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INTRODUCTION

Representing a critical transition between academic 
and industry environments, capstone design courses 
have gained immense attention across all engineer-

ing majors. The main goal of capstone design is to build 
a bridge between the (mainly) theoretical concepts that         
students learn in traditional classrooms and the practical 
knowledge required to perform efficiently in an industrial 
setting.[1-3] There are many elements to a successful capstone 
design project, including, but not limited to, the project and 
the source of data, instructor mentorship and guidance, tech-
nical and non-technical assessments, team building, and the 
problem statement. [4-8]

The capstone design course for the BS Petroleum Engi-
neering program at Mississippi State University (MSU) is a 
single semester (8th academic semester) course. We use the 
course to cover the ABET EAC Student Outcomes 1 - 7. [9] In 
this course students identify and solve complex engineering 
problems, practice producing solutions while considering 
the safety and health of people and the environment, work in 
teams and collaborate with people other than their school’s 
inner circles, efficiently communicate their findings with a 
range of audiences (other students, faculty members, and ad-
visory board members), and find missing data or obtain new 
knowledge, if necessary. In addition to an opportunity to 
learn new material, capstone design prepares undergraduate 
students to enter the industrial job market. Considering the 
possible disconnect between the theoretical concepts taught 
in undergraduate engineering classes and industrial projects 
and responsibilities, the capstone design course at MSU is 
designed to act as a connecting bridge between these two 
worlds.

In MSU’s Petroleum Engineering program, we utilize 
real-world data and projects to fulfill the mentioned mis-
sion. There are oil and gas companies that have released 
some of their fields’ data to academia and/or to the general 
public. In addition, the faculty, alumni, and advisory board             

members of the program have been actively searching for 
more sources of real data by contacting companies and sign-
ing non-disclosure agreements (NDAs). The goal is to have 
a new project each year, which can be challenging at times 
due to availability of new data. If this goal is not met, the 
data that were utilized a few years prior could be recycled 
and assigned to the new design teams. We focus on real-
world data since it provides challenges and complexities that 
might not be found in synthetic data sources, and it creates 
a sense of achievement and pride in students that a synthetic 
dataset might not grant. Our surveys show that the majority 
of students (given a choice) would choose a real dataset over 
different types of synthetic data for their capstone design 
projects. Alumni who had completed a capstone design proj-
ect using real-world data were surveyed as well. The results 
of that survey show that although, at first, they felt over-
whelmed by the “reality,” complexity, and extent of such 
design projects, they eventually had a sense of achievement 
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and were proud of their accomplishments over the short 
span of one academic semester. Results of these surveys are 
found in the following sections of this manuscript. 

The North American engineering capstone design sur-
veys published every ten years (decennial capstone design 
surveys) identify changes to the course logistics, faculty 
involvement, funding, and industry sponsorship.[3, 8, 10-11] In 
these surveys, given the small number of petroleum engi-
neering programs across the US, this program is included in 
the “Other Engineering” category. This makes the study of 
capstone design of petroleum engineering and its changes 
over time more challenging.

For sources of data, which is the main focus of this man-
uscript, the 1994 and 2005 survey results show that more 
than half of capstone projects use industrial sources across 
all engineering disciplines.[10-11] Unfortunately, the published 
survey results do not provide exclusive information for pe-
troleum engineering programs. Petroleum engineering pro-
grams at some universities (e.g. MSU, Texas A&M, Louisi-
ana State University, University of Louisiana at Lafayette, 
University of Wyoming, etc.) take advantage of real-world 
data in their capstone design projects; however, to the best 
of our knowledge, there is no peer-reviewed published work 
on the use of real-world data in capstone design and its ef-
fect on students’ learning in petroleum engineering across 
the US. Additionally, there are no published surveys on stu-
dents’ data source preferences, as well as their experience 
with working on real-world design projects.

In disciplines other than petroleum engineering, there are 
studies that have examined the effect of different types of 
capstone projects (real versus synthetic data, and industry-
sponsored versus humanitarian/competition projects) on 
the students’ learning outcomes and motivation, as well as 
on acquiring desirable soft skills for industry.[12-16] Badir et 
al.[16] studied civil and environmental engineering capstone 
design students at Florida Gulf Coast University and re-
port that real-life-based capstone projects provide benefits 
not only to students, but also to the course instructors and 
industry representatives (industry representatives acted as 
projects mentors and/or judges for students’ presentations). 
This study shows that by working on real-world problems, 
students are better prepared for a career in industry and have 
a better chance of being hired by their industry mentors.[16]

Some aspects of this study are supported by another study 
on software engineering students in Finland.[14] Khakurel 
and Porras [14] report that working on a real-world project 
with customers from Finnish public and private organiza-
tions helps students in acquiring soft skills that are desirable 
in the software industry, hence increasing their chance of 
being hired after graduation. Shah [15] used a modified ver-
sion of the Motivated Strategies for Learning Questionnaire 
(MSLQ) [17, 18] to perform a longitudinal study on mechani-
cal engineering capstone design courses, including students’ 

motivation and its relation to their project type. They did not 
compare projects based on data type, but rather based on 
industry-sponsored versus non-industry sponsored projects 
(although one could argue that an industry-sponsored proj-
ect uses real data, but this argument is not necessarily valid). 
Their results show that the level of motivation of students 
who selected an industry-sponsored project increased dur-
ing the course of the project, while it stayed the same for 
those who selected a non-industry sponsored project. They 
hypothesized that this increase in motivation could be a re-
sult of the project type, association with industry clients, and 
finding confidence in their abilities as engineers.[15] Another 
study on mechanical, chemical, and general engineering stu-
dents addressed the students’ perspective on several metrics, 
such as how much they believe they learned and are ready 
for the future, how was their experience with their mentors, 
and also the challenges they faced. The results showed that 
after completion of the projects, students acquired an engi-
neering mindset and a sense of belonging to the engineering 
community. Additionally, the authors provide practical ad-
vice and suggest that in order to support students to develop 
professional identities, the educators can consider (1) treat-
ing students as colleagues, (2) sharing their problem solving 
thought processes with students, and (3) enabling students 
to take the initiative in managing time, planning the proj-
ect, engaging with industry professionals, etc. Although the 
study refers to capstone projects as “realistic open-ended” 
projects, it does not explicitly mention the type of projects or 
the sources of data.[13]

The ability to understand, interpret, and communicate in-
formation presented in various forms is referred to as data 
literacy. In today’s data-driven world, data literacy is a 
crucial skill for almost everyone, especially students who 
graduate from college in hope of finding a job in industry 
or attending graduate school. There is a body of research on 
using project-based learning and real-world data to enhance 
data literacy of students from middle-high school to gradu-
ate level.[19-22] The findings of these studies show that prob-
lem solving with real-world datasets will enhance students’ 
literacy skills while they accomplish real intellectual work 
that can be useful to their communities.[20] It is suggested 
that the projects need to be defined in such a way that the 
results and solutions cannot be easily found on the internet 
or other readily available resources. This is more achievable 
if the project is based on real-world data, such as real indus-
try- or government-sourced data [20] and authentic data from 
scientific research,[22] etc., and not a book with a solution 
manual. Studying graduate students, Carlson and Bracke [21] 
found that in addition to learning the high-level concepts, 
students need to be exposed to practical applications to un-
derstand and appreciate the significance of the knowledge 
they acquire. This again points to the fact that real-world 
data and applications are a crucial component of a success-
ful education system. 
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This manuscript provides real-world data sources utilized 
during the past few years in MSU’s Petroleum Engineering 
program, a detailed problem statement that includes expec-
tations from student teams, detailed individual and team 
assessment criteria, and utilized software packages that are 
donated to MSU by oil and gas companies. It also provides 
the reader with students’ feedback on their most and least 
preferred data types, and on facing a comprehensive real-
world project at the beginning of the semester versus at the 
end, when they have finalized their findings.

Readers unfamiliar with technical petroleum engineering 
terms are encouraged to reference the SLB Energy Glossary 
found at https://glossary.slb.com/.[23] 

PROBLEM STATEMENT

The problem statement for this course includes learning 
outcomes, learning objectives, background on the specific 
field/project for each semester, information about the data-
set, and project deliverables. In each project detailed in this 
text, teams were tasked with analyzing various types of data 
such as well pressure, production flow rate, injection flow 
rate, fracturing parameters, and more. They then leveraged 
this data to formulate predictions for the field and recom-
mend potential development if deemed economically viable. 

Learning outcomes and objectives are presented here with 
slight modifications compared to what was delivered to our 
students for clarity.
Learning outcomes include:
•	 Utilizing several industry software packages (tank, 

static and dynamic models, well performance, fracture 
modeling (if applicable), history matching, forecasting)

•	 Estimation of ultimate recovery of producing wells by 
a variety of methods

•	 Building a simple economic model to analyze the         
financial viability of future development options

Learning objectives include:
•	 Engineering/Technical Objectives:

o	Explore published literature for supporting technical 
material

o	Develop awareness of data needs and limitations for:
	Field performance analysis
	Estimated Ultimate Recovery (EUR) forecast-

ing (multiple methods)
	Future development planning

o	Classifying and comparing black oil pressure-    
volume-temperature (PVT) correlations

o	Analyzing the relationships between well log inter-
pretation results and static model properties

o	 Identifying simulation capabilities and limitations 
of various simulation models (Petrel® Black Oil 
and MBAL® tank model)

o	Computing Net Present Value (NPV) and Internal 
Rate of Return (IRR)

o	 Identifying ethical and professional responsibilities 
in analysis, design, and development of the field

o	Making informed judgments that consider the    
impact of engineering solutions in the global,            
economic, environmental, and societal contexts

•	 Software Dexterity Objectives:
o	Digitizing well logs using Neuralog® software
o	Building the static model of the reservoir using     

Petrel software
o	Utilizing Petrel to perform dynamic black oil      

simulation
o	Utilizing MBAL model as an alternative prediction 

tool
	Match historical well and field performance
	Control and constraint prediction runs

o	Developing oil producer’s lift curves with ProsperTM 
software

o	Modeling hydraulic fractures using StimplanTM

o	Describing a production well model (IPR and VLP) 
in MBAL

o	Running, saving, and exporting Petrel and MBAL 
prediction runs to Microsoft Excel®

o	Utilizing Harmony EnterpriseTM software for:
	Type curve analysis
	EUR calculation

o	Utilizing Microsoft Excel and/or Harmony Enter-
prise package to develop a simple economics mod-
el for the field development and test sensitivities to 
project economics

The same project is assigned to all the teams during each 
semester. Given the extent and difficulty of these projects, 
student teams are encouraged to consult with other teams, 
their instructors, and also industry experts. For the tim-
ing of the projects, students are in charge of the details but 
are expected to include some milestones in their schedule. 
Milestones include three reports, three oral presentations, 
and some specific project milestones. Project milestones 
are defined so that students have a general understanding of 
the timing that a fairly extensive project entails. Examples 
of project milestones are: completion of a manual analysis 
(using Microsoft Excel), completion of a tank model and a 
static model, completion of a dynamic model, etc.
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In addition to class dis-
cussions, information about 
the project, and some back-
ground information on the 
specific field/project for the 
semester is provided in the 
problem statement.

Towards the end of the 
problem statement, all the 
items mentioned above are 
discussed in more detail and 
required prices and param-
eters values for economic 
analysis are provided to the 
teams (Table 1). Table 1 is 
utilized by the teams to as-
sess of viability of further 
development of a field.

Data Sources and Software Packages
Data Sources. There are three comprehensive pub-

licly available data resources in the oil and gas indus-
try, worldwide. One is the production, pressure, well, 
and reservoir data of the Volve field (Figure 1) [24] in the 
Norwegian North Sea that is released by Equinor ASA®. 
The other two are pressure, production, well, and res-
ervoir data of two gas producing pads in the Marcellus 
shale of West Virginia (Figure 2). These pads are called 
Moundsville Industrial Park (MIP)[25] and Boggess.[26] 
The last two datasets are made available by Marcellus 
Shale Energy and Environment Laboratory (MSEEL) at 
West Virginia University in collaboration with the US 
Department of Energy, Northeast Natural Energy LLC., 
and The Ohio State University. 

Volve Field. The problem statement for the Volve field 
capstone project starts with learning outcomes, followed 
by the learning objectives. The statement also contains 
a brief introduction to the Volve field including its loca-
tion, history, and current status. The type of available 
data that should be used by student teams (reports, well 
logs, completion reports, PVT, production and injection 
data, seismic data, and economic inputs) is discussed in 
detail.

This dataset is divided into two parts. Part 1 includes 
all the reservoir data and pressure, production, and injec-
tion data of two producers and two injectors, from the 
beginning of the production life of the field (February 
2008) to December 2011. Part 2 includes the rest of the 
data from January 2012 to September 2016. The teams 
are tasked with analyzing part 1 of the data and making 
recommendations on the possibility of further develop-
ment of the field and production of more hydrocarbons. 

Figure 1. Volve field in the North Sea.

Figure 2. MSEEL’s MIP and Boggess pads in 
West Virginia, USA.

TABLE 1
Sample of Prices/Specific Values for Economic Analysis

Item Sample Value/Price (US Dollars)
Drilling and completion of a new well $25 million
Drilling and completion of a new sidetrack $20 million
Workover of an existing well $7 million
Share of field operating cost $1.4 million per month of operation
Abandonment cost for each additional well $3 million
Oil price assumption at time of investment decision $100/bbl (barrel) flat
Gas price assumption at time of investment decision $6/MCF (1000 cubic feet) flat
Discount Rate 10%
Tax Rate 78%

Maps Data: Google, © 2024 GeoBasis-DE/BKG (© 2009)

Maps Data: Google, © 2024
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After recommendations are provided by student teams, the 
second part of the data is released. The teams are tasked 
with comparing their findings and recommendations with 
the actual field redevelopment plan proposed by Equinor 
engineers and making necessary adjustments to their recom-
mended plan of redevelopment. We make sure to commu-
nicate to the teams that even if their proposed development 
plan is different from the one proposed by Equinor engi-
neers, it does not necessarily mean their plan is not suitable. 
We give them the chance to technically and logically defend 
their plans and own their work.

MSEEL - MIP pad. The problem statement for the MIP 
pad of the MSEEL capstone project follows the same steps 
as that of the Volve field. However, MIP’s statement is dif-
ferent from the Volve problem statement because the MIP 
wells are drilled into the Marcellus shale, which is an on-
shore unconventional gas reservoir, whereas the Volve field 
is an offshore conventional oil reservoir. The problems state-
ment for the MIP pad wells starts with the learning outcomes 
that include the use of industry software packages for build-
ing the static model of the region of interest, study of well 
performance, and fracture design. Estimation of ultimate re-
covery and building economic models for well performance 
analysis are included in the learning outcomes. Learning ob-
jectives are similar to that of the Volve field project.

An introduction to the MIP pad, all the wells drilled from 
that pad, and available datasets (well logs, completion/frac-
turing data, production data, MSEEL quarterly reports, and 
economic input) are the next items presented in the prob-
lem statement. Since unconventional gas was a new subject 
that had not been covered in our petroleum engineering cur-
riculum in detail, student teams were tasked with finding 
common rate transient analysis (RTA) methods and sharing 
those with other teams and the course instructors. In-class 
RTA lectures were then delivered to the teams as a guide 
for manual analysis of pressure/flow rate/hydraulic fractur-
ing data. After manual analysis of the data using Microsoft 
Excel, the teams utilized the software package Harmony En-
terprise to compare their manual analyses with that of the 
software package. 

Finally, the teams were tasked with proposing a potential 
development plan (drilling one or more infill wells) from the 
MIP pad. The input economic parameters were provided to 
them based on real-time industry prices. Technical results of 
this project are published in the International Journal of Oil, 
Gas and Coal Technology, and the best performing students 
are added as co-authors.[27] 

MSEEL - Boggess pad. Since the MIP and the Boggess 
pads are located in close proximity and their production and 
appraisal wells are drilled into the same formation, the prob-
lem statement for the capstone project based on the Boggess 
pad of MSEEL is very similar to the problem statement of 
MSEEL’s MIP pad.

Software Packages
Student teams are initially tasked with performing all 

well performance calculations and analyses (except fracture 
modeling for the MIP and Boggess projects) manually in 
Microsoft Excel. In addition to utilizing Excel for manual 
calculations, use of industry software packages was a key 
part of these projects. This not only provides a tool to evalu-
ate their manual calculations and analyses but also strength-
ens their resumes. Software packages used for these projects 
include Neuralog by Neuralog Inc., Petrel by SLB Oilfield 
Services, MBAL and Prosper by Petroleum Experts LTD, 
Stimplan by NSI Technologies LLC., and Harmony Enter-
prise by S&P Global Inc.

Students have received training on some of these software 
packages (Neuralog, Petrel, MBAL, Prosper, and Stimplan) 
during their studies prior to the last semester; however, they 
learned Harmony Enterprise at the beginning of their last 
semester while executing their capstone design project.

COURSE ASSESSMENT

Teams
During the past four years, we have tested two team se-

lection methods: (1) students pick their teammates, and (2) 
the instructor picks the teammates based on students’ cur-
rent GPA at MSU. The first method was not effective since 
students selected their close friends as their teammates, and 
some students with underdeveloped social skills and lower 
grades were left alone and had to negotiate to get into one 
of the teams. The second method, however, has proven to 
be successful and efficient and resulted in a more reason-
able distribution of talent. Given the extent of the project, 
each team has had four or five members. It is communicated 
with the students at the beginning of the semester that team 
member change is not allowed. We ask them to approach 
their team members as their industry colleagues. They can-
not change their industry colleagues; therefore, they can-
not change their teammates. Based on our observations, 
this limitation resulted in more tolerance and more effec-
tive communication between the team members. As will be 
discussed later in this manuscript, a portion of the students’ 
final grade is based on two peer evaluations, which resulted 
in more collaboration among team members and more indi-
vidual involvement and accountability towards the goals of 
the project.

Assessment Criteria
The overall course grade breakdown is presented in         

Table 2. Some activities, such as class participation, weekly 
check-in sessions, self and peer evaluation, and evaluation 
by the instructors, have individual student grades, while 
written reports have team grades. Oral presentations are 
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graded based on the overall performance of a team as well 
as performance of individuals in each team.

Written report assessment criteria and oral presentation 
assessment criteria for teams/individuals are available by 
contacting Dr. Mohammad Heshmati at mohammad@che.
msstate.edu. These rubrics are shared with students at the 
beginning of the semester.

In addition to providing rubrics, report writing and pre-
sentation preparation are covered in a lecture session, and 
samples of “good” and “bad” reports and presentation slides 
are shared with students. Teams are expected to deliver three 
written reports and three oral presentations. Each written 
report is followed by one oral presentation that is planned 
for the week after the report is due. Instructors evaluate the 
reports thoroughly in a few days and present their feedback 
to students before each oral presentation. Students have a 
few days to consider instructors’ comments and imple-
ment the required corrections. Afterwards, teams present 
their findings to all attending faculty members. Petroleum 
engineering faculty members, including the design course 
instructors, use the rubric to evaluate teams and individual 
students. Grades are then averaged for each student.

Self, Peer, and Instructor Evaluations
Self and peer evaluation forms are distributed among 

students as assignments on Instructure’s Canvas®. Students 
evaluate their own performance against other students in 
their team based on a zero to ten scale (0: Not Satisfied. 10: 
Extremely Satisfied). Each student’s self-evaluation grade 
and their teammates’ grades for that student are averaged to 
produce the final grade. A sample evaluation rubric is pre-
sented in Table 3.

TABLE 2
Breakdown of Percent of Total Grade for Evaluation of 

Teams and Individuals in Each Team

Item Grade (%) Grade Type

Class Participation 5 Individual
Written Report 1 10 Team
Oral Presentation 1 10 Team/Individual
Written Report 2 10 Team
Oral Presentation 2 10 Team/Individual
Written Report 3 15 Team
Oral Presentation 3 15 Team/Individual
Weekly Oral Progress Report 5 Individual
Self and Peer Evaluation 10 Individual
Evaluation by the Instructor 10 Individual
Total 100 Individual

TABLE 3
Self and Peer Evaluation Criteria

Assessment Criteria Grade
Participation in developing ideas and planning the project 0 – 10
Willingness to discuss the ideas of others 0 – 10
Team-playing and cooperation with other group         
members

0 – 10

Interest and enthusiasm in project 0 – 10

Participation in leading/facilitating discussions 0 – 10

Ease and familiarity with discussion material 0 – 10

Course instructors observed the performance of individual 
students with regard to their involvement in the project, in-
terpersonal skills, and problem-solving skills, etc., during 
the entire semester. Instructors expected each team member 
to have a general knowledge of other team members’ re-
sponsibilities while being focused on their own responsibili-
ties. Instructor evaluation was based on these observations 
and expectations.

REAL VS SYNTHETIC DATA SURVEYS

As mentioned in the Introduction section, the raw data for 
capstone projects could have two main sources: data from 
real-world projects or synthetically generated data. There 
are benefits and drawbacks to utilizing each of these data 
sources. For example, synthetic data does not necessarily 
have noise, although systematic or random noises could 
be added to it, while noise is inherent to real-world data. 
There are no missing data points in synthetic data, although 
it could be added as a feature, while it is possible that real-
world data (especially oil and gas production and pressure 
data) miss some data points or chunks of data because of 
operation requirements or equipment/gauge failures. Apart 
from technical differences between synthetic and real data, 
there is what we would like to call the differences based 
on how one “feels” about the data. Working with real data 
provides a sense of authenticity that cannot be found in a 
synthetic dataset. Students can visualize themselves as en-
gineers who are analyzing data and offering perspective and 
suggestions to the upper administration of a multi-million 
dollar company, of course without consequences and prob-
able high expectations that are inherent to working at a 
company. Additionally, analysis of the placement records of 
MSU BS Petroleum Engineering graduates during the past 
few years shows that more than 84% of them enter industry 
right after graduation. This indicates a great interest among 
our students to join industry versus choosing academia for 
higher education. Therefore, working on a real-world data-
set provides students with an opportunity to experience what 
they will encounter in their workplace and the challenges 
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that they will face when working with real data.
To gauge our students’ preference on which type of data 

they would prefer (if they had a choice), Survey 1 was de-
signed and distributed among petroleum and chemical engi-
neering seniors (Figure 3). Students were asked to determine 
their most and least favorite data types among real-world 
and three versions of simulated data. Students who had in-
ternships during their studies or had prior work experience 
in industry were able to use their actual experiences with 
real data versus with synthetic data (class projects based 
on synthetic data) to respond to the survey questions. On 
the other hand, some students did not have an internship or 
industry background and might not have had a prior mean-
ingful experience with real data. In these cases, this survey 
mostly gauged their perception of the data type. 

Results of Survey 1 are shown in Figures 4 and 5. The 
results (Figure 4) show that from 37 students’ responses, 
more than 75% prefer a real dataset for their senior design 
project, and less than 25% prefer simulated datasets of vary-
ing noise. On the other hand, Figure 5 shows that students’ 
least-preferred dataset is simulated data without noise.

The faculty discerned common themes within students’ 
responses that suggest possible reasons for students prefer-
ring a real dataset:

•	 Students are graduating soon and entering the job mar-
ket; therefore, it is useful to analyze a real-world data-
set and become familiar with what they will encounter 
in near future.

•	 It is more challenging; therefore, it is more interesting.
•	 It might involve contacting industry representatives 

for feedback and information on missing data, which 
improves their interpersonal skills and will create use-
ful connections.

•	 Working with real data is less of a waste of time.
•	 It is easier to understand because it is real.
•	 In real life situations, it is very rare to work with perfect 

data; therefore, analyzing real data makes more sense.

The faculty also believe that, from the students’ point of 
view, the reasons for simulated data without noise being the 
least preferred are:

Figure 4. Petroleum and Chemical Engineering Senior Sur-
vey Results: Most-preferred Data Source (37 responses).

Figure 5. Petroleum and Chemical Engineering Senior Survey 
Results: Least-preferred Data Source (37 responses).

Survey 1 

Different sources of data are used for different capstone design projects based on the instructor’s preference, availability 
of data, and availability of other resources, such as industrial software packages. Main data types could be categorized into:  
(1) Simulated (aka synthetic) data without any noise, (2) Simulated data with added non-random noise, (3) Simulated data 
with added random noise, and (4) Real-world data.

Assume there are four capstone projects, each has one of the data types mentioned above, and suppose these projects 
have the same level of difficulty and involvement, and they need the same amount of time and effort to conclude, please 
answer the following questions:

•	 Which project do you prefer the most and why?
•	 Which project do you prefer the least and why?
Attention: There are no right or wrong answers.

Figure 3. Survey 1 Questions.
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•	 Given that most of students are about to work in an 
industrial setting, it is highly unrealistic and it is very 
rare to find data without noise.

•	 It involves the least learning opportunities.
•	 In comparison to other data types, it is not challenging.

Finally, the faculty theorize that, from the students’ point 
of view, the reasons for simulated data without noise being 
the most preferred among simulated data types are:

•	 Students will be more focused on the project.
•	 Results from simulated projects can be adapted to real-

world problems.
•	 When there is no noise, it is easier to draw conclusions 

and students feel more confident in their calculations.
•	 It is more straightforward.

Students’ responses in these three categories suggest that 
most students were eager to work on real datasets because of 
the unique experience gained while working on a real proj-
ect, and the possibility of connecting with industry repre-
sentatives that will possibly help them in placement of a job. 
They also felt that they were doing something meaningful 
that was not a “waste of time.” And eventually, most stu-
dents liked the challenge that is associated with a real data-
set. On the other hand, we believe the group that preferred 
simulated data without noise had a more negative view on 
the “challenge” that is associated with real data. They pre-
ferred a more straightforward project, so that they would 
only focus on the engineering side of the project, not clean-
ing or sifting through piles of data to find patterns and the 
required information. 

Survey 2 (Figure 6) was prepared and distributed to gauge 
the opinions of our program’s alumni from the past few years 
who had already concluded a senior design project with real 
data. The purpose of this survey was to evaluate students’ 
mindset when a comprehensive, fairly complicated, real-
world project was introduced to them at the beginning of 
the semester versus at the end when they concluded their 
projects. Samples of the survey responses include:

“I was glad to work on real wells in real time. At the 
end I felt like I learned more than a traditional class 
would have taught me. It was alot of work and trying 
to struggle through to figure out how all the softwares 
went together to match what the final result would be, 
but I enjoyed that. I also liked the financial aspect of 
looking at the wells and how their production was. I 
think we were all pretty nervous at the beginning es-
pecially those first few weeks when we started working 
on it and realized the amount of work that we would 
have to do, but at the end I enjoyed it. I would rather 
that than a tradition classroom setting.”

“When we first got the project it seemed overwhelming 
and I wasn’t sure where to even start with all of the 
information given. I think it is a good thing that the 
project is structured that way because it forced us to 
identify the problem scope completely before trying to 
solve it. By the time we were giving our final presenta-
tions I felt very confident in the material and answer-
ing any questions about the project. I also think the 
competition aspect of the project is a good thing as it 
provides extra motivation and incentive for everyone 
to put their best work forward.”

“When you guys first assigned the project I definitely 
felt overwhelmed but as time went by and I spent hours 
in the computer lab I started to feel better about it. It 
was nice having you [...] to talk to so I could show you 
my work to let you guys know whether or not I was on 
the right track. All in all I ended up enjoying the proj-
ect and learned a ton from it.”

“At first the project seemed very overwhelming. The 
amount of information given to us that we needed to 
look over and study seemed nearly impossible at first. 
The first week was definitely a struggle. As the first and 
second week went by and our team began to meet of-
ten, things settled down a little. I realized that the task 
given to us was not impossible it was just going to take 
some time and our group needed to tackle it step by 
step. The farther we got into the project the more con-
fident me (as well as my group) became about doing 
the project.”

The general theme of feedback from a total of 17 respons-
es was that initially students felt stressed and overwhelmed 
by the data, project scope, and expectations. However, as 
they started working on the project, analyzing data, and uti-
lizing different software packages, they felt more confident, 
and at the end, they all felt proud of what they could accom-
plish in one semester. Another common point in students’ 
responses was the value of the feedback they received from 
the instructors. Feeling overwhelmed at the beginning of the 
semester or when they were confused/stuck was eased by 
constant communication between the students and the in-
structors. Instructors tried their best to be available to stu-
dents in person, by phone, text, and email. Of course, this 
required more involvement and time on the instructors’ side, 

Survey 2 

How did you feel when we introduced the project to 
you at the beginning of semester versus at the end when 
you finalized the project? At ease, stressed, confident, 
overwhelmed, etc.? Please elaborate.

Figure 6. Survey 2 Question.
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but added much value to the students’ experiences and their 
successful conclusion of the project. Students also expressed 
that they learned more in this course than in their traditional 
classes, which was expected given the nature of this course 
and the use of real world datasets. Teamwork was another 
subject that was mentioned in this survey’s responses. This 
was mostly the concern of the team leaders that happened to 
be the top GPA students (the team leader was elected by each 
team’s members). Some leaders felt supported and aligned 
with their teammates, and others did not. This, in our expe-
rience, points at the fact that some leaders were skilled at 
managing a team, and others were not. Those who were not 
skilled reported being under immense pressure and felt that 
they needed to eventually finish the project by themselves 
and had occasional arguments with their team members. In 
these instances, the instructors provided feedback and guid-
ance on how to manage a team, assign tasks more efficiently, 
and resolve conflict.

DISCUSSION

Outcomes of some published literature on use of real-
world problems in capstone design courses and data literacy 
of students are presented earlier in this manuscript. Results 
of these studies suggest that project-based learning that is 
based on real-world data has great potential in teaching liter-
acy skills to students along with a sense of achievement and 
fulfillment. Observing that their projects outcomes can have 
applications in their communities, students gain a sense of 
accomplishment and usefulness. There are also studies that 
have measured the level of motivation of students and its 
relation to the project’s data type. These studies show that 
students who are working on real-world projects report to be 
more motivated. The mentioned outcomes are in line with 
the results of the surveys performed in this study involving 
senior undergraduate students of petroleum engineering and 
their experience with and perception of real datasets. The 
results of Surveys 1 and 2 show that the majority of students 
preferred real-world data over different types of synthetic 
data for different reasons including: they felt more prepared 
to join the industry, they found real data more interesting, 
they felt that working on a real project will not be a waste 
of time and will add to their resume, etc. They also had a 
feeling of accomplishment and pride after concluding their 
real-world capstone projects.

Alumni responses to Survey 2 show the importance of the 
role of instructors in the success of students in concluding 
the projects and possibly in the future when they join the 
work force. We introduced the project and provided nec-
essary data and a problem statement to our students at the 
beginning of the semester. We then announced that the cap-
stone class is different from traditional classes, and students 
should try to see us (the instructors) as their customers or 

colleagues. This was done with the hope that they will try 
to rely on themselves and team members before looking for 
help from us. We then let them work on the project and gath-
er missing data for a period of two weeks while staying in 
contact for possible concerns. When necessary, we tried our 
best to guide our students toward the solution of a problem 
instead of providing the solution. We held weekly check-in 
sessions in which all students had to present their findings 
and report their progress during the past week. This allowed 
us to monitor the progress of teams while understanding the 
dynamics of each team and possible interpersonal problems. 
We were available to answer students’ questions and con-
cerns, not only during office and class hours, but also every 
day in person or by email, phone, and text. Based on our 
students’ feedback, this helped ease their minds. They knew 
that if they are stuck, they do not have to wait for days to ask 
questions, and their project’s progress will not be impacted 
because of instructor’s absences.

It is worth noting that the Petroleum Engineering program 
at MSU has been fortunate to have a supportive administra-
tion and advisory board. With their support, each year we 
have been able to offer prizes to the first, second, and third 
place capstone student teams. The rankings are not deter-
mined by the instructors, but by the industry representatives 
and members of the advisory board. This has proved to be a 
great incentive, resulting in flourishing competition among 
the student teams. In addition to these prizes, at the begin-
ning of each semester, we communicate the possibility of 
publication of a journal article. It is conveyed to the teams 
that a publication is only possible if they can think beyond 
the project deliverables. During the past four years, we have 
published one journal article [27] with some of our capstone 
students as co-authors. This was a major achievement from 
both our and the students’ point of view.

CONCLUSIONS AND FUTURE WORK

Three publicly available real datasets are introduced for 
petroleum engineering capstone design projects, with poten-
tial extension as chemical engineering design projects. De-
tailed problem statements, assessment criteria, team building 
practices, and necessary software packages are introduced 
as well. Our experience shows that if team members are se-
lected based on students’ overall GPA up to the eighth se-
mester, the teams’ strength and talents are more comparable. 
To create a realistic working environment, teams were not 
allowed to modify their members, which is similar to an in-
dustrial setting in which one does not select their colleagues.

Results of two student surveys are presented. One sur-
vey indicates that students often prefer working with a real 
dataset over synthetic datasets. The second survey targeted 
students who worked on a real-world dataset and graduated 
at least one year prior to the survey. These students reported 
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that they were overwhelmed at the beginning of the semester 
when faced with the extent and “reality” of the project, but 
once they started analyzing the data, with guidance of in-
structors of the course, they started to take control and even-
tually felt proud of their achievements in only one semester.

We are constantly in search of new real datasets for the 
petroleum engineering capstone design course at MSU, and 
our goal is to have the opportunity of utilizing a new dataset 
each year. A chemical engineering capstone class can po-
tentially design the surface processing facilities and piping 
systems in support of the petroleum engineering field analy-
ses and redevelopment recommendations. The Volve field 
requires surface facilities such as separators and a piping 
system to transport the produced gas to the Sleipner A plat-
form for final processing and export. MSEEL pads require 
transport piping and surface separators.
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