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Abstract – Participation by students in multinational engineering 
design projects is an activity that has been implemented at academic 
institutions with the objective of exposing the students to 
globalization. Such collaborations are becoming a very important 
practice that prepare students to be aware of the various aspects that 
are faced whenever work is performed in a global environment. 
There have been several approaches for the implementation of these 
activities in the curriculum, and the one presented here is an 
engineering design project conducted with the participation of 
students from six different countries. As an assessment of the 
students’ experience, three specific open-ended questions were asked 
at the end of their participation. These questions cover the basic 
information of like-dislike-recommendation regarding the 
collaborative experience. Proper interpretation of responses to open-
ended questions is a complex task, and several approaches have been 
reported. Data analytics technique of topic modelling is utilized in 
order to get an objective assessment. Based on the valid responses 
post-event (n = 95) from the participants to the three basic questions, 
together with the corresponding demographic information, the 
feedback is evaluated and conclusions are drawn regarding the effect 
of ethnicity, which is directly related to geographic location. Positive 
feedback related to the value of the international experience, 
negative feedback related to logistics, and recommendations related 
to communication have been identified based on ethnicity grouping. 
These conclusions validate previous ones drawn based on numerical 
feedback on motivation, and will be utilized to improve the offering 
of a similar multinational collaboration engineering design project 
to students.  
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project, international collaboration. 
 

I.  INTRODUCTION 

Global engineering collaborations have become a 
fundamental component in current product design activities. In 
fact, because of the growing complexity of today’s products, 
their development requires to integrate knowledge and skills 
across disciplines and organizations resulting in a high levels of 
collaboration between diverse parties. Working on a 
collaborative environment provides the advantages of having 
complementary resources, information and ideas that 
compensate for the limitations of a design done individually. 
The expected result is a product that could not have been 
achieved by any individual acting alone. 

A main catalyst that has increased collaboration in 
engineering design projects is the growth in Information 
Technologies (IT), in particular communication and 
computational capabilities. These developments improves the 

capabilities for sharing information across teams of designers 
located around the world, and provides the infrastructure 
necessary for an integrated and distributed engineering 
environment [1]. However, working on multi- or inter- 
disciplinary projects is inherently challenging, and effective 
collaboration may require new ways to share information. 
These challenges “include aspects such as differences in 
language, culture, education, and government regulations, as 
well as teams working across different time zones around the 
world” [2]. As result of these challenges, there is a growing 
demand for professionals who are able to effectively and 
efficiently communicate and collaborate with partners from 
different countries and cultures [3].   
 It is evident that there is an educational challenge regarding 
training experiences offered to students so that they acquire the 
skills necessary to operate in an interdisciplinary and 
intercultural collaborative environment. As a result, many 
engineering programs are incorporating educational 
experiences to better prepare students for the global working 
environment. Multinational collaborative projects are a good 
example of such experiences used to promote the development 
of global competencies in students, combined with the 
additional technical knowledge of a particular discipline. These 
projects are characterized by having teams geographically 
dispersed but working on a common design project. A 
multinational collaborative project involving students from the 
US, Latin America and Europe [4] is the one considered in this 
study. A main reason to implement this project comes from the 
notion that while international projects offer new opportunities 
for diversification and expansion, they also introduce risks 
because of cultural, administrative, geographic, marketing, and 
economic differences between the organizations involved [5]. 
Therefore, students must be prepared also to understand and 
deal with these challenges. 
 

II. BACKGROUND 

Assessment of those collaborative experiences is essential 
in order to define proper interventions that improve the overall 
benefits for the students. Direct feedback from participants is 
the most acceptable vehicle to collect evaluation data. At the 
same time, in order to avoid any bias in such evaluations, open-
ended questions are the better option to get feedback from 
participants. For this report, data was collected via an online 
survey that collected information on three main areas: 
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demographics, motivation of students, and direct feedback. 
Analyses of the motivational aspects of the survey have been 
reported previously [6, 7]. The objective in this report is to 
extract important trends in the feedback provided by the 
engineering students participating in a multinational 
collaborative project, indicating any specific dominant 
demographic factor.   

International collaboration in engineering academic 
institutions is something that has been requested by 
professional engineering societies and practitioners in industry, 
to the level that several institutions located in Latin America 
have already begun to answer the call to create an 
internationally prepared engineer [8], with several efforts 
focusing on the issues and approaches for preparing 
engineering educators [9]. At the same time various, as 
previously reported [10], organizations have indicated the need 
to “promote the formation of world-class engineers for the 
Americas as well as an assortment of resources and 
opportunities that facilitate the participation of faculty, staff, 
and students from Latin America and the Caribbean in a variety 
of engineering education experiences.” 

A collaborative network of institutions from the Americas 
and Italy has developed and implemented collaborative 
multinational design projects as part of academic experiences 
for their students. The main goal of these projects is to foster 
international collaboration and to offer an opportunity to the 
students to develop professional skills through international 
teamwork effort in the solution of a design problem. However, 
a real challenge of this practice has been to create an effective 
interaction among the students participating in this type of 
projects and to maintain the flow of information, and students’ 
engagement in the project and in their learning [11]. The 
multinational collaborative project used in this study follows 
the parallel projects approach in which teams from different 
countries work on the same design project, and clusters of 
collaboration are formed for the international teams to 
exchange information and enrich the final conceptual design. 
Clusters are created in such a way that teams formed on each 
participating institution are paired with teams from other 
countries to enforce exchange of information and collaborative 
work. The interaction of the students is expected to take place 
using the formal means of communication that have been 
established for the collaboration and they are: audio-video 
conferences (Adobe Connect), email, and a cloud storage 
application selected for the project. Additionally, teams are 
allowed to use informal means of communication to keep the 
interaction active during the project and this includes social 
media, texting, cellular phones and other online communication 
tools as the teams consider appropriate. The projects last for 
eight weeks and teams are required to interact for at least five 
weeks including four scheduled video-conferences. 

     
III. PROPOSED APPROACH 

To identify trends in the responses by student participants 
to feedback open-ended questions is the objective of this study. 

Those trends will be based on the use of a data analytics 
approach to investigate any possible relationship between text 
answers and some of the demographic factors collected in the 
surveys. The specific analytical approach is topic modelling, 
and its application is by means of utilizing an implementation 
in R-language, with the corresponding links to the data analytic 
routines.   

Topic modeling is a non-supervised technique to cluster 
documents in different groups about a specific theme or topic. 
The idea behind this technique is to group related words like 
student, homework, teacher in a chosen topic, like university. 
There are different techniques such as Latent Dirichlet 
Allocation (LDA) [12], Term Frequency, Inverse Document 
Frequency [13], and Non-negative Matrix Factorization. More 
specifically, the Latent Dirichlet Allocation algorithm for 
Topic Modeling assumes that documents are generated from a 
mixture of topics. Thus, given a set of documents, the LDA 
algorithm iteratively infer the topics that can be extracted for a 
specific theme. LDA uses a document-term matrix 
representation of all documents and words in a corpus. Then, 
taking into account the k number of topics, this matrix is 
decomposed into two matrices, a document-topics one and a 
term matrix.  The former represents the probability of a 
document belonging to a given topic k. The latter models the 
probability of words to be in that given topic k.  Subsequently, 
the weights in the matrices are updated taking into account the 
proportion of words in documents that are assigned to the 
topic k and the proportion of topics overall documents that 
come from word w. These steps are repeated until 
convergence is accomplished in the process, resulting in the 
identifications of topics or themes represented by the 
documents (i.e., survey responses) provided. In this cases the 
user has the option to specify the number of topics k to be 
identified, which is usually based on establishing a balance 
between quantity of topics and their importance. 

Similarly, another data analytics technique applied in this 
case is Sentiment Analysis, or opinion mining, which is an 
approach that attempts to determine whether an opinion, 
expressed in written text, is positive, negative or neutral, with 
respect to specific entities/factors or characteristics [14]. These 
entities may be products, services, organizations, individuals, 
events or topics [15]. Nowadays, the Sentiment Analysis tasks 
are typically performed by corporations or businesses looking 
for relevant information for their stakeholders. Companies 
collect and analyze massive amounts of textual data, generated 
in, for example, social networks and surveys (administered by 
themselves or by a third-party agency) with the intention to 
identify specific trends or conclusions that support the mission 
or objective of the corporation/business.  

In academic institutions, an approach such as Sentiment 
Analysis can be used to evaluate the perception or the 
motivation of students concerning development or 
implementation of specific task(s) in a course, or even for a new 
course or field of study. In fact, at the end of a semester, some 
lecturers perform a survey to capture feedback related to the 
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appropriateness of the task or topic/course implemented. 
Sentiment Analysis can be performed in two ways:  

 using supervised machine learning methods 
 using dictionaries 
The first method uses a well-known machine learning 

technique called classification. The classification needs a 
labeled corpus, i.e., a set of positives and negatives documents 
and, a classification algorithm “learn” from using this labeled 
corpus to predict the class (positive/negative) when a new 
document without class arrives. Several articles have been 
published involving the application of this method [16 – 18]. 

The idea behind the second method is to use two, or more, 
dictionaries. One of positive word(s) and the other one 
containing negative word(s). This approach starts parsing each 
word in each document and comparing it with words in both 
dictionaries. If a word in a document matches with a word in a 
positive dictionary, the positive sentiment index of the 
document counts as plus one. The strategy is the same for 
negative words in the document. Finally, for each document, 
the number of positive and negative words in the document are 
compared, and the sentiment (positive or negative) is obtained. 
This method has been presented and applied in several reports 
in the literature [19-21], and in the present study these approach 
is utilized to deduce the polarity embedded in the responses to 
open-ended questions in the administered survey.  

 
IV. RESULTS 

This study is based on data collected during the 
multinational collaboration that took place during the Fall 2015 
semester. In this instance, 54 international teams from seven 
different institutions representing six countries were grouped in 
12 clusters. Six clusters had five international teams and six 
clusters had four international teams, as can be seen in Table I. 
The project consisted on the design of an appropriate workspace 
for prototyping with hand-tools. The following requirements 
were defined for the project: the workplace was to 
accommodate up to four people working simultaneously; 
workers with various types of disabilities should be able to use 
the facility; workbenches were to be utilized for prototyping 
and tools/materials storage; workbenches were to be installed 
in 34 m2 room with the footprint of the workbenches limited to 
a maximum of 50% of the room space. 

The survey administered after students participation had 
five demographics questions and three open-ended questions. 
The first five questions allowed characterization of the 
population participating in the study. The last three question 
provided the feedback for assessment and intervention 
purposes. The total number of participants in the collaborative 
effort was 218, with 95 responses captured online at the end of 
the semester, but only 87 of them considered as valid responses, 
i.e., 40% response rate. The main demographic data collected 
was (one question is related to their enrollment in the 
collaborative effort):  

1. What is your location? [Answers vary between 1 and 6, 
based on country]. 

2. What is your class standing? [Answers vary between 1 
and 5, based on year in college – 1 is first year]. 

3. What is your gender? [Answers vary between 1 and 3, 
male/female/other].   

4. What is your ethnicity? [Answers vary between 1 and 6, 
based on race].  

The three questions included in the questionnaire to capture the 
appreciation of the students are open-ended and the answers by 
the students were given in text format (online). The questions 
are the following ones:  
 (Q1) What did you like most about the collaborative 

project? 

 (Q2) What did you like least about the collaborative 
project? 

 (Q3) What would you recommend to improve the 
collaborative experience? 

TABLE I 
CLUSTERS TEAM DISTRIBUTION 

Cluster BR CH EC HO IT US1 US2 Total 
1  2 1   1 1 5 
2  2 1   1 1 5 
3  2 1   1 1 5 
4  2 1   1  4 
5  2 1   1  4 
6  2 1   1  4 
7  2  1 1 1  5 
8  2  1  1 1 5 
9  2  1  1 1 5 
10  2  1  1  4 
11  2  1  1  4 
12 1 2    1  4 

Total 1 24 6 5 1 12 5 54 
BR: Brazil/CH: Chile/EC: Ecuador/HO: Honduras/IT: Italy/US1: United 
States (University 1)/US2: United States (University 2) 
 

The datasets from these questions were used in the analyses 
presented in this study, basically the application of the Topic 
Modeling and the Sentiment Analysis approaches to the textual 
data of the surveys. The first step is to take a look at the actual 
data collected based on demographics.  
 
First, we explore the dataset to analyze the number of answered 
surveys corresponding to each of the demographic factors, such 
as standing, gender, and ethnicity. Figure 1 illustrates 
information regarding standing, where the largest group 
represents first-year students; Figure 2 illustrates the 
breakdown based on gender, the participants were 83% male 
and 17% female; and Figure 3 illustrates the ethnicity of the 
participants, indicating that the largest group is #5, which 
represents Caucasian ethnicity. Based on these results, and as 
well taking into account recommendations for the Topic 
Modeling using LDA algorithm, it is decided to perform a 
grouping based on ethnicity, which implies that the results will 
be a reflection of US student population and non-US 
population. There is high level of correlation between ethnicity 
#5 and a participant being from a US academic institution.  
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Figure 1. Breakdown of respondents based on Class Standing. 
 

 
Figure 2. Breakdown of respondents based on Gender. 

 

 
Figure 3. Breakdown of respondents based on Ethnicity. 

 
  Performing Topic Modeling to total dataset, and selecting 
the identification of three topics (Table II), results in positive 
responses regarding the international experience (country), the 
global teamwork (team), and the concept (idea); with negative 
responses related to communication, time, and work level; and 
suggestions related to timing and communication.   
 
 
 

TABLE II 
TOPIC MODELING BASED ON ALL ANSWERS IN THE SURVEY 

 Topic1 Topic2 Topic3 

Q1 country 
people 
different 

student 
meeting 
team 

working  
idea 
liked 

Q2 team 
communication 
would 

time 
group 
work 

team 
working 
hard 

Q3 time 
work 
group 

team 
working 
communication 

group 
team 
time 

 
Once the analysis focuses on the #5 group (Table III), again the 
positive indicates the international experience and global 
teamwork, and diversity of ideas; with negative responses 
related to language (not communication in general), and timing; 
and suggestions related to teamwork, language and timing.  

 
TABLE III 

TOPIC MODELING BASED ON ANSWERS IN THE SURVEY FOR 
 ETHNICITY (#5)  

E5 Topic1 Topic2 Topic3 

Q1 idea 
different 
country 

team 
working 
international 

different 
working 
project 

Q2 project 
working 
different 

team 
language 
time 

group 
time 
meeting 

Q3 team 
project 
group 

time 
meeting 
language 

time 
hard 
group 

 
For the other group, i.e., non-#5 group (Table IV), the positive 

responses related more to the international experience and 
people involved, with negative responses on specific 
communication and timing, and suggestions on collaboration, 
communication and timing.  

 
Table V shows the results of the Sentiment Analysis, 

whose value ranges from negative to positive, and zero being 
neutral. These results, overall and split groups, indicate a 
positive sentiment but with most values close to the neutral 
point (10 points scale). The only negative is in Q2 for the non-
#5 group, where communication (language) was previously 
identified.  
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TABLE IV 
TOPIC MODELING BASED ON ANSWERS IN THE SURVEY FOR 

 ETHNICITY DIFFERENT FROM  (#5)  

E/5 Topic1 Topic2 Topic3 

Q1 people 
sharing 
country 

liked 
student 
de 

meet 
like 
different 

Q2 contact 
voice 
call 

team 
work 
country 

team 
meet 
time 

Q3 project 
group 
voice 

team 
work 
country 

team 
meet 
every 

 

TABLE IV 
SENTIMENT ANALYSIS BASED ON ALL ANSWERS IN THE SURVEY 

 E/5 E5 All 

Q1 1.269230 0.75 0.932432 

Q2 -0.115384 0.1875 0.081081 

Q3 1.130434 1.111111 1.117647 

 
V. CONCLUSIONS 

In this work, analysis of end-of-participation feedback is 
analyzed. The feedback is provided by students participating in 
a multinational engineering design project, and it is in text 
format as answers to open-ended questions regarding basic like-
dislike-recommendation sequence. The use of a Topic 
Modeling algorithm results in the identification of themes 
(topics) that can be extracted from the text provided for each 
one of the three open-ended questions. The text answers were 
grouped based on ethnicity, which is highly correlated to 
location, due to the relative percentages represented in the 
collected responses. Topic Modeling with an LDA approach 
provides useful information, presenting that: 
 for positive aspects (i.e., international experience, global 

collaboration, and concept) the two groups have 
similarities, and are reflected in the overall topics extracted 

 for negative aspects, the communication and timing themes 
are common, with specific indication that language is an 
issue for non-US participants 

 for recommendations, there are similarities in both groups, 
and basically are directed at addressing the negative 
aspects (i.e., communication and timing). 

The Sentiment Analysis indicates an overall positive feeling, 
but with an index close to neutrality. 
 

  These results indicate that even when all students appreciate 
the international collaboration experience, there were some 
issues that need to be addressed. In terms of communication, 
which is an expected challenge, the intervention that is 
suggested is to make participants more aware of this (and other) 
issues when the project is introduced perhaps expecting 
additional understanding from the students. On the issue of 
timing, the intervention that is suggested is to have better 
logistics, offering more flexibility to the students to have less 
constrains in terms of meeting sessions. Future offerings of this 
experience will implement the interventions suggested here, 
with the goal of having a more positive global collaboration. 
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