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Abstract 

In the current decade, there are two prevailing trends in STEM education, the rise of online 
education and the integration of the 21st century skills into technical curricula.  Online education 
is the fastest growing segment of the US education sector.  Particularly in STEM programs, there 
is a need for preparing students for increasingly complex work environments in the 21st century.  
Teamwork has been a norm in many programs to improve students’ professional skills.  
Although online education has significantly grown, only limited research addresses the 
effectiveness of teamwork in online settings.  This paper focuses on investigating differences in 
online and face-to-face students’ interest in teamwork.  Interest in a domain is an important 
construct indicating how much learners are willing to exert effort to learn about the domain.  
Therefore, interest can be used as an assessment metric to evaluate students’ professional skills 
development.  

I. Introduction 

Solving the complex problems of the modern society requires multi-disciplinary approaches 
grounded in knowledge and skills from many disciplines, including non-engineering ones.  
Multi-disciplinary teams bring together knowledge, background, and expertise, which cannot be 
embodied in a single person.  Therefore, multi-disciplinary problem solving teams have been an 
important part of the contemporary organizational culture today.  However, analyzing a problem 
with a multi-disciplinary perspective demands more than putting together a team of members 
from various disciplines and backgrounds.  The multi-disciplinary nature of a team does not 
guarantee successful team performance. The research shows that the performance of a team 
depends on how effectively team members are able to share information, assign tasks based on 
the strengths of team members, coordinate tasks, and provide feedback to one another.1  For 
example, the high failure rate observed in information technology (IT) projects has been 
attributed to the lack of professional skills in project teams, but not to technical deficiencies in 
these teams.2,3  Therefore, educating our graduates as effective team members is as important as 
providing them with advance technical knowledge and skills. 
 
In the last two decades, academic institutions have put significant efforts toward enhancing their 
curricula for providing their students with teamwork skills along with technical ones.  As a 
result, teamwork has become very common in engineering and technology programs.  The 
accreditation boards, such as the Accreditation Board of Engineering and Technology (ABET), 
also require evidences that students are actually acquiring teamwork skills.  However, the 
assessment of teamwork skills like all professional skills is challenging.  Unlike technical skills, 
which can be acquired and assessed discretely, intellectual and social abilities of students slowly 
mature throughout their education.4,5,6  In our earlier work, for example, we have identified that 
teamwork skills and awareness in engineering students leap after the third year, specifically 
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when they are involved in internships or capstone design experiences.4  Furthermore, teamwork 
skills are personal and highly subjective. 
    
In the last decade, online education has been steadily expanding.  The number of students taking 
at least one online course increased from 1.6 million in 2002 to 7.1 million in Fall 2012, 
representing annual growth rate of 16.1 percent, according to a survey report5 periodically 
published by Bobson Survey Research Group to track the state of online education in the US.  In 
the same report, the majority of higher institutions also identify online education as a critical 
component of their long-term growth strategies.  Expansion of online education has brought new 
challenges for teaching and assessing professional skills.  The lack of face-to-face 
communication might be the most important challenge for teamwork in online courses.  These 
challenges can cause negative attitudes in students toward teamwork in online settings.  
Although both face-to-face and online students can exhibit negative attitude toward teamwork, 
several papers6,7, 8, 9,10 report a lower satisfaction of teamwork among online students than face-
to-face students.  In a study6 involving IT students, for example, we found that online students 
exhibited more negative attitude toward teamwork than face-to-face students did.  In another 
study11 about an online cyber security course, students rated group work activities among the 
least favored parts of the course.   
 
In this paper, we investigate and compare face-to-face and online students’ interest in developing 
their teamwork skills.  When students are interested in the subject matter, they tend to process 
the information more efficiently and use more effective strategies that lead to deeper learning.  
Interest is also an important construct for identifying students’ career choices.  In a longitudinal 
study12, for example, interest predicted the likelihood of students’ majoring in psychology more 
accurately than their academic performance in an introductory psychology course. Interest is also 
shown8 to have a strong correlation with academic achievement and professional experience of 
engineering students. In this paper, we mainly focus on individual interest, which is the long 
lasting interest that motivates learners to be proficient in a domain.  Our primary goal is to 
investigate the validity of interest as a new construct to evaluate students’ development in 
teamwork proficiency.  Our main hypothesis is that interest can predict students’ proficiency in 
teamwork regardless of face-to-face or online education.  Because majority of online students are 
non-traditional students with real-life professional experience, comparing their teamwork interest 
and attitude to those of face-to-face students can provide important insight in this respect.  Our 
research questions are as follows:  

• Can interest be used to assess teamwork skills and proficiency?  
• Is there any difference between face-to-face and online students in terms of their interest 

in developing their teamwork skills? 
• What are the factors affecting students’ levels of interest in developing teamwork skills?  
• Is there any difference between the attitudes of online and face-to-face students toward 

teamwork? 
 
II. Background 
 
The research in this paper is built upon the foundation of the Model of Domain Learning (MDL) 
which was developed by Alexander and her colleagues.14,15,16  MDL is a learning theory that 
aims to explain how a learner becomes an expert in a domain.  According to MDL, a learner goes 
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through three progressive and incremental developmental stages, i.e., acclimation, competency 
and proficiency, while becoming an expert in a domain.  MDL suggests that as learners have 
different types of domain specific knowledge, strategic processing abilities, and interest in the 
domain in each of these developmental stages.  Thereby, the evidence of development is 
observed when learners demonstrate shifts along these three learning-based dimensions, i.e., 
knowledge, strategic processing, and interest, toward expertise.  Therefore, MDL has been 
proposed16 as a theoretical framework for assessing teamwork skills because of its validity of 
predicting the stages of student development.    
 
In MDL, two types of interest are considered: individual and situational interest.  Situational 
interest arises spontaneously due to external factors such as a new topic, an engaging text, or a 
movie clip. In the acclimation stage, the interest is situational interest, which means that learners 
show interest only due to an increased attention as a new topic is introduced.  On the other hand, 
individual interest is the long lasting interest that motivates learners to acquire more knowledge 
in a domain.  Learners are willing to immerse themselves into a topic and show increased 
commitment.  Interest in the proficiency stage is an individual interest.  According to MDL, 
deeper knowledge and strategic processing abilities in a domain leads to increased individual 
interest.  Therefore, individual interest is also a precursor for sustaining long-term learning17. 
Empirical studies conducted by Alexander et al.14 show that there are complex interactions 
between knowledge, interest, and strategic processing through which expertise is gained.   

 
III. Research Methodology 
 
We designed a survey instrument to measure interest and some other related variables, and the 
survey was emailed to information technology students at a university with multiple campuses.  
The responses to the survey were analyzed to answer the research questions.    
  
Description of the Instrument 
The instrument has two types of interest questions.  The first group of questions intends to 
measure how frequently students engaged in learning activities related to teamwork 
(Engagement Interest).  These questions are operationalized using four-level Likert scales 
(1=None, 2=Once, 3=A few times (2-3), 4= Several times or more (>4)).  The questions in this 
group are given as follows: 

• Attended a speaker event about teamwork 
• Watched a documentary or training video about teamwork 
• Watched a video clip outside of class work about teamwork 
• Attended a workshop about teamwork 
• Asked questions to an expert (professor, consultant etc.) about effective teamwork 
• Performed a web search to learn about effective teamwork 
• Read a book about teamwork 

 
The second group of questions aims to measure students’ individual interest to improve their 
teamwork skills and abilities.  These questions are also operationalized using four-level Likert 
scales (1=Very Uninterested/Unlikely, 2=Uninterested/Unlikely, 3=Interested/Likely, 4= Very 
Interested/ Very Likely).  The questions in this group are given as follows: 

• Rate your level of interest in attending a free workshop on teamwork. 
• Rate your level of interest in reading literature about effective teamwork. 
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• While you are browsing a news website, you have spotted an article called “How to be 
Effective in Teamwork.” Rate your likelihood of reading this article. 

• Rate your level of willingness to take an elective course in order to improve your 
teamwork skills. 

• In your institution, a renowned teamwork guru will give a workshop on teamwork skills.  
If you have to pay $10 for this workshop, rate your level of interest in attending this 
workshop. 

 
In addition to these interest questions, the instrument included questions to measure teamwork 
self-efficacy, attitude toward teamwork, and perception of importance of teamwork.  As we 
discuss in the following section, these measures are used to control for individual differences 
among students.   
 
To measure the overall attitude toward teamwork, the following Likert scales questions 
(1=Strongly Disagree, 2=Disagree, 3=Agree, 4= Strongly Agree) are used: 

• I usually have a negative experience with teamwork (reverse coded)  
• I would rather work on team projects than on my own 
• I like to participate in teamwork 
• I am usually motivated to participate in teamwork 

 
In order to measure their teamwork self-efficacy, students are asked to rate themselves using 
four-level Likert scales (1= Very Unconfident, 2=Unconfident, 3=Confident, 4= Very confident) 
with respect to the following teamwork skill, knowledge, and abilities.  

• Establishing specific team goals 
• Evaluating team progress toward each team goal 
• Providing feedback on the team or individual performance 
• Accepting feedback and criticism positively 
• Making adjustments based on the feedback 
• Defining tasks and clear task expectations to achieve these team objectives 
• Defining tasks sequences and inter-dependencies 
• Defining and understanding team roles and role expectations 
• Identifying team resources and team member skills 
• Distributing workload in a fair and logical manner 
• Coordinating and synchronizing tasks, information, and task inter-dependencies among 

team members 
• Communicating effectively in a team setting 
• Openly expressing ideas 
• Giving feedback to others 
• Using communication technologies skillfully to coordinate team tasks 
• Listening to others effectively 
• Understanding of the messages conveyed by the non-verbal behaviors 
• Controlling non-verbal behaviors 
• Recognizing and encouraging constructive and civil discussions in a team 
• Recognizing undesirable conflict and understanding the source of undesirable conflict 
• Maintaining team unity even when team members cannot compromise and negotiate a 

solution 
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• Employing win-win negotiation strategy when conflict arises 
• Identifying problems requiring group problem solving 
• Involving team members in decision making process 
• Implementing proper group problem solving techniques for the problem at hand 

 
To measure the relative importance of teamwork skills, students are asked to rate the relative 
importance of having teamwork skills with respect to the importance of the domain specific 
skills in order to be successful in their intended professional career (1=Not as important as the 
domain knowledge, 10=As important as the domain knowledge).  Finally, the instrument 
included several background and demographical questions.  
 
Participants 
The survey instrument was emailed to students in a college, which has a strong online presence.  
After data cleaning, n=359 responses were used in this study.  The distributions of the responses 
across various demographic metrics are presented in Table 1.  The online group mainly includes 
non-traditional students (79.9%) whereas the face-to-face group is mainly consist of traditional 
students (78.6%).  An overwhelming majority of online students have full-time jobs as expected.  
The distribution of the students in terms of gender, class standing, and GPA (dean list) are 
similar across the two groups with small variations.       
 

Table 1. Background and demographical information of the participants. 

 
Face-to-Face (n=220) 

 
Online (n=139) 

 
Full-time Job (>40 hours) No 87.2% 13.7% 

Yes 12.8% 86.3% 
Veteran No 86.8% 70.8% 

Yes 13.2% 29.2% 
Non-traditional 
(age > 25) 

No 78.6% 20.1% 
Yes  21.4% 79.9% 

Gender: Female 24.7% 22.8% 
Male 75.3% 77.2% 

Dean List No 58.8% 45.0% 
Yes 41.2% 55.0% 

Student Organization No 54.9% 79.5% 
Yes 45.1% 20.5% 

Class Standing First Year 29.2% 22.1% 
Second Year 22.7% 19.5% 
Third Year 19.6% 30.2% 
Fourth Year 28.5% 28.2% 

Professional Society No 96.8% 92.6% 
Yes 3.2% 7.4% 

Minor No 65.6% 89.0% 
Yes 34.4% 11.0% 
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IV. Statistical Analysis 
 
For each participant, we calculated the Engagement Interest, Individual Interest, Attitude, and 
Self Efficacy scores by averaging the participant’s ratings of the corresponding survey questions.  
The internal consistencies of Engagement Interest, Individual Interest, Attitude, and Self 
Efficacy variables were calculated using Cronbach's α.  Table 2 presents the means and standard 
deviations of these variables across three factors used in the statistical analyses as well as their 
Cronbach's α values.  In terms of class standing, we grouped participants into two levels as 
Lower (The First and Second Year) and Upper (The Third and Fourth Year) because teamwork 
interest development is expected to progress slowly.  We also compared the variable means 
across the three factor using t-test.  In the table, the means are indicated by asterisks and bold 
characters if they are significantly different (at p < 0.05) between the two levels of the factors.  
 

Table 2. Mean and standard deviations (Std. Dev.) measured variables across the three factors. 

Factor/ Levels  

Engagement 
Interest  

(α=0.847) 

Individual 
Interest 

(α=0.861) 
Attitude 

(α=0.709)  

Self 
Efficacy 

(α=0.956) 
Relative 

Importance 
Student Type       
Face-to-Face (0) Mean 1.509 2.196 2.776* 3.226 8.059* 

Std. Dev. 0.551 0.689 0.600 0.450 1.907 
Online (1) Mean 1.680* 2.425* 2.445 3.286 7.596 

Std. Dev. 0.753 0.767 0.594 0.492 2.537 
Class Standing       
Lower Level (0) Mean 1.509 2.233 2.640 3.176 7.737 

Std. Dev. 0.574 0.702 0.611 0.466 2.183 
Upper Level (1) Mean 1.632 2.327 2.672 3.311* 8.039 

Std. Dev. 0.686 0.746 0.625 0.457 2.151 
Gender       
Female (0) Mean 1.378 2.279 2.559 3.255 8.084 

Std. Dev. 0.463 0.692 0.602 0.451 2.137 
Male (1) Mean 1.636* 2.278 2.683 3.248 7.822 

Std. Dev. 0.672 0.739 0.623 0.473 2.179 
*The values in the same column and factor are significantly different at p < 0.05 in the two-sided test of means.  
Tests are adjusted using the Bonferroni correction. 

In order to study the differences between the face-to-face and online students in terms of their 
Individual Interest and Engagement Interest as well as to understand the causes of any 
difference, we used Univariate Analysis of Variance (ANOVA).  The ANOVA model was run 
for each independent variable using three factors, Student Type, Gender, and Class Standing, and 
three covariates, Attitude, Self-Efficacy, and Relative Importance.  In the models, the covariates 
were used to control for the individual differences in perceptions and self-reported abilities of the 
students. Tables 3 and 4 present the outputs of the ANOVA models for independent variables, 
Individual Interest and Engagement Interest, respectively.  In the tables, the regression 
coefficients (B) and Partial Eta Squared values are also provided to gauge the effect sizes of the 
independent variables on the dependent variables.    
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Table 3. ANOVA results for Individual Interest 

Source 

Type III 
Sum of 
Squares df 

Mean 
Square F Sig. B 

Partial Eta 
Squared 

Corrected Model 50.296a 10 5.030 12.347 0.000  0.248 
Intercept 11.347 1 11.347 27.856 0.000 1.629 0.069 
(1) Relative Importance 23.702 1 23.702 58.185 0.000 0.126 0.134 
(2) Attitude 8.192 1 8.192 20.109 0.000 0.263 0.051 
(3) Self Efficacy 3.885 1 3.885 9.538 0.002 -0.226 0.025 
(4) Type  7.941 1 7.941 19.495 0.000 0.439 0.049 
(5) Gender  0.022 1 0.022 0.054 0.817 -0.269 0.000 
(6) Class Standing 0.158 1 0.158 0.388 0.533 -0.123 0.001 
(4) x (5) 0.083 1 0.083 0.204 0.651 0.303 0.001 
(4) x (6) 0.390 1 0.390 0.958 0.328 0.073 0.003 
(5) x (6) 1.174 1 1.174 2.881 0.090 0.504 0.008 
(4) x (5) x (6) 0.837 1 0.837 2.056 0.152 -0.461 0.005 
Error 152.756 375 0.407        
Total 2210.714 386          
Corrected Total 203.052 385          

R Squared = .248 (Adjusted R Squared = .228), Lack of Fitness Test: F=1.230, p-value=0.337 

     

Table 4. ANOVA Results for Engagement Interest 

Source 

Type III 
Sum of 
Squares df 

Mean 
Square F Sig. B 

Partial Eta 
Squared 

Corrected Model 24.652a 10 2.465 7.179 .000  .161 
Intercept .036 1 .036 .105 .746 0.405 .000 
(1) Relative 
Importance 4.939 1 4.939 14.382 0.000 0.057 .037 
(2) Attitude 1.175 1 1.175 3.421 0.065 0.100 .009 
(3) Self Efficacy 3.835 1 3.835 11.168 0.001 0.224 .029 
(4) Type  1.337 1 1.337 3.893 0.049 0.228 .010 
(5) Gender  4.994 1 4.994 14.541 0.000 0.578 .037 
(6) Class Standing .087 1 .087 .254 0.614 0.120 .001 
(4) x (5) .645 1 .645 1.879 0.171 0.348 .005 
(4) x (6) .084 1 .084 .245 0.621 0.072 .001 
(5) x (6) .920 1 .920 2.678 0.103 0.338 .007 
(4) x (5) x (6) .335 1 .335 .976 0.324 -0.291 .003 
Error 128.776 375 .343        
Total 1108.783 386          
Corrected Total 153.428 385          

R Squared = .161 (Adjusted R Squared = .138) Lack of Fitness Test: F=0.852, p-value=0.710 
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V. Discussion of the Results 
 
We observed statistically significant differences in the attitudes of the face-to-face and online 
students toward teamwork.  Although both group of students had mainly positive attitude, the 
face-to-face students indicated slightly more positive attitude toward teamwork than the online 
students did (see Table 2).  Similarly, the face-to-face students rated the relative importance of 
teamwork higher than the online students did.  On the contrary, the online students rated their 
Engagement Interest and Individual Interest higher than the face-to-face students did, and the 
difference was statistically significant as reported in Table 2.  There was no statistically 
significant difference between the face-to-face and online students in terms of their teamwork 
self-efficacy.  As we previously observed in engineering students, the IT students participated in 
this study rated their teamwork self-efficacy very high.   The class standing was the only factor 
with a statistically significant effect on self-efficacy. Gender was found to have no significant 
effect on all measured variables, excluding Engagement Interest.   

The results of the t-test and ANOVA revealed important findings for our research questions.  
Both t-test and ANOVA indicated that the online students had higher levels of Individual Interest 
and Engagement Interest in teamwork despite to the fact that they had more negative attitude.  
Even after controlling for individual differences in the ANOVA model, being an online student 
was found to be a significant factor for Individual Interest (p-value=0.000, Eta Squared=0.049) 
and Engagement Interest (p-value=0.049, Eta Squared=0.010).  This result may seem to be 
unexpected in the first glance.  In the target student population, however, an overwhelming 
majority of the online participants constitute non-traditional students with full-time jobs as given 
in Table 1.  Typically, the online students are looking forward to pursuing new careers or 
advancing their current careers.  On the contrary, the face-to-face students are predominantly 
traditional students who started college right after high school.  Therefore, in this study, it is safe 
to assume that the majority of the online students have already developed their professional skills 
in their current careers.  This observation is particularly important for our main research question 
and supportive of our research hypothesis, i.e., whether interest can be used to assess teamwork 
skills and proficiency of students.  Our findings suggest that students’ individual interest is 
increased as they progress from a more novice stage to an expertise stage of teamwork skills and 
abilities.  To further support this claim, 95% confidence intervals of the means of Individual 
Interest and Engagement Interest are plotted against Class Standing for the face-to-face and 
online students.  Figure 1(a) shows a steeper increase in the face-to-face students’ Individual 
Interest from the Lower Level and to Upper Level while the online students have only limited 
increase (both increases are not significant).  This outcome is mainly due to fact that the online 
students have already high levels of individual interest in teamwork mainly because of their real-
life work experience.  
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(a) Individual Interest 

 
(b) Engagement Interest 

Figure 1. Growth of interest in the face-to-face and online students across their academic 
standing. 

These findings have important ramifications for the main research objectives of this paper.  First 
and foremost, we can use Interest as a reliable construct to assess teamwork proficiency.  As 
predicted by MDL, learners acquire teamwork knowledge, skills, and abilities slowly, and as 
they become more competent in teamwork, they are willing to exert more effort in order to excel 
it.  

In terms of the second research objective, our findings suggest that the online students tend to 
have more negative attitude toward teamwork compared to the face-to-face students.  This 
finding is also parallel to some of the earlier empirical studies. The previous research mainly 
attributes negative attitude toward teamwork to the challenges of conducting team projects in 
online settings.  In our case, it is clear that the online students do not lack teamwork skills; on the 
contrary, they have substantial professional experience.  In the target program, the majority of 
classes include teamwork projects in order to develop students’ teamwork skills.  The online 
students may not perceive this benefit of teamwork because they have already been in many real-
life team settings. Therefore, they may see online teamwork as an extra burden for their 
academic goals.  

Clearly, better strategies and approaches are needed to incorporate teamwork into online courses, 
in particular for non-traditional students.  One of the reasons students take online courses is that 
they would like to have more flexibility in their schedules.  This flexibility in scheduling also 
leads to difficulties in arranging meetings among team members. Finding a common time, even 
for an online meeting, can be challenging. Another challenge of teamwork in online classes is 
planning overhead. The difficulty in communicating with people also contributes to the increased 
planning overhead for team meetings. The lack of Challenge and Explain Cycles21 is also another 
disadvantage of teamwork in online learning. Face-to-face team member reach consensus by 
challenging one another with questions and responding to them.  However, it is difficult to 
maintain Challenge and Explain Cycle in online team.  Online team projects should be designed 
by considering these challenges.  
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VI. Conclusions 
 
In this paper, we summarized the findings of an empirical study to investigate the differences 
between face-to-face and online IT students in terms of their individual and engagement interest 
in teamwork and the factors behind such differences.  We have shown that students’ individual 
interest in teamwork grows with their professional experience. This finding conforms to the 
theory of MDL which states that a learner’s interest in a domain changes from situational to 
individual interest as the learner’s expertise in the domain improves, i.e. proficient learners have 
a long term, personal connection to the domain, leading to its further exploration.  Therefore, we 
recommend interest as an additional metric to measure in the assessment of students’ teamwork 
knowledge, skills, and abilities.  
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