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Abstract 

College students participating in a graduation project 
inevitably encounter teamwork communication problems. 
Their performance depends on good team interaction, which 
can be promoted by knowledge sharing among team members. 
Hence, this study focused on exploring the relationship among 
cohesion, knowledge sharing, and team performance regarding 
their influence on student teams. A questionnaire survey 
investigated 92 college design students. Analytical results 
showed that knowledge sharing in teams with greater cohesion 
positively influenced students’ team performance, which was 
particularly evident in the three winning teams. More frequent 
but shorter team meetings could improve the project 
production’s efficiency. 
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Introduction 
  The evolution of development teams has received much 
attention in the context of modern global industrial growth. 
Among Fortune 1000 companies, 68% have adopted a 
teamwork approach [1]. The quality of interactions between 
team members and their abilities to get along with one another 
affect overall team performance [2]. Thus, an important topic is 
establishing ways by which team members use knowledge 
sharing to achieve the best results from teamwork [3]. When 
team members hold discussions, they share knowledge that is 
new or based on past experiences to seek a good solution [4][5]. 
Doing so creates a sense of team identity and cohesion [6], 
which is conducive to the achievement of good results [7]. 

This study aimed to determine whether the teamwork 
approach adopted by corporations is applicable to college 
students undertaking thematic production as their graduation 
project. This is a compulsory course for all college students in 
Taiwan who pursue design-related courses. If the success (or 
lack thereof) of corporate projects depends on factors such as 
mutual support, cohesion, and knowledge sharing among team 
members, are students in design schools undertaking their 
graduation projects affected by similar factors? 

Pfaff and Huddleston [8] and Chiang [9] found that students 
faced many problems or had commonalities during team 
formation. For example, most members consisted of 
acquaintances. When disagreements happened, oppositions 
and cold relationships would spring up among members, 
sometimes teams even disbanded. Thus, the issue of mutual 
trust exists when members of student teams interact. This study 
observed the cohesion, knowledge sharing, and team 

performance of students in design schools after forming project 
teams, examining the following main research topics: 
1. Impact of team cohesion on knowledge sharing; 
2. Impact of knowledge sharing on team performance; and 
3. Impact of team cohesion on team performance. 
 

Literature Review 
Thematic production is also known as special studies, and it 

is problem oriented by nature [9]. Through the thematic 
production course, students learn problem-solving skills, 
teamwork, and interpersonal relationships and skills [8][10]. 

Widmeyer, Brawley, and Carron [11] and Carron, Bray, and 
Eys [12] interpreted cohesion as a dynamic process in which 
team members become closely integrated through their 
interactions to achieve common values and work goals. Fan and 
Lu [13] found that in a team with high cohesion, all members 
have a sense of trust in one another in all aspects. Davenport 
and Prusak [14] pointed out that knowledge sharing is the use 
of one’s own experiences, insights, and professional 
understanding to analyze information and grasp opportunities. 
In a team with high cohesion, members have intense contacts 
and resource sharing with one another, leading to a stronger 
sense of bonding [13]. 

This being the case, if students involved in graduation 
projects were able to enhance the cohesion of their teams, there 
would be team harmony and trust, which would in turn promote 
greater knowledge sharing and communication among 
members. Therefore, this study proposed Hypothesis 1. 
H1: Cohesion significantly impacts knowledge sharing 

Nieva, Fleishman, and Rieck [15] and Chen, Chen, and 
Wang [16] defined team performance as goal-oriented 
behavior demonstrated by members to complete a task. Chen 
and Liu [17] noted that if organizations use team performance 
as the basis for rewards, there is cohesion in the team 
atmosphere and more knowledge sharing behaviors. The 
willingness of team members to engage in knowledge sharing 
improves the overall knowledge level and leads to better 
innovation performance. 

There are two types of knowledge sharing: personal 
(individuals who are willing to pass on their knowledge without 
reservation to other people in general) and team (those who are 
willing to share their knowledge unreservedly with fellow team 
members on their own initiative) [5]. Lan and Liu [18] found 
that when employees were willing to mutually share what they 
had learned and put in effort toward knowledge sharing, their 
degree of exposure to new knowledge would increase, thereby 
improving their job performances and benefiting the company. 
Therefore, if students involved in graduation projects were 
engaged in knowledge sharing and transfer, there would be 
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addition, students who use Google Docs in writing activities 
are more likely to understand the concepts of the evolutionary 
theories than those use Microsoft Word. It implies that the 
writing tools and the learning methods we choose impact 
much on the student’s knowledge building. 

Furthermore, based on the interview records, students 
overall gave positive feedback to this biological course. 
Students in Single Writing Group and Collaborative Writing 
Group both expressed the importance of teamwork, which not 
only reduced the difficulty of the writing task but also 
stimulates more ideas. Moreover, students in the Cooperative 
Writing Group emphasized the benefits of co-writing such as 
helping them develop their writing skills and deepen their 
understandings. 
 

Summary 
 

Previous studies have shown that although CSCL has the 
potential to enhance student learning, it still confronts many 
challenges such as coordinating the unique perspectives of 
individuals and integrating different opinions into a well-
organized article [1][3]. In this research, we combined the 
WISE platform with computer-based word processing 
applications, Microsoft Word and Google Docs, to address the 
limitations of CSCL. WISE has been reported to assist 
students to organize ideas and integrate learned knowledge 
[10]. Besides, a series of step-by-step guidance allows 
students to develop the abilities of self-directed learning and 
scientific inquiry [6]. It also provides the brainstorming 
function for students to discuss a common issue [9]. 
Nevertheless, WISE seems to be less capable of facilitating 
students organizing various perspectives into a well-structured 
article. Therefore, this study applied the word processing tools 
to resolve the limitation. According to the research results, 
Microsoft Word and Google Docs can both help students 
bring different ideas together and generate consensus. 
However, using Google Docs for collaborative scientific 
writing tends to better enhance students' understanding of 
evolutionary theories. It suggests that a teaching pedagogy 
which combines Google Docs with WISE is possible to 
establish a better CSCL environment in Taiwanese junior high 
school classroom. 

 
Future Research 

 
In the study, all participants were 8-9th grade students and 

have already took related courses in the 7th grade. We suggest 
the future research can be extended to students in different 
academic levels and scientific themes in order to figure out 
more possible potentials and challenges when applying the 
teaching method in real classrooms. 
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For the analysis of the structural model, PLS-SEM 
emphasizes the ability to construct formative indicators. It is 
different from methods that estimate the covariates between 
samples, in which all constructed dimensions are reflective 
indicators. The numerical value of the goodness of fit index 
(GFI) is not provided, while the values of R2 and the path 
coefficients are the main references for determining the pros 
and cons of the model [25]. The explanatory powers of the 
endogenous potential variables are high, moderate, or low 
when R2 is greater than .67, .33, and .19, respectively [26][27]. 
The results of the analysis show that R2 of knowledge sharing 
and team performance was .42 and .53, respectively. Thus, both 
dimensions had moderate explanatory powers, indicating that 
the explanatory power of the proposed model was fairly good. 

Significance testing was determined by the t-value. This 
indicator examines the suitability of the potential variables 
using the t-value: the larger the t-value, the greater the 
suitability [28]. PLS uses the resample procedure to determine 
whether the path coefficients are significant. In this study, the 
significance of the path coefficients was analyzed using the 
bootstrapping method [26]. The results of the analysis could be 
determined by the t-values shown in Table II. The standard 
value had been exceeded, all three hypotheses were significant 
and were therefore valid. 

 

TABLE II 
SIGNIFICANCE TESTING VIA THE BOOTSTRAPPING 

METHOD 
 

Research 
hypotheses 

Sample 
Mean 
(M) 

Standard 
Error 

(STERR) 

T Statistics 
(|O/ 

STERR|) 

supported 
 

H1: Cohesion → 
Knowledge 
sharing 

.65 .06 10.50 Yes 

H2: Knowledge 
sharing → Team 
performance 

.42 .11 3.81 Yes 

H3: Cohesion → 
Team performance 

.39 .11 3.45 Yes 

 

 (2) Determining the structural model’s validity 
According to Cohen [29], effect size (ES) is low, moderate, 

or high when f2 = .02–.15, .15–.35, and > .35, respectively. The 
results show that the ES of cohesion on team performance, and 
of knowledge sharing on team performance, was both moderate 
(f2 = .19 and .22, respectively). However, the ES of cohesion 
on knowledge sharing was high, with f2 = .73. Overall, the ES 
of this study’s three hypotheses was moderate–high. 
 

Discussion 

A. Verifying the Hypotheses’ Results 
The results show that all three hypotheses had discriminant 

validity. It could also be seen from Table II that all three 
hypotheses and the structural model were valid. Overall, the 
proposed model had good explanatory powers. Thus, the 
samples could explain the actual situations in which cohesion 
and knowledge sharing and transfer affect team performance. 
 
B. Discussion 
(1) Cohesion had a significant impact on knowledge sharing 

The results were consistent with the findings of Chen & Liu 
[17] and other researchers. During the production of the 

graduation project, when cohesion among team students 
strengthened, team harmony and trust improved, which 
facilitated closer knowledge sharing behaviors. The survey 
found that some student members were actually roommates, 
and had developed a tacit understanding with one other through 
living together. They communicated without much of a barrier, 
which was conducive to the smooth completion of the 
graduation project. 
 
(2) Knowledge sharing had a significant impact on team 
performance 

The findings were consistent with those of Chen and Liu [17], 
Huang and Hsu [5], and Lan and Liu [18]. Frequent knowledge 
sharing and transfer was related to interactions and exchanges 
between student team members. When there was a certain 
volume of knowledge sharing, the frequent transmissions of 
information led to good communication, which in turn led to 
better team performance and successful outcomes. 

In the exhibition hall, student teams whose projects were 
nearer completion had positive attitudes and a higher degree of 
enthusiasm and confidence toward their own projects. Taking 
the “Wonderful Build” team as an example, the members 
would often discuss with one another about ways to modify the 
project or incorporate visitors’ suggestions into post-event 
modifications. Their determination to improve the project was 
obvious. “Wonderful Build” was shortlisted for the 2018 
Young Pin Design Award, and it would be within expectations 
if the team were to win the awards for product and craft designs. 
 
(3) Cohesion had a significant impact on team performance 

The results of this study were consistent with those of 
Jarvenpaa et al. [20], Chen et al. [16], and Hong and Chi [19]. 
In the process of completing the graduation project, the student 
teams shared a common goal, wanting to present the best 
quality work. Enthusiasm for the work created a sense of 
identity and cohesion, resulting in better quality; it was a 
positive cycle. This author found that when students treated 
each other as members of the same team, their attendance 
frequency at the exhibition was higher. They were more willing 
to share the production process and project concept with 
visitors. 

The findings based on the hypotheses of this study are 
consistent with those of past scholars in some of the literature. 
The students in the teams of this study belonged to the same 
department. During the semester, they already knew each other 
through attendance in various courses or participation in 
activities. As such, there was already a certain level of inherent 
cohesion among the team members. On the basis of good 
knowledge sharing, it was easy for them to achieve team 
harmony and performance. 

On the other hand, knowledge sharing in corporations may be 
more difficult to achieve because members of corporate teams 
are from different fields and departments. Their mode of 
existence is also unlike that of the students: most of them likely 
only spend time together during official meetings. Thus, an 
important issue is how they can communicate with one another 
in a mutually understandable way so that new knowledge is 
learned.  

From “Wonderful Build,” “Every Day in Huazhai,” “Spice 
Tale,” and other award-winning student teams, the researcher 

good team interactions, leading to better cohesion and 
information sharing; all members would benefit from the better 
performance. This led to Hypothesis 2. 
H2: Knowledge sharing significantly impacts team 
performance 

In post office management, the cognition of employees 
wearing a uniform has a significantly positive impact on 
cohesion, which in turn has a significantly positive impact on 
the employees’ self-efficacy [6]. The donning of company 
uniforms motivate employees to have a sense of identity toward 
the organization, which creates a strong centripetal force and 
cohesion among them. The same effect was achieved when 
students wore team uniforms during exhibitions. 

Team cohesion is formed by two important factors: social 
cohesion and task cohesion. Through the latter, the former can 
affect members’ intention to leave the team. On the other hand, 
task cohesion is enhanced when team members are able to 
establish mutual relationships through the team’s social 
cohesion. When members have mutual recognition, task 
cohesion is similarly enhanced [19]. Jarvenpaa, Shaw, and 
Staples [20] found that when a team established good 
communication and team identity at an early stage, trust, 
cohesion, and team performance increased. It was thus inferred 
that if students of a graduation project team had good 
interactions built upon the team’s sense of identity, team 
cohesion would be affected. This would inevitably affect team 
performance. Therefore, this study proposed Hypothesis 3. 
H3: Cohesion significantly impacts team performance 
 

Methodology 
This study first explored the impact of cohesion on 

knowledge sharing, followed by the impact of knowledge 
sharing on team performance and the impact of cohesion on 
team performance. The research framework (Fig. 1) was thus 
established; the research findings are discussed next. 

 

 
Fig. 1 Research framework 

The observation participants were selected from graduating 
students of a particular college’s design school. Online and 
paper questionnaires were used for sample collection, followed 
by on-site observations of interactive behaviors among team 
students. During the campus exhibition period, the researcher 
distributed questionnaires for completion or used PAD for 
participants to complete the questionnaire online. One hundred 
questionnaires were retrieved, of which eight were incomplete 
or not suitable and were removed, leaving 92 valid 
questionnaires. The questionnaire was divided into two parts. 
The first part focused on knowledge sharing [5], cohesion [6], 
and team performance [16], with 28 questions and an aim to 
understand members’ interactions. The second part regarded 
demographic variables and related factors. These included five 
question topics: gender, total number of meetings per month, 
average duration of each meeting, completion status of the 

graduation project, and discussion methods. A 7-point Likert 
scale was used for the first part, and the details are described 
below. 

Results  

A. Analysis of the Demographic Variables 
SPSS 20 and Smart PLS 2 were used for data analysis. The 

questionnaires were first sorted and categorized before the data 
were subjected to various statistical analyses. The significant 
level of testing was set to α ≤ .05. Of all the valid samples, 
59.8% were submitted by female participants, indicating a 
prevalence of females in the study sample. This was consistent 
with the actual situation of design schools in Taiwan, where 
there is a higher proportion of females than males [21]. 

In terms of the total number of meetings per month, the most 
popular response was seven times or more. The average 
meeting duration with the most responses was 1–2 hours 
(38.0% of valid samples). The most common discussion 
method was meeting in person (54.6% of valid samples). Most 
respondents had already completed 90% or more of their 
graduation project, accounting for 65% of the valid samples. 
B. Analysis of Model Validity 
(1) Convergent validity 

According to Fornell and Larcker [22] and Nunnally [23], 
both the factor loading and composite reliability (CR) must be 
greater than .7. Fornell et al. [22] noted that the average of 
variance extracted (AVE) and Cronbach’s α must be greater 
than .5 and .7, respectively. PLS-SEM statistical software was 
used to calculate the results. The factor loading of the questions 
on cohesion was .76–.93. For the dimensions of knowledge 
sharing and team performance, the factor loadings 
were .79–.96 and .92–.94, respectively. Four questions did not 
achieve a factor loading of 0.7 and were deleted [24]. 

The CR of the various dimensions was .92–.94, and that of all 
the aforementioned data was greater than .7. The AVE 
was .53–.76, and that of the data was greater than .5. 
Cronbach’s α of the dimensions was .90–.92, and that of the 
data was greater than .7. The contents of these statistical data 
indicate that the study had good convergent validity. 
 (2) Determining the model’s discriminant validity 

The AVE method, a reflective indicator, was used to analyze 
the discriminant validity. Fornell et al. [22] pointed out that the 
root number of each dimension’s AVE must be greater than the 
correlation coefficient between each pair of variables for there 
to be discriminant validity between the various dimensions. 
Table I shows that the AVEs of all the variables were greater 
than the square of the correlation coefficient. These results 
indicate that the study had discriminant validity. 

TABLE I 
ANALYSIS OF DISCRIMINANT VALIDITY 

 

 AVE Cohesion Team 
performance 

Knowledge 
sharing 

Cohesion .61 .78   
Team 
performance 

.76 .66 .87  

Knowledge 
sharing 

.53 .65 .67 .73 

 

C. Inner Model 
(1) Analysis of the model’s predictive ability 
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For the analysis of the structural model, PLS-SEM 
emphasizes the ability to construct formative indicators. It is 
different from methods that estimate the covariates between 
samples, in which all constructed dimensions are reflective 
indicators. The numerical value of the goodness of fit index 
(GFI) is not provided, while the values of R2 and the path 
coefficients are the main references for determining the pros 
and cons of the model [25]. The explanatory powers of the 
endogenous potential variables are high, moderate, or low 
when R2 is greater than .67, .33, and .19, respectively [26][27]. 
The results of the analysis show that R2 of knowledge sharing 
and team performance was .42 and .53, respectively. Thus, both 
dimensions had moderate explanatory powers, indicating that 
the explanatory power of the proposed model was fairly good. 

Significance testing was determined by the t-value. This 
indicator examines the suitability of the potential variables 
using the t-value: the larger the t-value, the greater the 
suitability [28]. PLS uses the resample procedure to determine 
whether the path coefficients are significant. In this study, the 
significance of the path coefficients was analyzed using the 
bootstrapping method [26]. The results of the analysis could be 
determined by the t-values shown in Table II. The standard 
value had been exceeded, all three hypotheses were significant 
and were therefore valid. 

 

TABLE II 
SIGNIFICANCE TESTING VIA THE BOOTSTRAPPING 

METHOD 
 

Research 
hypotheses 

Sample 
Mean 
(M) 

Standard 
Error 

(STERR) 

T Statistics 
(|O/ 

STERR|) 

supported 
 

H1: Cohesion → 
Knowledge 
sharing 

.65 .06 10.50 Yes 

H2: Knowledge 
sharing → Team 
performance 

.42 .11 3.81 Yes 

H3: Cohesion → 
Team performance 

.39 .11 3.45 Yes 

 

 (2) Determining the structural model’s validity 
According to Cohen [29], effect size (ES) is low, moderate, 

or high when f2 = .02–.15, .15–.35, and > .35, respectively. The 
results show that the ES of cohesion on team performance, and 
of knowledge sharing on team performance, was both moderate 
(f2 = .19 and .22, respectively). However, the ES of cohesion 
on knowledge sharing was high, with f2 = .73. Overall, the ES 
of this study’s three hypotheses was moderate–high. 
 

Discussion 

A. Verifying the Hypotheses’ Results 
The results show that all three hypotheses had discriminant 

validity. It could also be seen from Table II that all three 
hypotheses and the structural model were valid. Overall, the 
proposed model had good explanatory powers. Thus, the 
samples could explain the actual situations in which cohesion 
and knowledge sharing and transfer affect team performance. 
 
B. Discussion 
(1) Cohesion had a significant impact on knowledge sharing 

The results were consistent with the findings of Chen & Liu 
[17] and other researchers. During the production of the 

graduation project, when cohesion among team students 
strengthened, team harmony and trust improved, which 
facilitated closer knowledge sharing behaviors. The survey 
found that some student members were actually roommates, 
and had developed a tacit understanding with one other through 
living together. They communicated without much of a barrier, 
which was conducive to the smooth completion of the 
graduation project. 
 
(2) Knowledge sharing had a significant impact on team 
performance 

The findings were consistent with those of Chen and Liu [17], 
Huang and Hsu [5], and Lan and Liu [18]. Frequent knowledge 
sharing and transfer was related to interactions and exchanges 
between student team members. When there was a certain 
volume of knowledge sharing, the frequent transmissions of 
information led to good communication, which in turn led to 
better team performance and successful outcomes. 

In the exhibition hall, student teams whose projects were 
nearer completion had positive attitudes and a higher degree of 
enthusiasm and confidence toward their own projects. Taking 
the “Wonderful Build” team as an example, the members 
would often discuss with one another about ways to modify the 
project or incorporate visitors’ suggestions into post-event 
modifications. Their determination to improve the project was 
obvious. “Wonderful Build” was shortlisted for the 2018 
Young Pin Design Award, and it would be within expectations 
if the team were to win the awards for product and craft designs. 
 
(3) Cohesion had a significant impact on team performance 

The results of this study were consistent with those of 
Jarvenpaa et al. [20], Chen et al. [16], and Hong and Chi [19]. 
In the process of completing the graduation project, the student 
teams shared a common goal, wanting to present the best 
quality work. Enthusiasm for the work created a sense of 
identity and cohesion, resulting in better quality; it was a 
positive cycle. This author found that when students treated 
each other as members of the same team, their attendance 
frequency at the exhibition was higher. They were more willing 
to share the production process and project concept with 
visitors. 

The findings based on the hypotheses of this study are 
consistent with those of past scholars in some of the literature. 
The students in the teams of this study belonged to the same 
department. During the semester, they already knew each other 
through attendance in various courses or participation in 
activities. As such, there was already a certain level of inherent 
cohesion among the team members. On the basis of good 
knowledge sharing, it was easy for them to achieve team 
harmony and performance. 

On the other hand, knowledge sharing in corporations may be 
more difficult to achieve because members of corporate teams 
are from different fields and departments. Their mode of 
existence is also unlike that of the students: most of them likely 
only spend time together during official meetings. Thus, an 
important issue is how they can communicate with one another 
in a mutually understandable way so that new knowledge is 
learned.  

From “Wonderful Build,” “Every Day in Huazhai,” “Spice 
Tale,” and other award-winning student teams, the researcher 

good team interactions, leading to better cohesion and 
information sharing; all members would benefit from the better 
performance. This led to Hypothesis 2. 
H2: Knowledge sharing significantly impacts team 
performance 

In post office management, the cognition of employees 
wearing a uniform has a significantly positive impact on 
cohesion, which in turn has a significantly positive impact on 
the employees’ self-efficacy [6]. The donning of company 
uniforms motivate employees to have a sense of identity toward 
the organization, which creates a strong centripetal force and 
cohesion among them. The same effect was achieved when 
students wore team uniforms during exhibitions. 

Team cohesion is formed by two important factors: social 
cohesion and task cohesion. Through the latter, the former can 
affect members’ intention to leave the team. On the other hand, 
task cohesion is enhanced when team members are able to 
establish mutual relationships through the team’s social 
cohesion. When members have mutual recognition, task 
cohesion is similarly enhanced [19]. Jarvenpaa, Shaw, and 
Staples [20] found that when a team established good 
communication and team identity at an early stage, trust, 
cohesion, and team performance increased. It was thus inferred 
that if students of a graduation project team had good 
interactions built upon the team’s sense of identity, team 
cohesion would be affected. This would inevitably affect team 
performance. Therefore, this study proposed Hypothesis 3. 
H3: Cohesion significantly impacts team performance 
 

Methodology 
This study first explored the impact of cohesion on 

knowledge sharing, followed by the impact of knowledge 
sharing on team performance and the impact of cohesion on 
team performance. The research framework (Fig. 1) was thus 
established; the research findings are discussed next. 

 

 
Fig. 1 Research framework 

The observation participants were selected from graduating 
students of a particular college’s design school. Online and 
paper questionnaires were used for sample collection, followed 
by on-site observations of interactive behaviors among team 
students. During the campus exhibition period, the researcher 
distributed questionnaires for completion or used PAD for 
participants to complete the questionnaire online. One hundred 
questionnaires were retrieved, of which eight were incomplete 
or not suitable and were removed, leaving 92 valid 
questionnaires. The questionnaire was divided into two parts. 
The first part focused on knowledge sharing [5], cohesion [6], 
and team performance [16], with 28 questions and an aim to 
understand members’ interactions. The second part regarded 
demographic variables and related factors. These included five 
question topics: gender, total number of meetings per month, 
average duration of each meeting, completion status of the 

graduation project, and discussion methods. A 7-point Likert 
scale was used for the first part, and the details are described 
below. 

Results  

A. Analysis of the Demographic Variables 
SPSS 20 and Smart PLS 2 were used for data analysis. The 

questionnaires were first sorted and categorized before the data 
were subjected to various statistical analyses. The significant 
level of testing was set to α ≤ .05. Of all the valid samples, 
59.8% were submitted by female participants, indicating a 
prevalence of females in the study sample. This was consistent 
with the actual situation of design schools in Taiwan, where 
there is a higher proportion of females than males [21]. 

In terms of the total number of meetings per month, the most 
popular response was seven times or more. The average 
meeting duration with the most responses was 1–2 hours 
(38.0% of valid samples). The most common discussion 
method was meeting in person (54.6% of valid samples). Most 
respondents had already completed 90% or more of their 
graduation project, accounting for 65% of the valid samples. 
B. Analysis of Model Validity 
(1) Convergent validity 

According to Fornell and Larcker [22] and Nunnally [23], 
both the factor loading and composite reliability (CR) must be 
greater than .7. Fornell et al. [22] noted that the average of 
variance extracted (AVE) and Cronbach’s α must be greater 
than .5 and .7, respectively. PLS-SEM statistical software was 
used to calculate the results. The factor loading of the questions 
on cohesion was .76–.93. For the dimensions of knowledge 
sharing and team performance, the factor loadings 
were .79–.96 and .92–.94, respectively. Four questions did not 
achieve a factor loading of 0.7 and were deleted [24]. 

The CR of the various dimensions was .92–.94, and that of all 
the aforementioned data was greater than .7. The AVE 
was .53–.76, and that of the data was greater than .5. 
Cronbach’s α of the dimensions was .90–.92, and that of the 
data was greater than .7. The contents of these statistical data 
indicate that the study had good convergent validity. 
 (2) Determining the model’s discriminant validity 

The AVE method, a reflective indicator, was used to analyze 
the discriminant validity. Fornell et al. [22] pointed out that the 
root number of each dimension’s AVE must be greater than the 
correlation coefficient between each pair of variables for there 
to be discriminant validity between the various dimensions. 
Table I shows that the AVEs of all the variables were greater 
than the square of the correlation coefficient. These results 
indicate that the study had discriminant validity. 

TABLE I 
ANALYSIS OF DISCRIMINANT VALIDITY 

 

 AVE Cohesion Team 
performance 

Knowledge 
sharing 

Cohesion .61 .78   
Team 
performance 

.76 .66 .87  

Knowledge 
sharing 

.53 .65 .67 .73 

 

C. Inner Model 
(1) Analysis of the model’s predictive ability 
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Abstract 

 
This pilot study was to explore potential effects of outlining a 

2D morphological tooth on a cubic plaster stick by 
implementing augmented reality (AR) technology before an 
actual dental carving, in comparison to a traditional carving 
exercise needed to memorize a true morphology of the tooth. 
The pilot result shows that a use of the AR technology could 
provide a potential visual graphic tool worked as a 2D visual 
guidance directly in drawing the tooth’s outlines before carving 
exercise starts. 
 
Keywords: augmented reality, dental morphology, and carving. 

  
Introduction 

   
To examine the knowledge of dental anatomy and tooth 

morphology as a basic requirement is often used for 
qualification and professional certificates in dental dentistry. 
Performing dental related laboratory procedures for students 
often cause the great stress among their study, such as mixing 
materials, grinding models, carving, and polishing crowns and 
dentures [1].  

A study compared five dental anatomies related carving 
pedagogies and suggested some methods significantly effective 
for learning, for examples, dental morphology information 
received by the geometric method, combination of learning 
through teaching software, and step-by-step instructions [2]. 
Compared to conventional laboratory instruction in dental 
carving, computer-assisted instruction was much easier to 
enhance the carving performance and increase students’ 
motivation because of the advantages of unlimited time using 
digital resource, attractive and interactive material, and along 
with visual guidance instruction [3]. Another study from 
Kilistoff’s experiment demonstrated that pre-doctoral dental 
students’ tooth carving skills were significant improved after 
technique instruction and simultaneously received visual 
feedback carving information [4]. 
    Concerning the cost, number of students, and staff’s 
difficulty, lessons of carving tooth models in wax or soap had 
been dropped in some university [5]. Alternatively, 
self-directed workshops using online handouts and digital tooth 
model to teach carving and tooth morphology was proposed to 
meet teaching requirements. In addition to this study, the 

majority of the students found the cyber pedagogy useful to 
guide tooth morphology, but thought the method should be 
integrated into hands-on carving session.  
   There were more studies focused on evaluation of using 
online-resources and computer-assisted instruction to enhance 
education, such as DVD, smartphone [6], and Virtual Reality 
(VR) [7-8]. These technologies could simulate the environment 
and provide more optimal practice conditions to smooth the 
transition from the traditional model-based laboratory to the 
clinic [9].  

The literatures show that traditional step-by-step instructions 
and real-time visual guidance impact most to the students who 
attempt to learn curving session in dentistry. However, a visual 
outlining dental morphology directly placed upfront of the 
practice is still limited, although a recent technology, 
augmented reality (AR), provides a better eye-hand 
coordination to interact with computer generated 3D images to 
the real-world environment.   

Therefore, this pilot study was to examine an overlap of a 
digital 2D morphology of a tooth directly outlined on a plastic 
carving stick in assisting the students’ plotting according to the 
outlined morphology before a carving exercise begins. After 
the outline plotting, an AR usage related questionnaires were 
given, and the plotting results were also evaluated for the 
groups, who used with and without the AR technology in 
exploring its learning effects before carving practice on a cubic 
plaster stick, in comparison to a traditional pedagogy carving 
exercise attempted to memorize the morphology of a physical 
tooth model.   

Methodology 
 
 This pilot study of plotting a 2D outline of the tooth before carving 
exercise was conducted at the Shu-Zen Junior College of Medicine 
and Management located in south of Taiwan. Three randomly 
recruited female subjects of the college (N=3, age 19 years old), were 
tested when they were in the 2nd year of a five year program at the 
department of dental technology.  Dental carving skills were new to 
them.  

The students were initially asked to fill in a basic information 
about their past experience in using AR related products, 
computers and in favoring specific visual, auditory, and 
kinesthetic (VAK) self-learning styles. Each student, then, was 
asked to operate an AR technology based system platform 
where a phone clamper, a cellular phone (Huawei P20, 

found that each team met more than five times a month. Having 
spent sufficient time together, the members had developed 
good interactive relationships and tacit understanding, which 
enhanced their sense of identity. These allowed them to achieve 
better team performance. This researcher would suggest that 
student team members adjust the total number of meetings and 
the duration of each meeting. Specifically, the total number of 
meetings could be increased, while the duration of each 
meeting could be shortened. Each meeting should be concluded 
within 1–2 hours to improve efficiency. Having multiple short 
meetings is conducive to the cultivation of teamwork. 

For corporations, team members can be motivated with the 
spirit of teamwork and cooperation through their identification 
with an employee benefits system, such as rewards for team 
performance. In the process, employees can cultivate tacit 
understanding and engage in friendly information exchanges 
with each other, benefiting the cohesion of the entire company 
and the achievement of good performance and results [30]. 
 

Conclusion 
Team development is extremely important in today’s work 

environment. Hence, this study focused on students of a design 
school who were undertaking graduation projects through 
teamwork. The aim was to explore the factors affecting team 
performance for the reference of future researchers. The results 
show that student teams with high cohesion engaged more 
frequently in knowledge sharing behaviors, which led to the 
achievement of good team performance. The suggestions for 
team development included ways by which teachers could 
improve the conducting of courses, and by which students 
could adjust the number and duration of meetings. 
Relationships within a team could be cultivated through close 
interactions, mutual discussions, and sharing. These would 
establish a sense of identity and cohesion in members toward 
the team. Student teams could consider increasing the total 
number of meetings but keeping the duration of each meeting 
short (1–2 hours are recommended) to ensure efficiency and 
achieve good team performance. For future research directions, 
it is suggested that the study participants include teams formed 
with interdisciplinary members. The relationships between the 
various dimensions can also be examined using additional and 
different variables. 
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