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ABSTRACT 

 

Despite an extensive body of research on collaborative learning, recent studies have 

failed to explore the topic of optimizing social interaction in an open classroom as a result of 

advanced communication technologies. Specifically, research exploring the role of proxemics in 

collaboration within the context of design education is virtually absent from the body of 

literature.  

To examine the impact of seating arrangement (i.e., congregated and linear) and learning 

style (i.e., balanced, active, and reflective) on collaborative group dynamics and performance, a 

2x3 factorial design experiment was conducted with 26 undergraduate students. Mixed 

methodologies, including self-reported surveys, sociometric badge, and instructor’s assessment 

results, were employed in order to more accurately measure interpersonal behaviors.  

Results revealed that students assigned to the congregated arrangement were more 

engaged in collaborative processes, and scored higher on perceived group viability compared to 

students assigned to the linear arrangement. Results also demonstrated different patterns in group 

performance outcomes based on seating arrangements. Several collaborative processes and 

outcome variables were highly correlated in both seating arrangements, and interaction effects 

were observed for seating arrangement by learning style on social processes. Overall, proxemics 

appear to influence the social processes that underlie collaborative teamwork and skill 

development during design problem solving. Additionally, limitations of the study and future 

directions are explored.   

 
Keywords: collaboration, design problem solving, proxemics, seating arrangement, learning 

style, innovative methodology, design education 
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CHAPTER 1 

 

INTRODUCTION 

 

The goal of this research is to explore the role of proxemics with respect to social 

interaction and collaborative teamwork in the field of design. A mixed methods approach was 

adopted to examine the impact of seating arrangement on team-based problem solving. In 

addition to the standard tools, such as self-reported surveys and expert assessment of team 

performance, the sociometric badge, an innovative tool that enables objective measurement of 

collective human behavior, was employed to obtain quantitative metrics of group dynamics 

(Olguín-Olguín et al., 2009). This investigation seeks deeper insights into effective strategies that 

optimize team performance among design students, thereby enabling future students to develop 

skills necessary for working with others in terms of communicating and negotiating different 

perspectives, coordinating plans, executing projects effectively, and encouraging each other’s 

participation (Cho & Cho, 2014; Hennessy & Murphy, 1999).  

In the context of design education, collaborative learning demands fluid interaction 

among students, and especially so as design is a highly social and communicative activity 

(Mikkelsen & Gronhaugh, 2000; Schӧn, 1992; Yazici, 2005). Therefore, collocation is the 

preferred method of collaboration in design education (Cho & Cho, 2014). However, the role of 

proxemics in social interaction remains a neglected area of research due in part to the 

conveniences afforded by information and communication technologies (Latane et al., 1995). As 

there has been a paucity of research on the topic of proxemics in collaborative settings generated 
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over the past few decades, the existing literature is outdated. Moreover, the dearth of literature 

concerning the effects of proxemics on social interaction is restricted to discussion groups.  

Although there is a consensus among researchers that collaboration is a critical 

component in the field of design, the benefits that collaboration confers to students may be 

undermined by the suboptimal spatial organization of team members within such settings. In 

contrast to the emphasis on collaboration in design problem solving, the studio setting prioritizes 

the needs of individual work, exclusively. Decisions for communal space, if it exists, are usually 

postponed until after individual stations are furnished, or arbitrarily and temporarily generated 

when necessary. In response, this research aims to revisit the role of proxemics in social 

interaction by using both quantitative and qualitative research methods, including initial testing 

of theoretical models and developing a novel multiple-tool method, with the findings applied in 

the field of design. By exploring collaborative design problem solving in two different seating 

arrangements, this research aims to fill the lacunae by addressing the research gap in the field of 

small group collaboration and contribute to the development of future design education 

environments beyond the current design studios.  
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 Collaborative Learning 

In social psychology, a group refers to a collection of individuals who are physically 

together for a shared goal (Sommer, 1969), which suggests that collaborative learning is a social 

activity. During the process, collaboration involves more than one individual and stimulates 

students to interact with each other by sharing experiences and reflecting on each other’s 

opinions. Weick and Roberts (1993) characterize the small groups formed in a collaborative 

work environment as the “collective mind.” Considering the psychological closeness and 

interaction afforded by working in small groups, there has been a growing emphasis on 

employing collaboration in work environments, ranging from academia to industry. According to 

Mikkelsen and Gronhaugh (2000), team oriented work environments “provide opportunities for 

employees to learn from colleagues with expertise to help one another through working together, 

sharing information, and watching out for one another” (p.40). Specifically, working in self-led 

teams is the key to successfully managing dynamic business environments in the modern era 

(Yazici, 2005). Reasons for creating teams within and beyond an organization include promoting 

worker productivity and facilitating global competition (Doolen, Hacker, & Van Aken, 2003). 

In the educational settings, students’ collaborative orientation encourages each other to 

compensate for their deficiencies and compete against each other, which ultimately improves 

learning outcomes. Collaborative learning is grounded in social interdependence theory, which 

began in the early 1900s when Kurt Koffka (1935) proposed that interdependence among group 
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members based on shared goals forms the “dynamic whole.” In other words, group members 

affect one another, and this social relationship eventually instigates the movement to achieve the 

desired common goal (Johnson & Johnson, 2010). Roschelle and Teasley (1995) have asserted 

that collaborative learning incorporates the “mutual engagement of participants in a coordinated 

effort to solve the problem together” (p. 70). As a result, collaborative learning is considered the 

most effective pedagogical method of maximizing learning outcomes by encouraging peer-

interaction that facilitates sharing information and addressing gaps in knowledge and experience.  

 

2.2 Leap from Open Classroom to Computer-Supported Learning Environment 

Aligned with this academic movement for encouraging interaction among students, 

research in the field of proxemics has demonstrated that seating arrangements affect social 

interactions, such that the seating is significantly associated with speech content and patterns 

(Hall, 1968; Sommer, 1969; Steinzor, 1950). For example, people tend to sit side-by-side for 

cooperation and face-to-face for competitions. Consequently, the concept of open classroom, 

which allows flexibility in scheduling and spatial arrangements has been introduced and adopted 

more broadly (Weinstein, 1979).  However, literature delineating the open classroom format is 

scarce and outdated, which provides evidence that research into proxemics has not been 

practically applied in the real world (Marshall, 1972). Although a number of previous studies 

broadly highlight the importance of fostering an open and flexible atmosphere in the classroom 

for better learning outcomes, these studies fail to propose criteria that would guide educators in 

creating these types of learning environments. Furthermore, despite the clear and persistent gap 

in the research, there have been no recent studies examining the influence of spatial features on 

social interaction. 
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The inattention to this topic may be attributed to the conveniences arising from emergent 

technologies. As a result of flexibility in time and space afforded by information and 

communication technologies, collaboration is no longer perceived as a collocated activity, and 

therefore can be performed in an asynchronous mode (Kreijns et al., 2003). Computer-mediated 

communication (CMC) has eliminated the need for group members to work together at the same 

place and at overlapping times as well as resolved an issue of the delay in preparing for 

collaborative learning environments, which may explain the dearth of research investigating 

descriptive examples of optimizing social interactions in the open classroom (Olson & Olson, 

2000).  

 

2.3 Value of Social Interaction in Collaborative Learning 

2.3.1 Role of Social Interaction in Co-Located Collaborative Learning 

Although collaborative learning leads to “deeper level learning, critical thinking, shared 

understanding, and long term retention of the learned material,” it is not merely about the 

cognitive processes (Garrison, Anderson, & Archer, 2001, p.13). Collaborative learning also 

provides opportunities for developing social skills, positive attitudes towards group members and 

the task, and social relationships (Johnson & Johnson, 1989). Through consensus building, 

students connect to each other not only intellectually but also socially. In fact, the social 

dimension of collaborative learning is as equally important as cognitive aspects, because 

collaboration is socially interdependent on group members. Therefore, further investigation into 

social dimensions of collaborative learning is crucial.  

A myriad of components, such as group size, group composition, nature of tasks, and 

individual characteristics that contribute to the effectiveness of collaborative learning are related 
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to one key element: social interaction (Kreijns, Kirschner, & Jochems, 2003).  The quality of 

interaction among group members is critical to outcomes of collaboration. In fact, the amount of 

learning from group work is directly related to the quality of interaction (Wilczenski, Bontrager, 

Ventrone, & Correia, 2001). Hooper and Hanafin (1991) have reported that achievement 

differences correlate with differences in intra-group interaction and further concluded that the 

intra-group interaction exerts greater influence on collaboration than the group composition. 

Hiltz (1994) has emphasized the significance of social interaction suggesting that ‘‘the social 

process of developing shared understanding through interaction is the ‘natural’ way for people to 

learn’’ (p. 22). Indeed, social interaction promotes student involvement, improves 

communication skills, and enhances student achievement.  

 

2.3.2 Pitfalls for Social Interaction in Computer-Supported Collaborative Learning  

Despite the conveniences offered by contemporary computer-mediated communication 

(CMC) technologies integrated in computer-supported collaborative learning (CSCL) 

environments, many studies address the limitations of computer-mediated collaborative learning. 

The foremost factor that causes the disconnection between the expectation and reality of CSCL is 

the lack of social interaction (Kreijns, Kirschner, & Jochems, 2003). Kreijns, Kirschner, and 

Jochems (2003) have pointed out two pitfalls for social interaction in computer-supported 

collaborative learning environments. 

The first pitfall is assuming that social interaction will happen naturally. Liaw and 

Huang (2000), and Northrup (2001) have stated that social interaction does not occur 

automatically but must be intentionally constructed in educational instruction. Unfortunately, 

social interaction is often taken for granted, because people assume that it occurs naturally and 
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assume that all social interaction is of a similar quality, irrespective of setting. However, Rourke, 

Anderson, Archer, and Garrison (1999) has urged that the face-to-face interactions encountered 

in computer conferences and co-located meetings are still not the same, namely the lack of social 

presence in computer conferences that fails to afford the sense of warmth and belonging to 

collaborate willfully with others. Therefore, social interactions should not be generalized as one 

type.  

The second pitfall is restricting social interaction to cognitive processes. Kreijns, 

Kirschner, and Jochems (2003) have claimed that people often “ignore/forget that social 

interaction is equally important for affiliation, impression formation, building social relationships 

and, ultimately, the development of a healthy community of learning” (p.343). In fact, 

collaborative learning is not limited to knowledge building but also heavily depends on socio-

emotional transaction among group members. The predisposition to concentrate solely on the 

cognitive aspect of learning has resulted in the design of purely functional CSCL environments, 

which exclusively support social interaction towards “critical thinking, argumentation, or 

socially constructing meaning”, and not toward personal interactions (Kreijns, Kirschner, & 

Jochems, 2003, p.349). Personal interactions, such as chatting and confiding, are essential parts 

of collaboration because they build up the trust necessary for collaboration. Sproull and Faraj 

(1997) highlighted that people in collaborative settings are not only separate information 

processors but also social beings. They not only search for information but also expect support 

and connection among group members while collaborating.  
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2.4 Effects of Seating Arrangement on Collaboration 

 Attention to the role of proxemics on social interaction has long been neglected due to 

conveniences brought by technologies (Latane et al., 1995), and therefore, existing literature 

concerning this relationship is outdated. In fact, seating arrangement is one method of 

manipulating the quality of social interaction in face-to-face settings (Yamashita, Hirata, Aoyagi, 

Kuzuoka, & Harada, 2008). Previous research in the field of proxemics has suggested that there 

are patterns in seating arrangements suited for specific group activities in the co-located setting. 

According to Hall’s (1968) personal distance typology, collaboration is more efficient in smaller 

(two feet) interpersonal distances than the larger (five feet). Hall also suggests that the content of 

conversation is linked to distance and situation as well as to the relationship of people, their 

emotions, and activities. Steinzor (1950) revealed that non-verbal behavior (e.g., gestures, 

posture, and physical impression) may also influence speech patterns of discussion groups. In the 

circular seating arrangement in a small group (i.e., ten people in this particular study), the person 

sitting across, who can fully observe the other person, is more likely to speak subsequently than 

the person seated next to the speaker. In other words, seating arrangement influences the 

sequence of speech. Moreover, another study on small group behaviors demonstrated that 

different spatial factors elicit different activities (Sommer, 1969). In rectangular tables, pairs 

chose corner-to-corner or face-to-face arrangement for casual conversation, side-by-side for 

cooperation, face-to-face for competitions, and catty-corner for co-acting. In round tables, results 

were similar except that pairs chose adjacent chairs for conversation and left empty chairs 

between one another for separate activities. When four chairs were replaced with two couches, 

people chose to converse sitting opposite to each other only if the distance across are equal to or 

less than the side-by side distance. 
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2.5 Proxemics in Collaborative Design Problem Solving  

Although previous research highlights the influence of seating arrangement on patterns in 

social interaction, collaboration observed in prior findings was predominantly limited to 

discussion groups. Consideration for the impact of seating arrangement in design collaboration 

has been neglected by existing research. As design is primarily a social activity, collaborative 

learning is a core pedagogical approach in design education that emphasizes learning based on 

social interaction. In other words, design is “a communicative activity in which individuals are 

called upon to decipher one another’s design worlds”  in the process of solving ill-structured, 

open-ended problems (Schӧn, 1992, p.4).  

Design studio is a unique student-centered learning environment commonly adopted in 

design related disciplines, such as architecture, landscape architecture, interior design, and 

industrial design. The studio, typically accessible throughout the academic year, is comprised of 

learning space in which students are assigned to individual desks and encouraged to work 

beyond the 3-4 hour session that usually meets multiple times per week (Brandt et al., 2011). In 

fact, the studio is the “main forum of creative exploration, interaction, and assimilation” that 

provides students the opportunities to experience cultural practices of a professional field of 

design (Salama, 1995, p.1). One of the core components of professional design practice that 

students experience in the studio is peer collaboration (Hendley & Lyle, 1995; Hennessy & 

Murphy, 1999; Webb & Miller, 2006).  Rogoff (1990) posited that interaction allows peers to 

challenge each other to improve their abilities and expand their knowledge. Through 

collaboration dealing with realistic problems and projects in design studio, students learn how to 

communicate their ideas, negotiate varied perspectives, coordinate plans, execute project 

effectively, and guide participation (Hennessy & Murphy, 1999).      
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Compared to consensus among researchers that collaboration is a critical experience for 

students in design education, criteria guiding the application of proxemics in collaborative 

settings is sparse. Although there is a wealth of literature detailing the impact of structural 

features (e.g., lightings and walls) on collaboration spanning work settings, such non-structural 

and fundamental mechanisms as seating arrangement has been undervalued. Although the studio 

affords space and resources necessary for both individual and group work, the studio setting 

tends to emphasize the needs of individual work, exclusively. Decisions for spatial organization 

of communal tables or seats, if they exist, are usually postponed until after individual stations are 

furnished. More or less, the form and functionality of collaborative space in design education are 

temporary and arbitrary.   

Recent studies pertinent to co-located collaboration for design-related problem solving 

have placed emphasis on the influence of technologies on collaboration. For instance, a study on 

the effects of partner proximity, display proximity, and input methods on pair interaction 

indicated that collaboration is perceived to be more effective and enjoyable when both 

participants are near to each other (i.e., standing or sitting next to each other rather than across a 

table), and near to the shared display (i.e., within arm’s reach distance) using direct input 

(Hawkey et al., 2005), respectively.  Another study assessed design students’ perceptions and 

performance in online collaboration compared to those of offline collaboration (Cho & 

Cho, 2014). The results demonstrated that students prefer offline collaboration over online 

collaboration in terms of effectiveness for learning, quality of work, communication, and overall 

satisfaction. However, the study does not extend its reasoning for proxemics factors.    
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2.6 Effects of Learning Styles on Collaboration   

Learning outcomes in part depend on an individual’s learning style and environmental 

context. Therefore, each learning style requires a tailored set of environmental accommodations. 

For example, independent learners assert confidence in their abilities, while dependent learners 

prefer to learn by sharing (Yazici, 2005). Johnson and Johnson (2013) conducted a meta-analysis 

on work environments and performance and concluded that people perform better in a 

collaborative work environment compared to an individualistic or competitive environment, 

which persisted across gender and ability level. Moreover, Felder and Silverman (1988) 

demonstrated that the active-reflective dimension of learning stylesaffects the outcome of 

collaboration above and beyond other dimensions (i.e., sensing-intuitive, visual-verbal, 

sequential-global), such that neither active (i.e., learning by doing) nor reflective learners (i.e., 

learning through observation) benefit from a passive class environment. Another case study 

adopting Felder and Silverman’s learning style model (1988) found that active-reflective and 

sensing-intuitive dimensions of learning style influence the quality of task outcome, and 

concluded that students learn more effectively in groups and pairs comprised of heterogeneous 

learning styles (Alfonseca et al., 2006). Moreover, studies on visualizing processes demonstrate 

that visualizers can be classified into two types (i.e., object and spatial imagery processors), such 

that object visualizers tend to focus on representations of individual objects, whereas space 

visualizers are more likely to recall relations between objects (Blajenkova, Kozevnikov, & Motes, 

2006; Farah, Hammond, Levine, & Calvanio, 1988).  

Despite the extensive body of literature concerning patterns and behaviors of different 

learning styles, there are no studies exploring how to best accommodate the needs of various 

learning styles in collaborative settings.  In terms of physical characteristics, there are numerous 
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studies on structural features (e.g., lighting, surface materials, and presence of windows) impact 

on learning conditions, while there are no recent studies examining the influence of non-

structural elements, such as proxemics on learning outcomes. Additionally, there are no studies 

examining potential interaction effects of learning style and physical characteristics on 

collaborative learning, as both variables are difficult to control and assess non-invasively. 

Therefore, research assessing collective behavior while considering individual learning styles 

and physical features of the environment will be useful to respond to this knowledge gap, and 

may ultimately lead to improved strategies that optimize learning environments and result in 

better outcomes.  

 

2.7 Collaborative Process Measures Studied  

The process – actions, use of tools, and interactions – is as important to the effectiveness 

of the collaboration as the outcome produced (Bly, 1988). Based on teamwork quality 

framework (i.e., communication, coordination, balance of member contributions, mutual support, 

effort, and cohesion) by Hoegl and Gemuenden (2001), collaborative processes can be 

categorized in two ways: technically and socially oriented elements. The ‘technical’ elements 

refer to more task-related processes, such as communication, coordination, and balance of 

member contributions; and the ‘social’ elements include interpersonal relations, mutual support, 

and effort, which are pertinent to social values and norms latent within the team while working 

together (Hoegl & Proserpio, 2004; Wageman, Hackman, & Lehman, 2005). In addition, 

environmental elements, such as spatial factors and distractions, are consistently associated with 

experience and performance of collaboration (Oldham, Kulik, & Stepina, 1991; Lee & Brand, 

2005).  
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2.7.1 Task-Related Process Measures 

Communication and Coordination  

Communication is both a verbal and non-verbal vehicle to exchange information and 

share ideas among group members. Indeed, communication within the group is a decisive factor 

that affects the implementation of novel ideas in innovative projects (Griffin & Hauser, 1992). 

Cooperative atmospheres of collaboration spurred by open and constructive communication 

among peers can enhance creativity as well (Amabile & Gryskiewicz, 1989).  Specifically in the 

design studios, continuous discourse and interaction among peers are considered as sources of 

creativity (Engeström, 2001). Coordination refers to the group’s capabilities to synchronize 

subtasks or independent parts into one piece with structured plans (Hoegl & Gemuenden, 2001). 

Successful integration of different expertise is a critical quality of collaboration for innovative 

projects.  

 

2.7.2 Social Process Measures  

Interpersonal Relations, Mutual Support, and Efforts 

Collaborative learning is a synergic process that relies on social interaction among group 

members to nurture positive experience and outcomes (Tarricone & Luca, 2002). Therefore, 

interpersonal relations within the group influence thinking and problem-solving strategies as 

individual development is channeled through a sociocultural activity (Hennessy & 

Murphy, 1999). Moreover, group members’ quality of interactions and the well-being of within-

group relationships are associated with individual satisfaction experienced from collaboration 

(Aram, Morgan, & Esbeck, 1971).   
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As collaboration is rooted in interdependent tasks, mutual support for each other in the 

group is a crucial aspect of the quality. In fact, mutual support, which refers to willingness to 

help each other and exchange feedback in carrying out tasks, develops from a sense of trust. 

Simons and Peterson (2000) argue that groups with higher levels of intragroup trust tend to show 

tenuous association between task and relationship conflict compared to groups with lower levels 

of intragroup trust. In other words, mutual support generated from trust helps to resolve conflict 

and prevents the attribution of task conflict to character flaws specific to a particular individual 

within the group (Olson, Teasley, Covi, & Olson, 2002).   

Effort-related process criterion refers to how much efforts the group members 

collectively expend on the task. Understanding the norms concerning efforts and meeting shared 

expectations are critical team behaviors that indicate the extent of commitment to the common 

task (Hoegl & Gemuenden, 2001).  

 

2.7.3 Environment-Related Process Measures 

Spatial Support for Collaboration and Distraction 

The principal issue of the open work environment is supporting two contrasting activities 

– concentration and collaboration – in the same space and time. In the collaborative work 

environment, in which concentrated individual tasks and interactive group work coexist, 

perceived levels of support for collaboration and distraction are both highly connected with 

characteristics of the physical environment (Hua, Loftness, Heerwagen, & Powell, 2010). In fact, 

spatial support for collaboration may facilitate the process, whereas distraction may produce 

information overload, which can increase stress levels and inhibit productivity as a result (Hua, 

Loftness, Heerwagen, & Powell, 2010; Sundstrom et al., 1994).  
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 As collaboration entails both solitary and group work, collaborative work environments 

entail spaces, furnishings, and technologies that accommodate both aspects of collaboration 

(Heerwagen, Kampschroer, Powell, & Loftness, 2004). The physical features of collaborative 

work environment are associated with users’ experience in terms of satisfaction and performance. 

Environmental characteristics, such as visibility, layout, circulation, and proximity to colleagues 

and meeting space, are specifically related to interaction and communication among group 

members during collaboration (Heerwagen, Kampschroer, Powell, & Loftness, 2004; Hua, 

Loftness, Heerwagen, & Powell, 2010; Rashid, Kampschroer, Wineman, & Jimring, 2006).   

In the open plan office, more noise leads to greater employee disturbance from noise, 

lower levels of satisfaction with the work environment, and lower levels of job satisfaction 

(Sundstrom et al., 1994). Several studies have identified auditory distractions in open work 

environments as the most critical environmental stressor undermining worker performance. . 

Specifically, background conversational chatter has been noted as the most disruptive noise 

factor in the work environment (Brennan et al., 2002; Leather, Beale, & Sullivan, 2003; 

Kjellberg & Landström, 1994; Roper & Juneja, 2008; Smith-Jackson & Klein; 2008). In addition, 

visual distractions, which refer to uncontrolled visual stimuli or unwanted visual exposure, may 

also reduce performance efficiency (Berti & Schröger, 2001).  

 

2.8 Collaborative Outcome Measures Studied 

Many researchers have proposed two categories for project outcomes: task-related 

outcomes (e.g., quality and adherence to project timeline) and people-related outcomes (e.g., 

group member satisfaction and group viability) (Hoegl & Gemuenden, 2001). Furthermore, 

Hackman (1990) proposed that a group is effective when it meets the following three criteria: 
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group output, group’s willingness to work together again, and individual satisfaction. Moreover, 

positive group experiences facilitate learning and well-being of individual group members 

(Wageman, Hackman, & Lehman, 2005).  

 

2.8.1  Performance-Related Outcome Measures 

Quantity, Quality, and Complying with Requirements 

 The requirement of group output refers to “the degree to which the group’s productive 

output (that is, its product, service, or decision) meets the standards of quantity, quality, and 

timeliness of the people who receive, review, and/or use that output” (Hackman, 1990, p. 6). In 

addition to appraising output, considering social and personal criteria are critical components of 

evaluating group performance.  For example, if the output does not satisfy a targeted user, the 

group cannot be considered effective even if the group itself views its product and teamwork as 

effective. As objective measures of performance are rare in work organizations, evaluation of 

team output usually depends on others’ assessments (Hackman, 1990).    

 

2.8.2  Experience-Related Outcome Measures 

Group Viability 

 Group viability refers to the intention to stay in the same group and work 

interdependently with group members again in the future. While some groups may benefit from 

group members and the group becomes capable over time, other groups may never want to work 

together again as a result of conflicts and failure experienced during collaboration (Hackman, 

1990). According to Mullen and Copper (1994), group viability can be determined by three 
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forces as follows: “interpersonal attraction of team members, commitment to the team task, and 

group pride and team spirit” (Hoegl & Gemuenden, 2001).  

 

Satisfaction 

As the sense of satisfaction is closely related to personal growth and well-being, high 

levels of perceived satisfaction is a significant indicator of effectiveness of a group as well as 

personal success (Hoegl & Gemuenden, 2001; Wageman, Hackman, & Lehman, 2005). In fact, 

there are a number of factors that are shown to influence perceived satisfaction. For instance, 

Arham, Morgan, and Esbeck (1971) posit that sound interpersonal relationships among group 

members is significantly associated with individual satisfaction. General satisfaction with 

working in groups is positively associated with motivation for participating in the future group 

projects (Hoegl & Gemuenden, 2001). Moreover, balance of member contributions as well as 

intra-group cooperation and communication are strongly linked with both group performance 

and individual satisfaction (Seers, 1989; Campion, Medsker, & Higgs, 1993; Pinto, Pinto, & 

Prescott, 1993).  

 

Creativity 

Creativity, the ability to fluently solve ill-structured problems with novel yet useful ideas, 

is an important aspect of design problem solving. Uzzi and Spiro (2005) suggest that creativity, 

which supports problem solving, innovation, and aesthetics, is induced when diverse ideas are 

united or inspire one another. Amabile (1983) proposed the componential framework of 

creativity, wherein there are three major components that account for creative production: 

domain-relevant skills (e.g., factual knowledge, technical skills, and special talents), creativity-
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relevant skills (e.g., cognitive style, application of heuristics, and working style), and task 

motivation (e.g., attitudes toward the task, perceptions of own motivation).  Some of the 

organizational qualities that enhance creativity are access to resources, communication with 

peers, and cooperative atmosphere, which facilitate the sharing of ideas (Amabile & Gryskiewicz, 

1989). Moreover, McCoy and Evans (2010) have identified five environmental characteristics – 

“complexity of visual detail, view of natural environment, use of natural materials, fewer cool 

colors, and less use of manufactured or composite surface materials” – as significant predictors 

of higher perceived creativity.   

 

2.9 The Use of Sociometric Badge for Evaluating Collaboration      

In previous empirical studies on collaboration, human behavior has been primarily 

assessed with subjective measures (e.g., self-reported questionnaires and behavioral observation), 

which pose some limitations. For instance, even though a post-task questionnaire uses a set of 

questions about collaborative experience, it still portrays only segmented aspects of the process.  

Moreover, self-reported responses may not be accurate, affected by respondents’ tendencies to 

appear socially desirable, more likely to agree than disagree, and to avoid extreme answers. In 

addition, third-person observation is still prone to subjectivity, because memory is selective and 

humans make errors. Observers may be more inclined to remember what happened first (primacy 

effect) or most recently (recency effect), which lead them to omit or include details of the 

observation based on their expectations. Moreover, reliability may diminish further if the 

observer observes for too long and the criteria of coding may shift based on relativity.  

Hence, the combination of self-rated data, such as surveys, and behavioral sensor data 

may improve reliability of organizational measures, secure from subjectivity and memory effects 
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(Olguín-Olguín et al., 2009). The sociometric badge is a wearable electronic social sensing 

device, developed by Sociometric Solutions, designed to accurately and continuously collect 

objective data on face-to-face communication and interaction in real time (Kim et al., 2012). The 

device consists of four embedded sensors, which are an accelerometer, infrared sensor, Bluetooth, 

and a microphone. Pertaining specifically to this thesis, the sociometric badge provides an 

objective measure of balance in speech interactions (verbal) and patterns of face-to-face 

interactions (non-verbal) by detecting vocal and kinesthetic activities within each group. Using 

the sociometric badges, Wu et al. (2008) found that network cohesion, which refers to tightness 

and connection of communication network within the group, enhanced worker productivity in 

face-to-face networks, while the opposite was true for email communication. Moreover, network 

cohesion in face-to-face networks was positively correlated with work performance in more 

complex tasks (Wu et al., 2008). This result suggests that face-to-face networks may potentially 

complement the computer-mediated communication media when transferring information and 

knowledge.     

Although there are some empirical studies that analyze the face-to-face interaction 

networks in real world work settings by using sociometric badges (Kim et al., 2012; Olguín-

Olguín et al., 2009; Wu et al., 2009), the use of sociometric badge in assessing collaborative 

design problem solving is unexplored. Since communication and social interaction are key 

components in design problem solving (Schön, 1992), there is value in investigating face-to-face 

interaction patterns by using the objective measurement to improve collaborative settings and 

approach to learning. Face-to-face interaction, which can only occur as a synchronous activity, 

represents the notion of sharing a problem in collaborative learning. Roschelle and Teasley (1995) 

proposed that collaborative problem-solving takes place within the framework of shared 

http://www.sciencedirect.com/science/article/pii/095070519290020G
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language, situation, and activity. Therefore, the structure of conversations should be evaluated in 

tandem with the content, because understanding how students organize language and actions is a 

crucial factor in determining how shared knowledge is formed. For example, participation in 

group processes is positively related to learning outcomes and motivation (Bachour, Kaplan, & 

Dillenbourg, 2010).  Moreover, non-verbal cues, such as gaze, gestures, bodily movements, 

significantly affect group activities in terms of consensus building, trust, and participation (Olson, 

Teasley, Covi, & Olson, 2002; Kiesler & Cummings, 2002, Yamashita et al., 2008). In short, the 

use of the sociometric badge in design education may reveal novel elements of group dynamics 

and team performance outcomes in creative problem solving by continuously tracking both 

verbal and non-verbal behavior during collaboration.  

 

 

 

 

  



21 

CHAPTER 3 

 

METHODS 

 

3.1 Research Framework and Hypotheses 

 The purpose of this study is to examine the impact of different seating arrangements on 

the processes and outcomes of collaborative design problem solving as well as to determine if 

there is an interaction effect of seating arrangement by learning style on collaborative problem 

solving. Through the use of the sociometric badge and the post-task questionnaire to track 

collaborative processes, and the post-task questionnaire and instructor’s assessment to analyze 

collaborative outcomes, the study compares a three-hour session of collaborative team work 

occurring  in a design graphics course in which students were randomly assigned to either of two 

seating arrangements – congregated or linear. Moreover, through open-ended questionnaires, the 

study seeks to understand students’ perceptions of specific features of seating arrangement that 

supported or hindered collaboration. Lastly, a questionnaire on learning styles administered prior 

to the experiment explores potential interaction effects between physical and individual 

characteristics on collaboration. This study poses the following research questions:  

1. What can be done to improve both task-related and social processes of collaboration 

for design problem solving?  

2. What is the efficient method of effectively supporting both individual growth and 

group performance in design education? 

To address these questions, a research model is proposed and the following hypotheses are 

formulated to be tested as shown in Figure 3-1. The research hypotheses are: 
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1a. Students collaborating in the congregated seating arrangement will be more engaged  

      in collaborative processes. 

1b. Students collaborating in the congregated seating arrangement will produce richer  

      collaborative outcomes.   

2a. The association between collaborative processes and individual experience will be  

      stronger in the congregated arrangement.  

2b. The association between collaborative processes and group performance will not    

      differ based on seating arrangements. 

3a. There will be interaction effects of the seating arrangement and learning style on  

      collaborative processes. 

3b. There will be interaction effects of the seating arrangement and learning style on  

      collaborative outcomes. 

Figure 3-1 Research Framework and Hypotheses 
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3.2 Research Design 

Two between-subjects independent variables – seating arrangement and learning style – 

and two dependent variables – collaborative processes (e.g., task-related, social, and 

environment-related) and outcomes (e.g., performance and experience) were explored in this 

study. The seating arrangement evaluated in this study included two experimental conditions – 

congregated and linear – which enabled each student of a cohort to have an unobstructed view of 

the shared display board that served as the collaborative workspace (Figure 3-2). 

(1) Congregated: Seated face-to-face in a two by two configuration   

(2) Linear: Seated side-by-side in a crescent configuration 

 

Figure 3-2 Two Types of Seating Arrangement Explored in the Study 
 

The learning style was assessed by the Index of Learning Styles (Felder & Soloman, 1994) and 

was evaluated based on four scales, each spanning two dimensions. Adapted from the original 

instrument in which each scale can be classified into six conditions, in the present study, each 

scale was classified into three conditions due to a small sample size (Figure 3-3). 
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Figure 3-3 Four Scales of Learning Styles 
 

The two dependent variables, collaborative processes and outcomes, were both measured 

in two ways. Collaborative processes, which refer to sociocultural activities that occur among 

group members while performing the given tasks, were measured with objective data and 

subjective self-reports of participants. The objective measures of collaborative processes 

represented with the sociometric badge data consisted of four parameters: total speaking, average 

face-to-face interactions, centrality, and cohesion. Subjective measures of collaborative 

processes were based on participants’ self-reported survey responses. The survey questionnaire 

was designed to cover seven dimensions of collaborative processes: communication, 

coordination, mutual support, interpersonal relations, efforts, and spatial support, and distraction 

For the collaborative outcome measures, performance-related outcomes were operationalized as 

group performance scores provided by the instructor. Group performance, which refers to the 

outputs produced by each group, were assessed based on three criteria – quantity, quality, and 

meeting requirements. Experience-related collaborative outcomes were gauged with participants’ 

survey responses to questions asking their perceived experiences of collaboration in three areas - 

group viability, satisfaction, and creativity.  
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3.3 Participants 

 The study was conducted in a design graphics course for freshmen offered by a CIDA-

accredited program in a northeastern university in the United States. A total of 26 participants, 

age ranging from 18 to 22 (M = 19.54), participated in the study (6 male, 20 female). Regarding 

ethnicity, two identified themselves as Hispanic or Latino, fourteen as Asian, nine as White, and 

one did not reveal. With respect to learning style, seven were active, fifteen were balanced, and 

four were reflective learners for scale (1); five were sensing, eight were balanced, and thirteen 

were intuitive learners for scale (2); eighteen were visual, eight were balanced, and none were 

verbal learners for scale (3); and one was sequential, twenty-three were balanced, and one was 

global learner for scale (4).  

 

3.4 Setting  

 A three-hour long session where students collaborated on three tasks concerning design 

visualization was conducted in the active learning classroom, consisting of a double-height 

ceiling, windows, mobile desks and chairs, and smart boards (Figure 3-4). The study took place 

in the highlighted area of the classroom with a total of six groups, of which three groups were 

seated in the congregated condition and the other three groups were seated in the linear condition. 

One month prior to the experiment, student groups were pre-formulated based on the results 

from Index of Learning Styles in order to balance the learning styles of each group to be 

similarly distributed. On the day of the experiment, groups were randomly assigned to the 

seating conditions.  In total, there were six groups, three groups seated in the congregated 

condition (N = 13) and the other three groups seated in the linear condition (N = 13). Specifically, 

Group 1 (N = 5), Group 3 (N = 4), and Group 6 (N = 4) were assigned to the congregated seating 
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arrangements, and Group 2 (N = 4), Group 4 (N = 5), and Group 5 (N = 4) were assigned to the 

linear seating arrangements (Figure 3-5). 

 

 

Figure 3-4 Perspective View of the Classroom 
 

 

Figure 3-5 Plan View of the Classroom  
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 The group activity consisted of three tasks and persisted for three hours (see Appendix A). 

The first task was to find interesting buildings that students would like to exemplify for the 

subsequent class project and compile key information (e.g., name, use, architect, location, size, 

years, drawings, and photos) of each building in the Powerpoint. The second task was to find 

examples of effective visual presentation boards online and store their URL links in Pinterest. 

Lastly, the third task was to create a mock-up presentation board using one of the selected 

buildings and board examples to most effectively present the findings.   

 

3.5 Instruments 

 Three tools (self-reported surveys, social sensing device, and the instructor’s assessment 

of outputs) were employed to measure three constructs (i.e., collaborative process, collaborative 

outcomes, and individual learning styles) (Figure 3-6).  

 

Figure 3-6 Summary of Instruments 



28 

To measure collaborative processes, a post-task questionnaire and the sociometric badge, 

developed by Sociometric Solutions, were employed. To assess collaborative outcomes, a post-

task questionnaire and the instructor’s scores for outputs were used. To evaluate each student’s 

learning style, Index of Learning Styles was administered and the coding of the results was 

adapted appropriately for the present study. 

 

3.5.1 Questionnaire 

To subjectively assess collaborative processes, a post-task questionnaire consisting of 36 

items and two open-ended questions was employed (see Appendix B). Each item was self-

reported using a 5-point Likert scale, ranging from 1 = “strongly disagree,” 2 = “disagree,” 3 = 

“neutral,” 4 = “agree,” to 5 = “strongly agree.” The survey consisted of indices relevant to both 

collaborative processes and outcomes. Of 36 items, 26 items pertained to collaborative processes, 

operationalized into seven variables: cohesion, communication, coordination, mutual support, 

interpersonal relationship, spatial support, and distraction. The rest of the 10 items represented 

experience-related outcomes of collaboration, operationalized into three variables: group 

viability, satisfaction, and creativity (Table 3-1). All of the questionnaire items were either 

directly extracted or adapted from validated measures in the literature, and item selection was 

strictly determined by the definitions of each measure developed in the previously published 

studies. The scale of all the items were adapted to a 5-point Likert scale.    
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Table 3-1 Summary of Post-Task Questionnaire 

Parameters Definition Questionnaire Items Sources No. of 
Items 

Cronbach’s  
Alpha 
Reliability 

Processes  
 
Communication 

 
A means to exchange 
information and share 
ideas 

 
My team members communicated with each other 
frequently; Communicating with team members 
regularly helped me to understand the group 
exercise better; My team members communicated 
in a courteous tone. 
 
Team members encouraged diverse perspectives 
and differing points of view from others on the 
team. 
 
Members of our team actively shared their 
knowledge and expertise with one another. 

 
Akgun, Lynn, 
Keskin, & Dogan, 
2014 
 
 
 
Ku, Tseng, & 
Akarasriworn, 2013 
 
 
Wageman, Hackman, 
& Lehman, 2005 

 
5 

 
0.88 

 
 
Coordination 

 
 
Organization of teamwork 
in terms of planning and 
execution to increase 
efficiency 

 
 
My team developed clear collaborative patterns to 
increase team learning efficiency; My team had an 
efficient way to track documents and sources. 
 
The work done on sub-tasks within the group 
activity was closely harmonized. 
 
Our group accomplished tasks smoothly and 
efficiently. 
 

 
 
Ku, Tseng, & 
Akarasriworn, 2013 
 
 
Hoegl & Proserpio, 
2004 
 
Hua, 2007 

 
 
4 

 
 

0.91 

Mutual Support Helping each other and 
working based on trust 

Team members helped each other in the team by 
sharing knowledge and information. 
 
My team received feedback from each other. 
 
Suggestions and contributions of team members 
were discussed and further developed. 

Akgun, Lynn, 
Keskin, & Dogan, 
2014 
Ku, Tseng, & 
Akarasriworn, 2013 
Hoegl & Proserpio, 
2004 

3 0.82 
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Parameters Definition Questionnaire Items Sources No. of 
Items 

Cronbach’s  
Alpha 
Reliability 

Processes (continued) 
 

     

Interpersonal Relations Quality of team interaction 
and satisfaction with team 
relationships 

My relations with other team members were 
strained; The longer we work together as a team, 
the less well we do; Working together energized 
and uplifted members of our team.  

Wageman, Hackman, 
& Lehman, 2005 
 
 
 
 

3 0.79 
 
 
 

Effort Willingness to expend 
collective contribution to 
tasks 

Everyone on my team was motivated to have the 
team succeed. 
 
Team members demonstrated interest and 
enthusiasm during group activities; Team 
members were working together toward a unified 
goal. 

Wageman, Hackman, 
& Lehman, 2005 
 
Akgun, Lynn, 
Keskin, & Dogan, 
2014 
 
 

3 0.91 

 
Spatial Support 

 
Support of current work 
environment (seating 
arrangement in the present 
study) for collaboration 

 
There were adequate tools and technology for team 
members to freely share information; The seating 
arrangement of where we were supported 
collaboration and teamwork; The seating 
arrangement supported exchanging information 
and ideas frequently with my peers through face-
to-face communication; I was too far away from 
my group members to communicate face-to-face; 
The seating arrangement supported my individual 
work productivity; Overall, I felt supported by the 
space for the activities that we were doing today. 
 

 
Hua, 2007 

 
6 

 
0.90 

 
Distraction 

 
Uncontrollable, 
unpredictable stimuli that 
adversely affect task 
performance efficiency 

 
There was too much informal and casual 
conversation around me such that I found it 
difficult to concentrate on my work; I experienced 
visual distractions in our work area.  

 
Lee & Brand, 2005 

 
2 

 
0.73 
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Parameters Definition Questionnaire Items Sources No. of 
Items 

Cronbach’s  
Alpha 
Reliability 

Outcomes 
 

     

Group Viability Intention to remain in the 
same team  

I wouldn’t hesitate to participate on another task 
with the same team members; If given the choice, I 
would prefer to work with another team rather this 
one.   

Bayazit & Mannix, 
2003 

2 0.73 

 
 
Satisfaction 

 
 
Reflection on post-activity 
that is directly related to 
motivation, enthusiasm, 
and affection for group 
work 

 
 
I very much enjoyed talking and working with my 
teammates; I feel a real sense of personal 
satisfaction with our teamwork; My own creativity 
and initiative were suppressed by this team; 
Working in this team stretched my personal 
knowledge and skills. 
 
I was satisfied with ease of interaction with my 
group members.  
 

 
 
Wageman, Hackman, 
& Lehman, 2005 
 
 
 
 
 
Hua, 2007 

 
 
5 

 
 

0.86 

 
Creativity 

 
Producing novel ideas that 
are useful  

 
Overall, the seating arrangement of where we were 
was conducive to the creativity of my team; My 
team was creative; I believe that I was very 
creative in my work.  

 
Amabile, 1987-2015 

 
3 

 
0.92 
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Collaborative Processes  

For communication, three items were selected from twelve items pertaining to team 

dynamics of the original 20-item instrument, consisting of three factors (i.e., team dynamics, 

team acquaintance, and instructor support), on student attitudes toward online collaboration (Ku, 

Tseng, & Akarasriworn, 2013). Of five items that represented communication in the team 

dynamics factor, three items were selected. Two other items (e.g., “My team members reply to 

all responses in a timely manner.”) were excluded, because they were not relevant to the co-

located collaborative setting intentionally designed for small groups to openly communicate in 

real-time. Moreover, one item concerning the communication component was adopted from 

seven items measuring general teamwork in IT implementation projects (Akgun, Lynn, Keskin, 

& Dogan, 2014), and another item was adopted from the team effectiveness component, 

knowledge and skill-related process criteria in particular, of the Team Diagnostic Survey 

(Wageman, Hackman, & Lehman, 2005).  

For coordination, likewise, two items were adopted from twelve items pertaining to team 

dynamics of the original 20-item instrument on student attitudes toward online collaboration (Ku, 

Tseng, & Akarasriworn, 2013). Of four items that represented coordination in the team dynamics 

component, two items were chosen. Two other items (e.g., My team members clearly know their 

roles during the collaboration.”) were excluded due to a small scale of the tasks designed for 

study. Since the group activity conducted during one session of the class does not involve a 

variety of sub-tasks and responsibilities, establishing clear roles and working norms were 

considered unnecessary for the nature of the activity. In addition, one item was retrieved from 

four items that measure the coordination component of teamwork quality (Hoegl & Proserpio, 

2004), and another item was adopted from four items measuring the perceived effectiveness of 
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the collaboration in the Workplace Collaborative Environment Questionnaire (Hua, 2007), of 

which that particularly measures the efficiency of task performance.  

For mutual support, one item was adopted from two items pertaining to support for group 

members, out of seven items that measure general teamwork in IT implementation projects 

(Akgun, Lynn, Keskin, & Dogan, 2014). The other item (e.g., “Team members acknowledged 

conflict and worked to resolve issues on the team.”) was excluded since one session of the class 

was considered an insufficient length of time to develop a type of conflict among group members 

that involve acknowledgement and reconciliation at the team level. Another item was selected 

from two items pertaining to mutual support, in particular, among twelve items measuring the 

comprehensive team dynamics of student attitudes toward online collaboration (Ku, Tseng, & 

Akarasriworn, 2013). Similarly, the other item (e.g., “I trust each team member can complete 

his/her work on time.”) was excluded, because the group activity in this study was not time 

sensitive in nature as it was an introductory exercise to the subsequent class project. Lastly, one 

more item was retrieved from seven items measuring mutual support component of teamwork 

quality (Hoegl & Proserpio, 2004). 

 Regarding interpersonal relations, three items were selected from seven items concerning 

the quality of group members’ interactions and their contentment with team relationships 

(Wageman, Hackman, & Lehman, 2005). Two of the chosen items (e.g., “My relations with 

other team members are strained.”) were reverse-coded. Four other items in the original 

instrument (e.g., “The chance to get to know my teammates is one of the best parts of working 

on this team”) were excluded because of irrelevance to the setting of the study, namely that 

group members knew each other prior to the experiment.   
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Regarding effort, two items that specifically represent collective commitment for the 

shared goal (i.e., “Team members demonstrated interest and enthusiasm during team activities.”; 

“Team members were working together toward a unified goal.”) were adopted from the 7-item 

instrument that measures teamwork in IT implementation projects (Akgun, Lynn, Keskin, & 

Dogan, 2014). In addition, another item was adopted from the team effectiveness component, 

specifically the effort-related process criteria, of the Team Diagnostic Survey (Wageman, 

Hackman, & Lehman, 2005) that measures the level of effort students collectively spend on the 

group activity.   

With respect to spatial support for collaboration, six items were adapted from the 

Workplace Collaborative Environment Questionnaire (Hua, 2007) probing for the influence of 

workplace spatial settings on collaboration effectiveness. The items were adapted accordingly to 

reflect the impact of the seating arrangement in particular, rather than general office spatial 

settings as intended in the original instrument, on collaborative problem solving. For example, 

one item in the original instrument, e.g., “I exchange information/ideas frequently with my 

colleagues through face-to-face communication,” was rephrased to “The seating arrangement 

supported exchanging information and ideas frequently with my peers through face-to-face 

communication.” 

 Lastly, perceived distraction during collaboration was measured with two items selected 

and adapted from five items assessing perceived distraction levels in the workplace (Lee & 

Brand, 2005). In order to address background conversation as a disruptive source of auditory 

distraction, the item – “I found it difficult to concentrate on my work.” – was adapted as “There 

was too much informal and casual conversation around me such that I found it difficult to 

concentrate on my work.” The other item concerning visual distraction was directly adopted 
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from the original instrument.  For both items, a 7-point Likert scale, ranging from 1 = “No, never” 

to 7 = “Yes, all the time”   in the original instrument was adapted to 5-point Likert scale, ranging 

from 1 = “strongly disagree” to 5 = “strongly agree,” as the interval in time frequency is not 

suitable for the questionnaire asking about one-time collaborative problem solving.   

 

Individual Experience-Related Outcomes 

  Derived from Hackman’s (1990) three outcome factors for team effectiveness (i.e., team 

results, team’s viability, and individual satisfaction), group viability – intention to remain in the 

same group – was measured with two items adopted from three items concerning team viability 

developed by Bayazit and Mannix (2003). One item, (i.e., “If I could have left this team and 

worked with another team, I would have”), was excluded due to its similarity with one of the 

selected items (i.e., “If given the choice, I would prefer to work with another team rather than 

this one”), which was reverse-coded.   

  Regarding individual satisfaction, three items concerning individual learning and well-

being, and one item regarding satisfaction with team relationships were adopted from the Team 

Diagnoistic Survey (Wageman, Hackman, & Lehman, 2005). Some of the items were rephrased 

to prevent exhibiting long-term connotations for the group activity. For example, the item in the 

original instrument, e.g., “I feel a real sense of personal satisfaction when our team does well,” 

was corrected to “I feel a real sense of personal satisfaction with our teamwork.” In addition, 

one item (i.e., “I was satisfied with each of the interactions with my group members”) from the 

Workplace Collaborative Environment Questionnaire (Hua, 2007) was adapted.  

  Finally, reflecting the creative nature of the course curriculum and tasks, students’ 

perceived creativity (3 items) was measured as well as a part of the experience-related 
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outcomes. Three items regarding creativity were selected and adapted from the KEYS survey 

(Amabile, 1987; 2015) to address the impact of seating configurations on creativity. For 

example, item in the original instrument, e.g., “Overall, my current work environment is 

conducive to my own creativity,” was rephrased as “Overall, the seating arrangement of where 

we were was conducive to the creativity of my team.” The items inquiring about students’ 

perception of creativity called for the collaboration at both individual (i.e., “I believe that I was 

very creative in my work) and group levels (i.e., “My team was creative.”).  

 

Internal Consistency of the Questionnaire Scales  

 The internal consistency of the questionnaire scales in this study was appraised using 

Cronbach’s alpha. The reliability coefficient (alpha) of each of the collaboration processes and 

outcome parameters exceeded the acceptable level of 0.7 for practical applications: cohesion = 

0.91, communication = 0.88, coordination = 0.91, mutual support = 0.82, interpersonal relations 

= 0.79, spatial support = 0.90, distraction = 0.73, group viability = 0.73, satisfaction = 0.86, and 

creativity = 0.92. Therefore, all of the items used in this study were considered internally 

consistent within the associated constructs. Content validity, which refers to the relevance and 

representativeness of the scales measuring the constructs, was corroborated by employing 

validated scales that were used in the previous studies in the literature review.    

 

Open-ended Questions 

In addition, two open-ended questions were asked to collect general information about 

tools and technologies employed during the group activity and to investigate students’ reflections 

about the influence of seating arrangements on collaborative design problem solving. Two 
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questions were worded as follows: “The tools and technology my group used in each task 

were…” and “Explain how seating arrangement supported or hindered your collaborations today.” 

 

Individual Learning Styles  

To assess students’ learning styles, the Index of Learning Styles (ILS) (Felder & Soloman, 

1994) was administered (see Appendix C). The ILS is a dichotomous 44-item instrument, which 

yields scores for four scales in learning styles: (1) active to reflective (2) sensing to intuitive (3) 

visual to verbal (4) sequential to global. Each scale consists of 11 items, and the response (a or b) 

of each item corresponds to either active or reflective, for example. In order to calculate the score 

for each scale, the smaller total should be subtracted from the larger total, in which the difference 

denotes the score, and the dimension with larger total represents the learning style the student is 

more inclined to. Therefore, each dimension can be classified into three conditions (i.e., strong, 

moderate, and well-balanced), which results in six conditions for each category. For example, if 

the score is 1 or 3, the student is quite well-balanced on either dimension of that scale, while 

there still might be a mild preference for either dimension. If the score is 5 or 7, the student 

moderately favors one dimension of the scale. If the score is 9 or 11, the student has a strong 

preference for one dimension (Figure 3-7).   

 

Figure 3-7 Interpreting Scores in ILS (Source: Felder & Soloman, 1994) 
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However, in the present study, conditions for each scale were reduced from six to three 

conditions, specifically due to the small sample size. Hence, the coding of the instrument for 

each scale was adapted, as follows: (1) balanced, active, and reflective; (2) balanced, sensing, 

and intuitive; (3) balanced, visual, and verbal; (4) balanced, sequential, and global. In fact, each 

participant was evaluated on all four scales of learning styles. 

Regarding the balanced condition for each scale, mild preference for either dimension 

was neglected and merged into one. Moderate and strong preferences for one dimension were 

generalized into inclination for one dimension of each scale. In this study, the effects of only one 

scale of the learning style – balanced, active and reflective – was investigated, because other 

scales were nested into the other independent variable (i.e., seating arrangement) due to the small 

sample size. 

  

3.5.2 Sociometric Badge 

To objectively measure collaboration processes, the sociometric badge, developed by 

Sociometric Solutions, was used to measure both verbal and non-verbal behaviors during 

collaboration. The sociometric badge is a nonintrusive wearable social sensing device that 

quantitatively measures social interactions (Figure 3-8). Among the four embedded sensors, 

selected data – speech and face-to-face interactions – collected by the microphone and infrared 

sensors, respectively, were analyzed. For the speech features, only the volume, duration, and 

pitch were detected and the conversational content was not recorded. The speech (verbal data) 

was represented with duration of total speaking (in seconds) of each participant, and the face-to- 

face interaction (non-verbal data) was represented with three selected indices from the badge to 
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examine the patterns of students’ social network: average interaction duration, centrality, and 

cohesion (Table 3-2). 

                          
Figure 3-8 Photo of the Sociometric Badge 

 
Table 3-2 Summary of the Sociometric Badge Data (definitions and units adapted from 
Sociometric Solutions1 and Humanyze2) 

Parameters Definition Unit Type of 
Sensor  

Speech 
 
Total Speaking Participant’s total speaking occurred during 

3 hours, i.e., 10,800 seconds  
 

Seconds Microphone 

Face-to-face Interactions 
 
Average Interactions The number of seconds that each badge was 

within interaction-distance of every other 
badge 
 

Seconds Infra-Red 

Centrality Indicator of evenness of knowledge 
distribution. For example, high centrality 
nodes can imply that teamwork is dependent 
on one (or a few) individual(s).   

The fraction of 
vertices to 
which 
individual 
badge is 
connected 

Infra-Red 

 
Cohesion 

 
Tightness of communication network within 
the group. In other words, high group 
cohesion indicates strong connectedness and 
tight bonds among group members.  

 
The number of 
ping detected in 
a minute 

 
Infra-Red 

                                                            
1 Sociometric Solutions is the business founded by the MIT professor and three doctor students that developed the 
Sociometric Badge.   
2 Humanyze is the social sensing and analytics platform developed at MIT that enables companies to quantify social 
interactions using cutting edge technology. 
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3.5.3 Instructor’s Assessment Results 

 Operationalized as the instructor’s scores, each group’s performance was evaluated based 

on the grading criteria consisting of ‘quantity’, ‘quality’, and ‘complying requirements.’ The 

criteria were introduced to the students at the beginning of the exercise. Each criterion was 

evaluated, as follows:  

(1) Quantity - The quantity amounts to the combined number of exemplary buildings and 

boards reported from the search.  

(2) Quality - The quality represents the score (out of 100) evaluated on the aesthetics of 

visual presentation and usefulness of information. 

(3) Complying with requirements - The grade (out of 100) for meeting requirements reflects 

how closely students followed the instructions of the group activity in terms of what 

information to be included and how the deliverables were to be submitted.          

 

3.6 Procedure 

 A month prior to the research experiment, Index of Learning Styles (Felder & Soloman, 

1994) was administered to 26 students in order to avoid any influence of biases created by 

responding to the questionnaire. Student groups were formulated based on the results of ILS, in a 

way in which composition of learning styles are balanced and similarly distributed throughout 

the groups, to control the main effects of learning styles on collaborative performance. On the 

day of the study, students were randomly assigned to either a congregated or a linear seating 

arrangement (see Appendix D). At the beginning of the study, students were provided with the 

consent form, approved by the Institutional Review Board (IRB protocol number: 1411005095), 

whether or not they were willing to partake in the study (i.e.,participating in three tasks and 
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completing surveys) wearing the sociometric badge. The group activity consisted of three tasks 

(i.e., find and compile key information of interesting buildings that students would like to 

exemplify for the project in the Powerpoint, find examples of effective visual presentation boards 

and store URL links in Pinterest, create a mock-up board using one of the selected buildings and 

presentation board examples to effectively present the findings) and lasted three hours. Students 

were instructed to submit all the deliverables of completed tasks to the instructor by the end of 

the class (see Appendix E). After the group activity, students were asked to complete a 36-item 

survey along with two open-ended questions. At the end of the class, students were asked to 

return the badge to the researcher and received 16GB USB flash drive customized with the 

department logo as a compensation.   
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CHAPTER 4 

 

RESULTS  

 

4.1 Effects of Seating Arrangement on Collaborative Processes and Outcomes 

 To test group differences in collaboration between the congregated and linear seating 

arrangements, a series of paired sample t-tests were conducted with the results from collaborative 

process and outcomes. To objectively measure collaborative processes, the sociometric badge, 

developed by Sociometric Solutions, was employed and retrieved data on four parameters: total 

speaking time average face-to-face interaction, centrality and cohesion of social network. To 

subjectively measure the collaborative processes, a self-reported survey was administered in 

areas such as communication, coordination, mutual support, interpersonal relations, effort, 

spatial support, and distraction. Regarding collaborative outcomes, group performance was 

assessed by the instructor based on the following three criteria: quantity of output, quality of 

output, and complying requirements of tasks. In addition, individual experience of collaboration 

was measured with a self-reported survey on three parameters: group viability, satisfaction, and 

creativity.  

 

4.1.1  Collaborative Processes 

 Collaborative processes were assessed with both objective and subjective measures. To 

objectively evaluate collaborative processes, individual sociometric badge data were collected. 

This thesis focuses on analyzing speech (verbal data measured with the nested microphone) and 

face-to-face interaction features (non-verbal data measured with the nested infrared sensor), in 
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particular, and excludes data on bodily movement and proximity from the analysis. Specifically, 

for speech, each student’s total speaking time (the number of seconds out of 3 hours, i.e., 10,800 

sec.) was reviewed to identify the balance of verbal interaction among the group members in 

addition to investigating which seating arrangement fostered more speaking. For face-to-face 

interaction, individual’s average interactions (average of the number of seconds that each badge 

was within interaction-distance of every other badge), centrality (the fraction of vertices to which 

individual badge is connected, which indicates the evenness of knowledge distribution within 

each group), and cohesion (a weighted measure of the number of transitive triads in which each 

badge participated during three hours, which represents how closely the group network is knit) 

were examined. To subjectively assess the collaborative process, a self-reported survey, 26 items 

adopted from the previously published studies (Akgun, Lynn, Keskin, & Dogan, 2014; Hoegl & 

Proserpio, 2004; Hua, 2007; Ku, Tseng, & Akarasriworn, 2013; Lee & Brand, 2005; Wageman, 

Hackman, & Lehman, 2005) was used to evaluate seven process parameters –communication, 

coordination, mutual support, interpersonal relationships, effort, spatial support, and distraction – 

on a 5-point Likert Scale, ranging from 1 = “strongly disagree” to 5 = “strongly agree.”  

           

Objective Measures: Individual Badge Data 

 A series of paired sample t-tests on badge data (speech and face-to-face interaction) 

yielded main effects of seating arrangement on face-to-face interaction. Regarding the speech, 

there was no significant difference in total speaking time between the congregated and linear 

conditions. However, the results showed the trending main effect that individual’s total speaking 

was more balanced among group members in the congregated arrangement, according to its 

higher total speaking but smaller variance, on average (M = 4981.67, SD = 3400.10), than the 
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total speaking occurred in the linear arrangement (M = 4271.61, SD = 3427.29), on average. 

Regarding the face-to-face interaction, while there was no significant difference in the average 

interaction time between two arrangements, differences in centrality, t(24) = 2.48, p < 0.05, and 

cohesion, t(24) = -2.41, p < 0.05, of face-to-face interactions were significant. Students seated in 

the congregated arrangement, on average (M = 0.05, SD = 0.06), had less centrality than those 

who worked in the linear arrangement (M = 0.12, SD = 0.10). For cohesion, students worked in 

the congregated arrangement, on average (M = 0.08, SD = 0.08), tended to show higher cohesion 

than those worked in the linear arrangement (M = 0.02, SD = 0.05). 

 

Subjective Measures: Individual Self-Reported Survey 

The other series of paired sample t-tests on perceived collaboration indicated that there 

were significant main effects of seating arrangement on some components of the collaborative 

process. Students who worked together in the congregated seating arrangement, on average (M = 

4.49, SD = 0.55), showed a significantly higher perceived effort, t(24) = -2.09, p < 0.05, than 

those who worked in linear arrangement (M = 3.82, SD = 1.01). Likewise, students who worked 

in the congregated seating arrangement, on average (M = 4.35, SD = 0.20), also expressed that 

they felt a significantly higher spatial support for collaboration, t(24) = 18.49, p < 0.001, than 

Table 4-1  T-test Results for Badge Data across the Seating Arrangements 
 Seating Arrangement   
 Congregated Linear    
Parameters Mean 

 
SD Mean SD df t p-value 

(2-tailed) 
Speech        
     Total Speaking (sec.) 4981.67 3400.10 4271.61 3427.29 24 -0.53 0.601 
Face-to-face Interaction        
     Average Interactions 48.60 59.00 159.31 288.22 24 1.36 0.188 
     Centrality* 0.05 0.06 0.12 0.10 24 2.48 0.021 
     Cohesion* 0.08 0.08 0.02 0.05 24 -2.41 0.024 
N = 26; N = 13 for each seating arrangement (between groups). *p < 0.05  
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those who worked in the linear arrangement (M = 3.15, SD = 0.20). However, no significant 

between-group differences in student perceptions were found in other parameters (e.g., 

communication, coordination, mutual support, interpersonal relationships, and distraction).  

 

In summary, analysis of the effects of seating arrangement on collaboration process 

revealed the following: 

 According to the objective badge data, there was a significant difference in centrality and 

cohesion of social networks within the group between congregated and linear seating 

arrangements.  

 According to the subjective survey data, perceived effort and spatial support for 

collaboration were significantly higher in the congregated arrangement than the linear 

arrangement. 

 

4.1.2 Collaborative Outcomes 

Collaborative outcomes were measured with the assessment of group performance and 

self-reports of individual experience. For the performance measure, instructor’s assessment 

Table 4-2  T-test Results for Self-Reported Data across the Seating Arrangements 
 Seating Arrangement  
 Congregated Linear    
Parameters Mean SD Mean SD df t Sig. (2-tailed) 
Communication 4.28 0.65 4.05 0.74 24 -0.84 0.407 
Coordination 4.44 0.61 3.96 0.78 24 -1.76 0.091 
Mutual Support 4.28 0.74 3.64 1.04 24 -1.81 0.083 
Interpersonal Relationships 4.13 0.25 3.82 0.25 24 -0.85 0.402 
Effort* 4.49 0.55 3.82 1.01 24 -2.09 0.047 
Spatial Support*** 4.35 0.60 3.15 0.80 24 -4.30 0.000 
Distraction  
(negative factor to collaboration) 

1.88 0.87 2.46 0.85 24 1.71 0.101 

N = 26; N = 13 for each seating arrangement (between groups). *p < 0.05; *** p < 0.001.  
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scores for each group’s output were used. Scores were based on the following criteria: quantity 

(the number of search findings), quality (usefulness of information and aesthetics of visual 

presentation; score out of 100), and complying with requirements (score out of 100). To 

subjectively evaluate the collaborative outcomes, a self-reported survey was employed to 

examine three experience parameters – group viability (i.e., willingness to work again with the 

same group), satisfaction, and creativity – based on a 5-point Likert Scale, ranging from 1 = 

“strongly disagree” to 5 = “strongly agree.”           

 

Group Performance 

 Although there was no significant difference in group assessment results across the 

seating arrangements, marginal differences in each assessment category were found. For the 

quantity measure, students in the linear arrangement (M = 28, SD = 8.54) produced seven more 

findings, on average than those in the congregated arrangement (M = 21, SD = 8.00). With 

regard to the overall quality, students in the linear arrangement (M = 88.33, SD = 8.50) were 

graded higher than those in the congregated arrangement (M = 86.67, SD = 7.64). However, for 

complying with requirements of the group activity, students in the congregated arrangement (M 

= 88.33, SD = 2.89) marginally exceled over those in the linear seating arrangement (M = 87.67, 

SD = 2.52).   

Table 4-3 Summary of Group Performance Based on the Seating Arrangements 
Seating Arrangement Group N Number of 

Search Findings 
Grade for 
Quality 

(out of 100) 

Grade for Complying 
with Requirements 

(out of 100) 
Congregated G1 5 12 85 90 

G3 4 28 88 88 
G6 4 22 80 85 

Linear G2 4 36 97 85 
G4 5 20 80 90 
G5 4 29 95 90 
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Individual Experience 

Comparing the results in group viability between congregated and seating arrangements, 

students seated in the congregated condition, on average (M = 4.31, SD = 0.80), were 

significantly more willing to work again with their group members than those in the linear 

condition (M = 3.42, SD = 1.00). In addition, there was a minute difference in both satisfaction 

and perceived creativity across different seating arrangements. Students in the congregated 

seating arrangement reported higher satisfaction and perceived creativity regarding their 

performance than those in the linear arrangement.  Although these results were not statistically 

significant, there was a trend in which the congregated seating arrangement led to more positive 

collaborative experience.  

 

In summary, analysis of the effects of seating arrangement on collaboration outcomes 

revealed the following: 

 There was no significant difference in group assessment results (quantity, quality, and 

complying with requirements) between congregated and linear arrangements.  

 Group viability was significantly higher for students who collaborated in the congregated 

arrangement than those who worked in the linear arrangement.  

 

 

Table 4-4  T-test Results for Individual Experience across the Seating Arrangements 
 Seating Arrangement   

   Congregated       Linear    
Parameters Mean SD Mean SD df t p (2-tailed) 

Group Viability** 4.31 0.80 3.42 1.00 24 -2.49 0.010 
Satisfaction 4.14 0.79 3.68 0.81 24 -1.47 0.154 
Creativity 4.13 1.08 3.82 0.62 24 -0.89 0.380 
N = 26; N = 13 for each seating arrangement (between groups). ** p < 0.01  
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4.2 Predicting Collaborative Outcomes Based on Collaborative Processes 

 To examine the relationship between collaborative processes and outcomes, a series of 

simple regression analysis were conducted in the two seating conditions, congregated and linear. 

For both conditions, collaborative outcomes were tested in two levels – individual and group.  

 

4.2.1 Individual Experience  

To predict individual experience of collaboration, which are represented with self-

reported responses on group viability, satisfaction, and creativity, individual sociometric badge 

data and self-rated responses on seven process parameters (communication, coordination, mutual 

support, interpersonal relationships, effort, spatial support, and distraction) were used.    

 

Congregated Arrangement 

A series of bivariate fit tests indicated some significant inferential relationships between 

the group viability and multiple explanatory variables that measure individual perceptions of 

collaborative processes. Simple linear regression was performed to predict the group viability 

based on communication, coordination, mutual support, interpersonal relationship, effort, spatial 

support, and distraction, respectively. The results demonstrate that all of the above-mentioned 

variables (communication F(1,11) = 12.61, p < 0.01; coordination F(1,11) = 29.24, p < 0.001; 

mutual support F(1,11) = 18.86, p ≤ 0.001; interpersonal relationship F(1,11) = 14.63, p < 0.01; 

effort F(1,11) = 14.71, p < 0.01; spatial support F(1,11) = 55.46, p < 0.001; distraction F(1,11) = 

6.19, p < 0.05) were significant predictors of the group viability in the congregated seating 

arrangement (Table 4-5). While all the other independent variables were positively related with 
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group viability, distraction was negatively related. In other words, group viability decreased by 

0.56 for each point of perceived distraction.  

Another series of bivariate fit tests showed that communication (F(1,11) = 22.08, p ≤ 

0.001), coordination (F(1,11) = 9.80 , p ≤ 0.01), mutual support (F(1,11) = 20.16, p ≤ 0.001), 

interpersonal relationship F(1,11) = 24.14, p ≤ 0.001), effort (F(1,11) = 27.24, p < 0.001), and 

spatial support (F(1,11) = 48.20, p < 0.001) were all statistically significant predictors of 

individual satisfaction for the group activity performed in the congregated seating arrangement 

(Table 4-5).  In other words, students were more satisfied if they had higher perceptions of each 

parameter above, respectively. However, there was no significant relationship between 

distraction and satisfaction.  

The other series of bivariate fit tests showed that communication (F(1,11) = 15.24, p < 

0.01), mutual support (F(1,11) = 8.89, p ≤ 0.01), interpersonal relationships (F(1,11) = 5.21, p < 

0.05), effort (F(1,11) = 28.24, p < 0.001), and spatial support (F(1,11) = 10.22, p < 0.01) were 

statistically significant predictors of creativity experienced during the group activity for students 

who worked in the congregated seating arrangement (Table 4-5). This implies that students 

viewed their creativity higher if parameters above were practiced actively. However, results 

indicated that coordination and distraction were not strong predictors of perceived creativity. 
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Table 4-5 Result of Regression Analysis: Self-Reported Data as Predictors of Individual 
Experience when Seated in Congregated Arrangement 
 DV  IV 

 
B β  F p (2-

tailed) 
R2 Adjusted 

R2 
Group 
Viability 

Communication** 0.90 0.73 12.61 0.005 0.53 0.49 
Coordination*** 1.13 0.85 29.24 0.000 0.73 0.70 
Mutual Support** 0.86 0.79 18.86 0.001 0.63 0.60 
Interpersonal Relations** 0.70 0.76 14.63 0.003 0.57 0.53 
Effort** 1.10 0.76 14.71 0.003 0.57 0.53 
Spatial Support***  1.23 0.91 55.46 0.000 0.83 0.82 
Distraction* -0.56 -0.60 6.19 0.030 0.36 0.30 

Satisfaction Communication*** 1.00 0.82 22.08 0.0007 0.67 0.64 
Coordination** 0.90 0.68 9.80 0.0096 0.47 0.42 
Mutual Support*** 0.86 0.80 20.16 0.0009 0.65 0.61 
Interpersonal 
Relations*** 

0.76 0.83 24.14 0.0005 0.69 0.66 

Effort*** 1.21 0.84 27.24 0.000 0.71 0.69 
Spatial Support*** 1.20 0.90 48.20 0.000 0.81 0.80 
Distraction -0.46 -0.51 3.79 0.077 0.26 0.19 

Creativity Communication** 1.26 0.76 15.24 0.003 0.58 0.54 
Coordination 0.44 0.25 0.71 0.416 0.06 -0.02 
Mutual Support* 0.97 0.67 8.89 0.013 0.45 0.40 
Interpersonal Relations* 0.70 0.57 5.21 0.043 0.32 0.26 
Effort*** 1.65 0.85 28.24 0.000 0.72 0.69 
Spatial Support** 1.25 0.69 10.22 0.009 0.48 0.43 
Distraction -0.18 -0.15 0.24 0.634 0.02 -0.07 

Notes. N = 13. *p < 0.05; **p < 0.01; ***p < 0.001. 
 

Linear Arrangement 

A series of bivariate fit tests indicated that coordination (F(1,11) = 12.04, p < 0.01), 

mutual support (F(1,11) = 8.23, p < 0.05), interpersonal relationship (F(1,11) = 22.45, p ≤ 0.001), 

effort (F(1,11) = 30.68, p < 0.001), spatial support (F(1,11) = 5.14, p < 0.05), and distraction 

(F(1,11) = 7.67, p < 0.05) were statistically significant predictors of group viability in the linear 

seating arrangement (Table 4-6). However, communication was not significantly related with 

group viability. While all the other independent variables were positively related with group 

viability, distraction was negatively related. In other words, group viability decreased by 0.75 for 

each point of perceived distraction. 
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 Another series of bivariate fit tests demonstrated that all the process parameters 

(communication F(1,11) = 40.69, p < 0.001; coordination F(1,11) = 89.49, p < 0.001; mutual 

support F(1,11) = 10.06, p < 0.01; interpersonal relationship F(1,11) = 44.00, p < 0.001; effort 

F(1,11) = 38.38, p < 0.01; spatial support F(1,11) = 13.80, p <0.01; distraction F(1,11) = 11.19, 

p < 0.01)  were statistically significant predictors of satisfaction about collaboration performed in 

the linear seating arrangement (Table 4-6). While all the other independent variables were 

positively related with satisfaction, distraction was negatively related, such that satisfaction 

decreased by 0.67 for each point of perceived distraction (rated on a 5-point Likert scale).  

The other series of bivariate fit tests showed that communication (F(1,11) = 27.65, p < 

0.001), coordination (F(1,11) = 26.08, p < 0.001 ), interpersonal relationship (F(1,11) = 13.85, p 

< 0.01), effort (F(1,11) = 14.01, p < 0.01), and spatial support (F(1,11) = 13.61, p < 0.01) were 

statistically significant predictors of creativity experienced during the group activity for students 

who worked in the linear seating arrangement (Table 4-6). In other words, students reported they 

were more creative if they had higher perceptions of each parameter above, respectively.  

However, results indicated that mutual support was not strongly related with perceived creativity.  
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Table 4-6 Result of Regression Analysis: Self-Reported Data as Predictors of Individual 
Experience when Seated in Linear Arrangement 
 DV  IV 

 
B β  F p  

(2-tailed) 
R2 Adjusted 

R2 
Group 
Viability 

Effort*** 0.85 0.86 30.68 0.000 0.74 0.71 
Communication 0.69 0.51 3.94 0.073 0.26 0.20 
Coordination** 0.93 0.72 12.04 0.005 0.52 0.48 
Mutual Support* 0.63 0.65 8.23 0.015 0.43 0.38 
Interpersonal Relations*** 0.84 0.82 22.45 0.0006 0.67 0.64 
Spatial Support* 0.70 0.56 5.14 0.045 0.32 0.26 
Distraction* -0.75 -0.64 7.67 0.018 0.41 0.36 

Satisfaction Effort*** 0.71 0.88 38.38 0.000 0.78 0.76 
Communication*** 0.97 0.89 40.69 0.000 0.79 0.77 
Coordination*** 0.98 0.94 89.49 0.000 0.89 0.88 
Mutual Support** 0.54 0.69 10.06 0.009 0.48 0.43 
Interpersonal Relations*** 0.74 0.89 44.00 0.000 0.80 0.78 
Spatial Support** 0.75 0.75 13.80 0.003 0.56 0.52 
Distraction** -0.67 -0.71 11.19 0.007 0.50 0.46 

Creativity Effort** 0.46 0.75 14.01 0.003 0.56 0.52 
Communication*** 0.71 0.85 27.65 0.000 0.72 0.69 
Coordination*** 0.67 0.84 26.08 0.000 0.70 0.68 
Mutual Support 0.31 0.53 4.19 0.065 0.28 0.21 
Interpersonal Relations** 0.48 0.75 13.85 0.003 0.56 0.52 
Spatial Support** 0.57 0.74 13.61 0.004 0.55 0.51 
Distraction* -0.43 -0.59 6.00 0.032 0.35 0.29 

Notes. N = 13. *p < 0.05; **p < 0.01; ***p < 0.001. 
 

In summary, regression analyses between collaborative processes and individual 

experience in each seating arrangement revealed the following: 

  For individual perceptions for group viability, all seven parameters (communication, 

coordination, mutual support, interpersonal relationship, effort, spatial support, and 

distraction) were significant predictors in the congregated arrangement. In the linear 

arrangement, all the above except for communication, were significant predictors of 

perceived group viability.  
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  For individual satisfaction, all the parameters except for distraction were significant 

predictors in the congregated arrangement. In the linear arrangement, all seven 

parameters were significant predictors.   

 For individually experienced creativity, communication, mutual support, interpersonal 

relationship, effort, and spatial support were significant predictors in the congregated 

arrangement. In the linear arrangement, all the parameters except for mutual support were 

significant predictors.  

 

4.2.2 Group Performance  

To predict group performance, which are each group’s assessment results on quantity, 

quality, and complying with requirements, each group’s average of the sociometric badge data 

on four parameters (total speaking, average interactions, centrality, and cohesion), and self-rated 

responses on seven process parameters (communication, coordination, mutual support, 

interpersonal relationships, effort, spatial support, and distraction) were used.     

A series of simple linear regressions were examined to predict group performance based 

on the collaborative process. In order to predict the performance at the group scale, the average 

values of each index in self-reported and badge data were used for each group who worked in the 

congregated and linear seating arrangements, respectively.  

 

Congregated Arrangement  

A significant regression equation was found (F(1,1) = 116.01, p < 0.05),  for the regression 

between mutual support and quality of the group performance outcome.  Although there were no other 

parameters of the process that were statistically significant predictors of group performance measures, 

results showed a few other marginally significant regressions. For example, the spatial support appeared 
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to be a predictor of quality to some degree (F(1,1) = 73.61 , p = 0.074). In addition, the regression 

between the degree of centrality of face-to-face interaction and the quantitative measure (number of 

findings of buildings and layouts) of the group activity appeared to be slightly significant (F(1,1) = 

144.32, p = 0.068).      

Table 4-7 Result of Regression Analysis: Self-Reported Data as Predictors of Group 
Performance when Seated in Congregated Arrangement (Dependent Variable: Output Quality) 
Independent Variables B β F p (2-tailed) R2 Adjusted R2 
Effort a 17.14 0.99 48.00 0.091 0.98 0.96 
Communication 12.16 0.97 15.19 0.16 0.94 0.88 
Coordination 10.40 0.92 5.24 0.26 0.84 0.68 
Mutual Support* 11.35 0.997 176.33 0.048 0.99 0.99 
Interpersonal Relationship 9.81 0.89 3.85 0.30 0.79 0.59 
Spatial Support a 12.97 0.99 73.61 0.074 0.99 0.97 
Distraction -10.53 -0.95 10.08 0.19 0.91 0.82 
Notes. * p < 0.05; a p < 0.1 

 

Table 4-8 Result of Regression Analysis: Badge Data as Predictors of Group  Performance 
when Seated in Congregated Arrangement (Dependent Variable: Output Quantity)  
Independent Variables B β F p (2-tailed) R2 Adjusted R2 
Speech -0.002 -0.95 8.91 0.21 0.90 0.80 
Face-to-face Interactions 0.18  0.97 15.98 0.16 0.94 0.88 
     Centralitya 177.07 0.99 86.16 0.068 0.99 0.98 
     Cohesion -126.02 -0.98 19.36 0.14 0.95 0.90 
Notes. * p < 0.05; a p < 0.1 
 

Linear Arrangement  

 There were no statistically significant linear relationships between the collaborative 

processes and outcomes observed in the linear seating arrangement.  
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Table 4-9 Result of Regression Analysis: Self-Reported Data as Predictors of Group 
Performance when Seated in Linear Arrangement (Dependent variable: Output Quality) 
Independent Variables B β F p (2-tailed) R2 Adjusted R2 
Effort 6.03 0.65 0.74 0.55 0.42 -0.15 
Communication 2.99 0.23 0.06 0.85 0.06 -0.89 
Coordination 9.27 0.65 0.72 0.55 0.42 -0.16 
Mutual Support 3.79 0.38 0.17 0.75 0.14 -0.72 
Interpersonal Relationship 7.57 0.78 1.52 0.43 0.60 0.21 
Spatial Support  5.40 0.50 0.33 0.67 0.25 -0.50 
Distraction -8.45 -0.73 1.17 0.48 0.54 0.08 
Notes. N = 3. * p < 0.05; a p < 0.1 
 

Table 4-10 Result of Regression Analysis: Badge Data as Predictors of Group Performance 
when Seated in Linear Arrangement (Dependent variable: Output Quantity) 
Independent Variables B β F p (2-tailed) R2 Adjusted R2 
Speech -0.001 -0.82 2.09 0.39 0.68 0.35 
Face-to-face Interactions 0.03 0.89 4.01 0.29 0.80 0.60 
     Centrality 63.38 0.81 1.87 0.40 0.65 0.30 
     Cohesion -164.35 -0.87 3.00 0.33 0.75 0.50 
Notes. N = 3. * p < 0.05; a p < 0.1 
 

In summary, regression analyses between collaboration process and group performance 

in each seating arrangement revealed the following: 

  There were no significant relationships between process parameters and the aspect of 

complying with requirements both in congregated and linear arrangements.  

  In the congregated arrangement, mutual support was a significant predictor of output 

quality; and the centrality of social network was a marginally significant predictor of 

output quantity.  

 In the linear arrangement, none of the subjective or objective process parameters were 

significant predictors of any of dependent variables of assessment results (quantity, 

quality, and complying with requirements).  
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4.3 Interaction Effects of Seating Arrangement by Learning Style on Collaboration   

To test the interaction effects between seating arrangement and individual learning styles 

on collaboration, a two-way analysis of variance (ANOVA) was conducted for process and 

outcome parameters, respectively. In fact, the results revealed that the learning style did not have 

any significant main effects (p > 0.05) on either collaborative processes or outcomes while there 

were interactions. The seating arrangement consisted of two factors (congregated and linear), and 

the learning style comprised of three factors (balanced, active, and reflective). Data on three 

other learning style categories3 (mentioned in METHODS) were excluded from the analysis due 

to their non-significance (p > 0.05) or nested designs as the result of a limited sample size.  

 

4.3.1  Collaborative Processes  

 In this 2×3 factorial design (seating arrangements x learning styles), the univariate 

analysis yielded a significant seating arrangement by learning style interaction (p < 0.05) on 

perceived interpersonal relationship among group members (Table 4-11), whereby the pairwise 

comparison test indicated that there was a significant mean difference for active learners, in 

particular (Table 4-12). For active learners, the mean difference in perceived interpersonal 

relationships between congregated and linear arrangement was statistically significant (p < 0.05), 

such that students who worked in the congregated arrangement reported higher perceived 

interpersonal relationships compared with those assigned to the linear arrangement.  However, 

interaction effects between seating arrangements and other learning styles (balanced and 

reflective) on perceived interpersonal relationship were not significant.  

 

                                                            
3 (2) sensing, balanced, and intuitive; (3) visual, balanced, and verbal; (4) sequential, balanced, and global 
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Table 4-11 Two-Way ANOVA Analysis: Effects of Seating Arrangement and Learning Style 
on Interpersonal Relations  
Independent Variables SS df F p (2-tailed) 
Seating Arrangement 2.32 1 3.64 0.071 
Learning Style (Active - Reflective) 1.28 2 1.01 0.383 
Seating Arrangement × Learning Style* 6.04 2 4.73 0.021 
Notes. N = 26. * p < 0.05.     
 

Table 4-12 Pairwise Comparison of Learning Styles across the Seating Arrangements 
(Dependent Variable: Interpersonal Relations) 
Learning 
Style 

Seating Arrangement Mean 
Difference 
(I-J) 

Std. 
Error 

p 
(2-tailed) 

95% CI for 
Difference 

Congregated 
(I) 

Linear 
(J) 

Lower 
Bound 

Upper 
Bound 

Active* 4.83(0.19) 3.11(0.69) 1.72 0.61 0.010 0.45 2.99 
Balanced 3.81(0.96) 4.29(0.82) -0.48 0.41 0.257 -1.34 0.38 
Reflective 3.83(0.71) 3.00(0.94) 0.83 0.80 0.309 -0.83 2.50 
Notes. N = 26. * p < 0.05. 
 

                   

Figure 4-1 Seating Arrangement × Learning Style on Interpersonal Relations 
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In addition, there was a marginally significant seating arrangement by learning style 

interaction effect (p = 0.071) on perceived effort (Table 4-13). The pairwise comparison test 

revealed that the mean differences in perceived effort between congregated and linear seating 

arrangement were significant for both active and reflective learners (Table 4-14). For active 

learners, students who collaborated in the congregated setting reported higher perceived effort 

than those in the linear seating arrangement (p < 0.05). For reflective learners, students who 

collaborated in the congregated seating arrangement expressed significantly higher perceived 

effort than those in the linear seating arrangement (p < 0.05). 

 
Table 4-13 Two-Way ANOVA Analysis: Effects of Seating Arrangement and Learning Style 
on Effort  
Independent Variables SS df F p (2-tailed) 
Seating Arrangement** 5.04 1 9.93 0.005 
Learning Style (Active - Reflective) 2.44 2 2.41 0.116 
Seating Arrang. x Learning Stylea 3.08 2 3.03 0.071 
N =26. * p ≤ 0.05; a p < 0.1. R2 = 0.46 (Adjusted R2 = 0.32) 

    

Table 4-14 Pairwise Comparison of Learning Styles across the Seating Arrangements 
(Dependent Variable: Effort) 
Learning 
Style 

Seating Arrangement Mean 
Difference 
(I-J) 

Std. 
Error 

p 
(2-tailed) 

95% CI for 
Difference 

Congregated 
(I) 

Linear 
(J) 

Lower 
Bound 

Upper 
Bound 

Active* 4.92(0.17) 3.44(0.69) 1.472 0.544 0.014 0.337 2.608 
Balanced 4.33(0.64) 4.25(0.90) 0.083 0.369 0.824 -0.685 0.853 
Reflective* 4.49(0.55) 2.67(0.94) 1.500 0.713 0.048 0.013 2.987 
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Figure 4-2 Seating Arrangement x Learning Style on Effort 

 

In summary, analysis of the seating arrangement by learning style interaction effects on 

collaboration process revealed the following: 

  There were no significant main effects of learning style on any of the collaborative 

process parameters. 

  There was a significant seating arrangement by learning style interaction effect on 

interpersonal relations, such that active learners who collaborated in the congregated 

arrangement reported higher perceived interpersonal relationship than those in the linear 

arrangement. However, the effects of seating arrangement on perceived interpersonal 

relations did not significantly differ for other types of learners (balanced and active). 

 There was a marginally significant seating arrangement by learning style interaction 

effect on effort, such that active and reflective learners who collaborated in the 
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congregated seating arrangement reported higher perceived effort than those in the linear 

arrangement. However, the effect of seating arrangement on perceived effort did not 

significantly differ for well-balanced learners.  

 

4.3.2  Collaborative Outcomes 

To test the interaction effects of seating arrangement by learning style, only the 

individual experience measures (group viability, satisfaction, and creativity) were considered for 

analysis as the learning styles pertain to individual characteristics. However, there were no 

statistically significant seating arrangement by learning style interaction effects on individual 

experience.  

 

4.4 Features of Seating Arrangement that Supported and Hindered Collaboration  

Open-ended questions were administered to students to investigate how the specific 

seating arrangement supported and hindered collaboration. Some of the features that students felt 

supported for collaboration in the congregated seating arrangement were visibility of group 

members and the shared screen and unobstructed communication, followed by synergy with 

technology and physical proximity adequate for communication. In other words, the seating 

arrangement in which four students sitting two by two facing each other appeared to provide 

adequate balance of visual and physical access and boundary necessary for collaboration, which 

also resulted in positive impressions about the use of technology. Students responded that the use 

of shared screen facilitated collaboration in this seating arrangement and pinpointed that they 

could work on their own devices while collaborating.     
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 For the linear seating arrangement, students chose transparency and controlled distraction 

as prominent features that supported collaboration. Since students were sitting adjacent to each 

other, instead of across, some of them addressed that visual access to everybody’s screens has 

resulted in transparency of collaboration. Collaboration occurring in a linear seating arrangement 

appeared to be more individualized, which may have enabled students to stay less distracted 

while completing the tasks.   

 Overall, students who worked in the congregated arrangement more frequently reported 

that their collaborations were supported by the seating arrangement than those who worked in the 

linear arrangement. To summarize, some of the factors of perceived support collaboration in the 

congregated seating arrangement were visibility, unobstructed communication, synergy with 

technologies, and physical proximity to other group members.  

 
Table 4-15 Summary of Features that Supported Collaborative Design Problem Solving  
Seating Arrangement Student Response Examples Frequency 
Congregated  Visibility of members and shared screen: “We each 

had a clear view of each other and the smart board.” 
4 

  Unobstructed communication: “Easy eye contact 
made it easy to determine whose comments were 
directed to whom.” 

4 

  Synergy with technologies: “We could work together 
while on our own devices.”; “much better after we 
used the projection screen.”  

3 

  Physical proximity: “Good collaboration with 
adjacent person.” 
 

1 

Linear  Transparency: “We were sitting next to each other, so 
it was easy to see everyone’s screen.” 

2 

  Less distraction: “I was easily able to find the needed 
examples without being distracted by team members 
or other external stimuli” 

2 

 

 Regarding the features that students perceived to hinder collaboration in the congregated 

seating arrangement, one student responded that it was difficult to see other people’s laptop 
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screens, as opposed to the reports by students who worked in the linear arrangement, which is 

associated with lack of transparency. Overall, students did not feel their collaborations were 

obstructed while working in the congregated arrangement.   

 In contrast, students in the linear condition more frequently responded that their 

collaborations were more hindered. The major issue in the linear arrangement was the difficulty 

of communication. Since not all the group members were adjoining to each other, students who 

were seated at the ends could not hear each other and conversations transitioned as long as the 

middle person bridged people on the sides. Moreover, the linear setting may have naturally 

guided students to work on one laptop instead of utilizing the shared screen to work 

simultaneously. In general, students have responded that the linear arrangement has hindered 

collaboration and also addressed that they were seated too far apart to collaborate efficiently.    

 Overall, students who worked in the linear arrangement more frequently reported that 

their collaborations were hindered by the seating arrangement than those who worked in the 

congregated arrangement. To summarize, some of the factors of the perceived hindrance in 

collaboration in the linear seating arrangement were difficulty of communication, inefficient 

participation, and physical distance. 

 
Table 4-16 Summary of Features that Hindered Collaborative Design Problem Solving  
Seating Arrangement Student Response Examples Frequency 
Congregated  Lack of visibility of individual devices: “difficult 

to see each other’s laptop screens” 
 

1 

Linear  Difficulty of communication: “made it easy to talk 
to two people on either side of me, but they 
couldn’t really talk to each other” 

9 

  Inefficient participation: “sitting in a row led to 
only one person working on it by themselves” 

3 

  Generally felt unsupported for collaboration: 
“hindered collaboration” 

3 

  Physical distance: “too far apart” 2 



 
 

63 
 

CHAPTER 5 

 

DISCUSSION 

 

 This study examined the main effects of seating arrangement (i.e., congregated and linear) 

and learning styles (i.e., balanced, active, and reflective) on indices of collaborative processes 

(i.e., task-related, social, and environment-related) and outcomes (i.e., experience and 

performance-related), as well as their respective interaction effects within the context of design 

problem solving. Students’ perceptions of seating arrangement features that promote or 

undermine collaboration were also explored through open-ended questions in tandem with a 

post-task questionnaire. Based on the results of this study, it was revealed that participants 

assigned to the congregated seating arrangement scored higher on indices of both collaborative 

processes and outcomes compared to participants assigned to the linear seating arrangement. 

Additionally, there was an interaction effect between seating arrangement and learning style on 

social dimensions of collaborative processes, namely interpersonal relations and participant 

effort.  

 

5.1 Main Effects of Seating Arrangement on Collaboration  

5.1.1 Collaborative Processes 

Hypothesis (1a) that students collaborating in the congregated seating arrangement will 

be more engaged in collaborative processes was supported by both objective and subjective 

measures.  
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Objective Measures: Individual Badge Data 

 The results revealed significant between-group differences with respect to centrality of 

social networks. Lower levels of centrality displayed by participants assigned to the congregated 

arrangement indicate a higher degree of equilibrium with respect to teamwork compared with 

participants assigned to the linear arrangement. This finding is bolstered by sociometric badge 

data, which registered longer total speaking time with lower variance for participants in the 

congregated arrangement. In other words, on average, teamwork in the linear arrangement was 

more likely to be dependent on one group member who plays a central role, rather than face-to-

face interactions were evenly balanced among all the group members.  

The results also demonstrated significant between-group differences with respect to team 

cohesion. Specifically, participants assigned to the congregated arrangement scored significantly 

higher on dimensions of team cohesion compared to participants assigned to the linear 

arrangement, which suggests that students seated in a congregated arrangement experience 

greater interpersonal connectedness, thereby enhancing overall task performance.  This finding is 

consistent with previous research, which demonstrated that network cohesion in face-to-face 

settings is positively associated with work performance on more complex tasks (Wu et al., 2008). 

Therefore, the findings support the hypothesis (1a) that students collaborating in a congregated 

seating arrangement will be more engaged in collaborative processes compared to those assigned 

to a linear arrangement.  

 

Subjective Measures: Individual Self-Reported Survey  

 The results revealed significant between-group differences in perceived effort. 

Specifically, students assigned to the congregated arrangement reported higher levels of 
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perceived effort compared with students assigned to the linear arrangement, which suggests that 

a congregated seating arrangement promotes collective motivation and cooperation necessary for 

achieving a unified goal. The results also revealed significant between-group differences in 

perceived spatial support. Based on the reviewed literature, environmental characteristics such as 

proximity to colleagues and meeting space have been shown to correlate with interaction and 

communication (Heerwagen, Kampschroer, Powell, & Loftness, 2004; Hua, Loftness, 

Heerwagen, & Powell, 2010; Rashid, Kampschroer, Wineman, & Jimring, 2006). This finding 

suggests that a congregated seating arrangement may facilitate collaborative processes and 

improve performance through higher perceived spatial support for collaboration. Moreover, there 

was a consistent pattern in the results that students who worked in the congregated seating 

arrangement reporting higher effectiveness for other processes parameters (e.g., communication, 

coordination, mutual support, interpersonal relationships, and distraction). Therefore, the results 

support the hypothesis (1a) that students assigned to a congregated arrangement will be more 

engaged in collaborative processes compared with students assigned to a linear arrangement.   

 

5.1.2 Collaborative Outcomes 

 Hypothesis (1b) that students collaborating in the congregated seating arrangement will 

produce richer collaborative outcomes was supported by experience-related measures.   

  

Group Performance 

The results did not reveal significant between-group differences in performance 

according to seating arrangement, which is inconsistent with previous findings suggesting the 

contrary. However, a consistent pattern that groups assigned to the linear arrangement produce 
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the greater number of search findings and higher-quality outputs compared with those assigned 

to the congregated arrangement suggests that tasks may have been divided and undertaken 

individually when searching for necessary information online and compiling the findings, which 

were not hindered, or may have been even more efficient, in a linear arrangement. Moreover, a 

trend that groups assigned to the congregated arrangement marginally excel in complying with 

the task requirements over those assigned to the linear arrangement suggests that harmonizing 

tasks according to the requirement was more effective in a congregated arrangement, which may 

have allowed more spontaneous discussions among group members and effortless access to each 

other. 

According to the literature review, environmental factors of collaborative work 

environments, such as proximity to colleagues and meeting space, are associated with occupants’ 

performance (Heerwagen, Kampschroer, Powell, & Loftness, 2004; Hua, Loftness, Heerwagen, 

& Powell, 2010). In addition, both auditory distractions, especially background conversation, 

(Roper & Juneja, 2008), and visual interruptions (Berti & Schröger, 2001) adversely affect 

performance efficiency. In fact, the failure to demonstrate conclusive evidence of between-group 

differences in performance may be attributed to the small sample size (N = 3 for each seating 

condition). Therefore, the findings do not support the hypothesis (1b) that  performance 

outcomes will be greater for students assigned to the congregated arrangement compared with 

students assigned to the linear arrangement. 

 

Individual Experience 

 The results revealed significant between-group differences in group viability, with 

students assigned to the congregated arrangement reporting higher levels of group viability 
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compared with students assigned to the linear arrangement. This finding suggests that the 

congregated arrangement may be more likely to form healthy bonds among group members and 

encourages students to work interdependently with the same group members in the future. Taken 

from existing literature, group viability can be determined by three forces, as follows: 

“interpersonal attraction of team members, commitment to the team task, and group pride and 

team spirit” (Mullen & Copper, 1994). Thus, results suggest that congregated seating 

arrangements may promote factors necessary for increasing intention to remain in the same 

group. Therefore, support was obtained for the hypothesis (1b) that collaborative outcomes will 

be greater among students assigned to the congregated arrangement compared with students 

assigned to the linear arrangement.  

 

5.2 Comparison of Relationship between Collaborative Processes and Outcomes Based 

on the Seating Arrangements  

5.2.1 Individual Experience 

This section examines the relationship between collaborative processes (i.e., 

communication, coordination, mutual support, interpersonal relations, effort, spatial support, and 

distraction) and experience-related outcomes, including group viability, satisfaction, and 

creativity. Hypothesis (2a) that collaborative processes and individual experience will be more 

associated in the congregated arrangement is partially supported.  

 

Group Viability  

 The results revealed that communication, coordination, mutual support, interpersonal 

relations, effort, spatial support, and distraction (all the process measures) are significant 
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predictors of perceived group viability in students assigned to the congregated arrangement. 

Similar to the finding that group viability can be determined by attachment to team members and 

tasks (Mullen & Copper, 1994), the results showed that all of the task-related, social, and 

environment-related process measures are significantly associated with the perceived group 

viability for students assigned to the congregated arrangement.  

For students assigned to the linear seating arrangement, the results demonstrated that all 

of the process measures, except for communication, were significant predictors of perceived 

group viability. Results suggest that in the case of students assigned to the linear arrangement, 

group viability is not determined by communication. As communication within the group is a 

decisive factor that affects generating novel ideas in innovative projects, the congregated 

arrangement may be a more effective layout for collaborative design problem solving compared 

to a linear arrangement with respect to promoting group viability (Griffin & Hauser, 1992; Schön, 

1992).  

 

Satisfaction 

The results demonstrated that communication, coordination, mutual support, 

interpersonal relations, effort, and spatial support are significant predictors of perceived 

satisfaction for students assigned to the congregated arrangement. Previous research indicates 

that social process measures, such as personal growth as well as quality and well-being of 

interactions among group members are significantly associated with individual satisfaction 

experienced from collaboration (Aram, Morgan, & Esbeck, 1971; Hoegl & Gemuenden, 2001; 

Wageman, Hackman, & Lehman, 2005). Moreover, task-related processes, such as balance of 

member contributions and communication, are consistently shown to correlate with satisfaction 

http://www.sciencedirect.com/science/article/pii/095070519290020G
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(Campion, Medsker, & Higgs, 1993; Pinto, Pinto, & Prescott, 1993). However, distraction was 

not shown to be a significant predictor of satisfaction for students assigned to the congregated 

arrangement. 

For students assigned to the linear arrangement, results revealed that all the process 

measures, including distraction, were significant predictors of satisfaction ratings. The strong 

inverse relationship between distraction and satisfaction, for students assigned to the linear 

arrangement, is consistent with previous findings (Brennan, Chugh, & Kline, 2002; Leather, 

Beale, & Sullivan, 2003; Kjellberg & Landström, 1994; Smith-Jackson & Klein; 2008; Roper & 

Juneja, 2008; Sundstrom et al., 1994). These results indicate that congregated seating 

arrangements may buffer against the disruptive qualities of distraction on satisfaction and serve 

as a more effective layout for collaborative problem solving.   

  

Creativity 

 The results demonstrate that communication, mutual support, interpersonal relations, 

efforts, and spatial support are significant predictors of perceived creativity. Existing literature 

has identified organizational qualities such as constructive communication among peers, easy 

access to resources, task motivation, and cooperative atmosphere, as enhancing factors of 

creativity by facilitating ideation (Amabile & Gryskiewicz, 1989; Griffin & Hauser, 1992). 

Hence, the finding is corroborated by previous findings, which suggests strong associations 

between collaborative processes and creativity. The results indicate that social processes in 

particular, are positively associated with creativity displayed during collaborative problem 

solving.  
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 For students assigned to the linear arrangement, the results reveal that all of the process 

parameters, except for mutual support, are significant predictors of performance outcomes. For 

students assigned to the linear arrangement, mutual support is not significantly associated with 

creativity while coordination and distraction are significantly related to creativity. The results 

suggest that collaborative procedures in the linear arrangement tend to be more individualized as 

coordination, which refer to the group’s capabilities to synchronize subtasks or independent parts 

into one piece (Hoegl & Gemuenden, 2001), is a significant factor that determines creativity 

while mutual support is not significantly associated with creativity. Therefore, it can be 

conjectured that the congregated arrangement fits more appropriately with the phase of group 

work in collaboration, whereas the linear arrangement is more appropriate for individual work. 

As collaboration entails both solitary and group work (Heerwagen, Kampschroer, Powell, & 

Loftness, 2004), both congregated and linear seating arrangements can be employed for these 

respective purposes.  

 

5.2.2 Group Performance  

This section examines the relationship between collaborative processes (i.e., 

communication, coordination, mutual support, interpersonal relations, effort, spatial support, and 

distraction) and performance-related outcomes, including the quality and quantity of output as 

well as complying with requirements. Hypothesis (2b) that the association between collaborative 

processes and group performance will not differ based on seating arrangements is partially 

supported.  
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Output Quality  

The results revealed that mutual support is significantly related with the quality of the 

output produced by students collaborating in the congregated arrangement, contrary to the 

previous finding that organizational performance is not associated with interpersonal relationship 

in collaboration (Aram, Morgan, & Esbeck, 1971). This result suggests that the quality of the 

output is influenced by mutual support among group members when collaborating in a 

congregated seating arrangement, while there was no significant relationship between mutual 

support and performance outcomes for students assigned to the linear arrangement. Moreover, 

effort (p = 0.091) and spatial support for collaboration (p = 0.074) are marginally correlated with 

the quality of the output produced by groups of students assigned to congregated arrangements. 

Therefore, Hypothesis (2b) that the association between collaborative processes and group 

performance will not differ based on seating arrangements is not supported. However, it is 

worthwhile to note that the congregated arrangement may enhance the quality of group output by 

promoting mutual support, effort levels, and spatial support.  

 

Output Quantity  

The results revealed that there is a marginal association (p = 0.068) between centrality, 

measured by sociometric badge, and the quantity (i.e., count of search findings) in the 

congregated seating arrangement. Contrary to the literature review that the balance of member 

contributions (Seers, 1989) is strongly related with group performance, the results suggest that 

the presence of dominant person(s) within the group may serve as a positive force for solitary 

tasks (i.e., searching examples of buildings and board layouts) of collaboration. However, there 

were no significant associations between badge data and the quantity of findings produced by 
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groups seated in the linear arrangement.  Therefore, the initial hypothesis (2b) that the 

association between collaborative processes and group performance will not differ based on 

seating arrangements is not supported. More importantly, however, it can be conjectured that 

congregated seating arrangements can be conducive to individualized work (i.e., searching task), 

such that dominant voice may play a positive role, by constructively guiding participation, and 

enhancing performance outcomes regarding output quantity.  

 

Complying with Requirements  

The results revealed no significant relationship between collaborative processes and any 

of the performance-related outcomes in either seating arrangement. Therefore, hypothesis (2b) 

that the association between collaborative processes and group performance will not differ based 

on seating arrangements is supported. 

 

5.3 Interaction Effects of Seating Arrangement by Learning Style on Collaboration 

5.3.1 Collaborative Processes 

The results revealed that there is a significant interaction effect of the seating 

arrangement (i.e., congregated and linear) by learning style (i.e., balanced, active, and reflective) 

on interpersonal relations, with neither independent variable producing main effects on 

interpersonal relations. Specifically, only the active learners who worked in the congregated 

arrangement showed higher perceived interpersonal relations than those who worked in the linear 

arrangement. Although not significant, the results also demonstrated a marginal interaction effect 

(p = 0.071) of the seating arrangement and learning style on effort levels, such that active and 

reflective learners who collaborated in the congregated arrangement reported higher perceived 
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collective efforts than those in the linear seating arrangement.  However, the perceived effort 

levels of balanced learners did not depend on where they were seated. In fact, it is worthwhile to 

note that although learning style has no main effect on effort levels, it appears that its impact 

depends on the seating arrangement.Therefore, hypothesis (3a) that there will be interaction 

effects of the seating arrangement and learning style on collaborative processes is supported. The 

results imply that the interpersonal relations perceived by active learners, who accounted for 27% 

of the participants, were improved by collaborating in the congregated arrangement. The results 

imply that social dimensions of collaborative processes can be augmented by simply 

manipulating the seating arrangement to accommodate a specific learning style.  

 

5.3.2 Collaborative Outcomes  

The results showed no significant interaction effects of seating arrangement by learning 

style on individual experience. Therefore, hypothesis (3b) that there will be interaction effects of 

seating arrangement by learning style on collaborative outcomes is not supported.  
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CHAPTER 6 

 

CONCLUSION 

 

6.1 Overall Conclusions  

 Results revealed main effects of seating arrangement on collaborative processes (e.g., 

centrality and cohesion measured by the sociometric badge; efforts and spatial support measured 

by the survey) and experience-related outcomes (e.g., group viability). Results also demonstrated 

a number of process measures as strong predictors of individual experience measures (e.g., group 

viability, satisfaction, and creativity). In general, social processes were more significantly 

associated with experience measures when seated in the congregated arrangement, while the 

technical (e.g., coordination) and environment-related (e.g., distraction) processes were more 

significantly associated with experience measures when seated in the linear arrangement. 

Moreover, the results indicated an interaction effect of seating arrangement by learning style on 

collaboration. This study uses both traditional self-report measures and sociometric badge data to 

examine the impact of seating arrangement on design problem solving processes, as well as 

individual experience and group performance outcomes. The instruments include pre- and post-

task questionnaires, sociometric badge, and instructor’s assessment scores. The study also 

supports previous research that emphasizes the benefits of organizational qualities on more 

general types of collaboration that do not involve creativity. Moreover, the study summarizes 

specific features of seating arrangement that support or hinder collaboration, which is important 

to understand elements that are conducive to collaborative design problem solving from 

environmental, social, and personal perspectives. This study contributes to research on small 
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group dynamics in the field of design, as it reveals modifiable characteristics of the environment 

that promote effective student collaboration in the field of design and employs a mixed methods 

approach to measuring social interactions.  

 

6.2 Limitations    

 While the study provides valuable insights into understanding the influence of seating 

arrangement on design collaboration, it is challenging to address and control for environmental, 

social, and personal variables. Due to the exploratory nature of the research, this pilot study was 

conducted with a small sample size (N = 26 for individual measures and N = 6 for group 

measures) and limited sample pool (26 freshmen design majors at a northeastern university in the 

United States). Therefore, other factors (e.g., classroom environment, peer relations, cultural 

background) should be studied, and a larger sample of participants should be pursued to increase 

generalizability of the findings.  

Moreover, the study poses some threats to construct validity. This study is subject to 

evaluation apprehension, namely that participants may have consciously thought about which 

reaction is socially desirable. Since the study involves the peer relationships and tasks related to 

academic grades, participants may have considered which reactions appear normal. Thus, 

participants’ concerns regarding being evaluated may have influenced the responses to a post-

task questionnaire and efforts exerted on the tasks. Furthermore, the timing of measurement may 

have also influenced the results, because one session is not sufficient to observe general trends of 

group dynamics and interaction patterns, as well as participants may work differently according 

to different times.  
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Furthermore, there is a threat to internal validity due to a technical problem of the 

measurement. Specifically, as several sociometric badges failed to record data, artificial values 

were assigned to them reflecting the overall class average on indices of interpersonal behavior. 

As some of the behavioral features greatly differed across groups, assigning class averages to 

missing values may not properly represent the lost data. This unforeseen and uncontrollable 

technical issue of the device may potentially serve as an alternative explanation mistaken for an 

effect of the seating arrangement.  Lastly, the unequal number of group members (four groups of 

four members and two groups of five members) may have influenced the collaborative processes 

as well as performance outcomes due to variability in group capacity.             

 

6.3 Future Research Directions 

Designing work environments that promote collaborative design problem solving is 

important because design is a social activity highly dependent on peer interaction, which is a 

core component of collaboration in real practice as well (Webb & Miller, 2006). As evident in 

this study, seating arrangement can affect various factors related to group dynamics, such as 

collaborative processes and outcomes. More research is required to understand how some of the 

collaborative processes can affect other processes of creative problem solving by using more 

accurate and continuous measures, and exploring other modifiable features of the environment 

that may optimize collaborative teamwork. In addition, more research into other mechanisms that 

may moderate the relationship between proxemics and collaborative design problem solving is 

needed in order to optimize co-located collaboration in the design field.  

This study is perhaps just the beginning of understanding efficient approaches to 

facilitating collaborative design problem solving. Granted sufficient time and financial support, 
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longitudinal design studies can be conducted to evaluate the effects of seating arrangement on 

attitudinal and performance outcomes related to real design projects. Moreover, potential 

mediating effects of collaborative processes can be analyzed in order to understand the causal 

factors of the relationship between seating arrangement and collaborative outcomes.  The use of 

innovative technology, e.g., sociometric badge, may clarify the mediating role of collaborative 

processes by further revealing the nature of their relationship to performance outcomes.  

 

6.4 Practical Implications   

 The findings of this study confirm the potential of taking an innovative approach to using 

emerging technology in addition to standard methods for evaluating interactive human behaviors. 

The study also highlights the need for devising simple yet convenient interventions, instead of 

structural and expensive ones, to efficiently meet the needs of individuals and uses of the space. 

The findings from the study, along with future research could suggest the following implications 

for practice: 

1. The strategic placement of furnishings, which are non-structural and inexpensive, 

could potentially increase the cost effectiveness of spatial interventions by enhancing 

both individual growth and group performance.  

2. The descriptive recommendations of the seating arrangements for differing design-

related activities in open classrooms could potentially serve as a pedagogical 

guideline for educators and students to efficiently use space and time suited for the 

educational purpose.  
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3. The actionable intervention at the small group level, not the layout-level, allowing 

flexibility and independence could benefit the co-working space, the manifestation of 

current trends in a sharing economy, and in the design industry. 

In conclusion, the results of this study suggest that modifiable features of a learning 

setting, and in particular the seating arrangement, have a notable influence over the underlying 

processes of collaborative teamwork in design education. Furthermore, seating arrangement 

interacts with the unique learning styles of individuals, and thereby impacts indices of experience 

and performance outcomes of collaborative design problem solving that have historically been 

under-emphasized in the academic context, even though these same indices emerge as core 

competencies in professional life. Relating these findings back to existing layouts of design 

studios, which are typically configured with a bias toward individualized work, it becomes 

apparent that design departments within academia may more effectively leverage their spaces to 

promote skill development if there were pedagogical guidelines or descriptive examples of 

optimizing social interactions in the design education environment. For example, a congregated 

seating arrangement appears to be more appropriate for group work in collaboration, such that it 

allows visibility of members and shared display board as well as unobstructed communication, 

while linear arrangement appears to be more appropriate for individual work in collaboration, 

such that it creates less distraction, but undermines ease of communication among all group 

members, which was corroborated by students’ open-ended responses to the impact of seating 

arrangement on collaboration. If proxemics could be considered and addressed appropriately for 

collaborative design problem solving, design education environments may more effectively 

support design activities.  
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Appendix A: In-Class Exercise Instructions 

 

 

 

 

Tuesday, April 26, 2016 

 
EXERCISE 11: Preparing for Final Project 

 
EXERCISE 11 will prepare students with a group brainstorming exercise for PROJECT 3. This 
exercise is intended to guide students through an effective design process and to expedite the 
beginning phases of PROJECT 3. 

This exercise comprises of three parts: 1) find candidate buildings for PROJECT 3, 2) collect good 
visual presentation style examples, and 3) rapidly put together one sample board using one of the 
selected candidates + one of the board examples. 

Deliverables by group: 

• A Powerpoint file collections of buildings with key information (name, type / use of the struct
ure, architect, location, size, construction years, drawings and photos – plans, elevations, se
ctions, and multiple perspective views) 

• A Pinterest board for visual presentation boards – URL link 

• A mock-up presentation board of a selected building – use one of the successful / professio
nal presentation boards collected, individual contents, e.g., drawings, photos / renderings, d
escriptions, texts, can be considered as placeholders. 

Deliverables must be submitted via Blackboard in class today. 
For the contents of the ppt file and pinterest board, both quantity and quality are criteria for evaluation. 
In the beginning of next class (Thursday, April 28), each group will be asked to give a five min. 
presentation covering the deliverables.  
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Appendix B: Post-Task Questionnaire 
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Appendix C: Index of Learning Styles (Source: Felder & Soloman, 1994) 

 



 
 

85 
 

 

 



 
 

86 
 

 

 



 
 

87 
 

 

 



 
 

88 
 

 

 



 
 

89 
 

 

 



 
 

90 
 

Appendix D: Photos of Students Participating in Collaborative Design Problem Solving Tasks 
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Appendix E: Examples of Task Outcomes  

 

Figure E-1 Task 1 Submitted by Group 6 
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Figure E-1 Task 1 Submitted by Group 6 (continued) 
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Figure E-2 Task 2 Submitted by Group 6  
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Figure E-3 Task 3 Submitted by Group 1  
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Figure E-4 Task 3 Submitted by Group 2  
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Figure E-5 Task 3 Submitted by Group 3  
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Figure E-6 Task 3 Submitted by Group 4  
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Figure E-7 Task 3 Submitted by Group 5 
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Figure E-8 Task 3 Submitted by Group 6 
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