriving and others, like a girl who 

cried, struggling due to discomfort. The teacher assigns groups for graded tasks but allows 

self-selection for learning tasks. Successful groups share information and have a clear goal, 

with a positive leader organizing ideas. Diverse skill sets enhance group outcomes, but 

conflicts, especially among younger students, can create tension and affect results. Students 

adapt to changes better now than a decade ago, but 30% of groups miss deadlines due to slow 

work or lack of home effort. Non-contributors frustrate groups, and while students notice 

emotional distress, supportive actions vary. 

Interview 2 

Interview date: 30.03.2025 

Interview length: 38 minutes 56 seconds 

Interviewee: Female 

Position: Teacher in Tartu Karlova Kool 

Summary: Group work happens monthly due to weekly class constraints, with students 

improving teamwork skills over time, preferring to choose their partners. Performance varies 

by individual, but sharing ideas and reliable teammates drive success. A leader often emerges 

to guide tasks, and diverse roles improve outcomes, visible in tasks like posters. Groups with 

familiar members accept unusual ideas, fostering creativity. Disagreements are usually 

resolved through discussion, and students adapt quickly to changes, influenced by mental 

state and teacher rapport. About 20% of groups miss deadlines due to poor planning or 

overambition. Non-contributors are nudged by familiar groups, and emotional distress is 

noticed, with minimal impact. Skills have improved due to choice and teacher feedback, 

enhanced by trust in the teacher, who uses bonus points instead of grades. 

Interview 3 
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Interview date: 01.04.2022 

Interview length: 50 minutes 43 seconds 

Interviewee: Female 

Position: Teacher in Tartu Karlova Kool 

Summary: Teaching Estonian, the teacher incorporates group work biweekly, enhancing 

communication and task division among ninth graders. Group performance depends on 

cooperation, with sharing and explaining ideas being key. Brainstorming or leadership drives 

idea generation, and diverse roles yield better projects. Open groups embrace unusual ideas, 

leading to creativity, and frequent idea-sharing refines decisions. Disagreements are common 

but often resolved, strengthening outcomes. Students adapt well to changes if communicating 

effectively, and 80% finish on time with clear roles. Non-contributors spark annoyance, with 

friends confronting them more directly. Emotional cues are noticed, minimally affecting 

work. Skills have improved through practice, and trust in the teacher fosters risk-taking and 

collaboration. 

Interview 4 

Interview date: 03.04.2022 

Interview length: 54 minutes 4 seconds 

Interviewee: Female 

Position: Teacher in Tartu Karlova Kool 

Summary: Group work occurs monthly for older students and quarterly for younger ones, 

improving teamwork, especially in higher grades. Anxiety and personality affect 

performance, with chosen groups working better. Sharing ideas and task division enhance 

results, though some students remain passive. Leaders often dominate, but diverse skills 

improve outcomes. Unusual ideas are accepted in cohesive groups, and disagreements, more 

common in younger grades, can weaken results if unresolved. Most groups (70%) meet 

deadlines, aided by planning and familiarity. Non-contributors frustrate groups, with older 

students adapting better. Emotional distress is noticed, impacting work if unresolved. Skills 

improve with practice, and teacher trust boosts effort, especially on engaging topics. Students 

are more open now than years ago. 

Interview 5 

Interview date: 10.04.2022 

Interview length: 37 minutes 6 seconds 

Interviewee: Female 

Position: Teacher in Tartu Karlova Kool 



THE EFFECT OF CI TO ORGANISATIONAL PERFORMANCE: A CASE STUDY 40 

Summary: In English classes, weekly group work fosters communication skills, with students 

improving through practice. Performance varies by personality, but sharing ideas and mutual 

help yield better results. Leaders emerge in most groups (8/10), often high achievers, and 

diverse skills enhance outcomes. Unusual ideas spark discussion, boosting creativity, and 

idea-sharing refines project focus. Disagreements are often resolved independently (6-7/10 

groups), with quick resolutions minimizing impact. Students adapt well to changes, with 70-

80% meeting deadlines, hindered by poor cooperation. Non-contributors prompt group 

intervention or teacher complaints, negatively affecting progress. Emotional distress is 

noticed, impacting groups, and skills have improved through regular practice. Greater 

openness among students, possibly due to media and post-COVID dynamics, and teacher 

trust enhance motivation. 
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Resümee - Kollektiivse intelligentsuse mõju organisatsiooni tulemuslikkusele: 

juhtumiuuring Tartu Karlova Koolis 

Uurimus keskendub sellele, kuidas kollektiivne intelligentsus mõjutab 

õppekeskkonnas grupitöö tulemusi. Käesolev uurimistöö viidi läbi Tartu Karlova Koolis, et 

mõista, kuidas grupiliikmete vaheline suhtlus, tasakaalustatud panustamine ja mitmekesised 

arvamused toetavad kvaliteetsemate otsuste langetamist, innovaatilisust ning paindlikumat ja 

tõhusamat koostööd. 

 

Andmeid koguti kahe meetodi abil: märtsist aprillini 2025 viidi läbi küsitlus 67 

põhikooliõpilase seas ning viidi läbi süvavestlused viie aineõpetajaga. Õpilased hindasid nii 

enda kui ka oma meeskonna koostööd, keskendudes eelkõige vastastikusele mõistmisele, 

ideede jagamisele ning rollide jaotamisele. Õpetajad andsid ülevaate grupitöö dünaamikast ja 

selle mõjust õppetöö tulemustele. 

 

Tulemused näitasid, et 73% õpilastest märkasid meeskonnakaaslaste emotsionaalseid 

vajadusi ja 96% õpilastest arvavad, et rühm on innovaatilisem, kui selle liikmetel on erinevad 

oskused. Grupi töö oli enim mõjutatud järgmiste parameetrite poolt: uuenduslikkus (93%), 

otsuste kvaliteet (94%) ja kohanemisvõime (94%), kuid mõnes grupis jäi panustamine 

ebaühtlaseks (55%). Õpetajad kinnitasid, et hea koostööga rühmad lõid paremaid ideid ja 

kohanesid kiiremini, samas kui passiivsed liikmed pidurdasid tööd ja nõrgestasid grupi 

sidusust. 

 

Soovitatav on koolidel ja meeskondadel panustada juhendamisse: näiteks suurendada 

õpetajate teadlikkust kollektiivsest intelligentsusest ja selle mõjust õpilasrühmade tööle. 

Selleks, et grupitöö oleks võimalikut efektiivne, on oluline, et õpilased saavad grupisiseselt 

vahetada rolle ja täita erinevaid ülesandeid. Lisaks toetab grupitegevust see, kui õpetajad 

jagavad ülesandeid selgelt ja julgustavad õpilasi väljendama oma konstruktiivseid arvamusi. 

Edaspidi võiks uuringut laiendada teistesse koolidesse või valdkondadesse, lisada täpsemaid 

parameetreid (nt kollektiivse intelligentsuse “c-faktor”) ja jälgida gruppe pikema aja jooksul. 

 

Uuringul on oma kitsaskohad: osalejate arv on väike ning õpilaste enesehinnangud 

võivad olla liialt optimistlikud. Samuti võib tulemusi mõjutada see, et andmed koguti vaid 

ühest koolikeskkonnast. Siiski pakub uurimistöö väärtuslikku arusaama sellest, kuidas 

kollektiivne intelligentsus koolikontekstis kujuneb ning kuidas see toetab uuenduslikkust. 
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