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Abstract  
When faced with a homework assignment or an examination, most undergraduate students in 
engineering begin the solution to a problem by thinking of or attempting to find a “formula” to solve the 
problem. Since most do not have the practical experience to determine the reasonableness of the 
resulting answer, they assume that the answer is correct so long as the “formula” worked for them in 
getting a number out of the exercise. It is not uncommon to receive from students solutions to 
problems in heat transfer in which a temperature in a real system is determined to be more than that 
of the sun or the thermal efficiency of a real thermodynamic cycle is negative or exceeding the Carnot 
heat engine limit without the student taking the time to determine whether a solution makes sense or 
not. 

A preliminary approach to enhance teaching and learning in undergraduate thermal science classes, 
specifically Thermodynamics, Applied Thermodynamics and Heat Transfer, is proposed and 
presented in this paper. The approach, a new paradigm, is introduced to change the way students 
learn thermal science subjects in a mechanical engineering curriculum. The approach is enforced in 
the course of working on homework assignments and employed in the design of examination 
problems. In the paradigm, homework and examinations are presented to students in a “task 
breakdown” format in which students are carefully guided to solve a problem from basic principles 
rather than the traditional approach that they are used to since their days of high school and well into a 
few semesters of college education. To enhance learning in which students are able to retain course 
materials from one course to the next, a homework assignment problem or one on an examination is 
framed with numerous parts in which the student is required to think critically about each aspect of the 
problem; this approach teaches the student to understand that the “real world” is not made up of the 
back-of-the-book textbook problems that are over-simplified to be solved by the traditional approach in 
which they take a ‘formula (or traditional) approach’ attitude in solving technical problems. 

In the paradigm proposed in this paper, homework assignments are executed by students in the 
traditional approach as well as in the proposed task allocation method. To test the hypothesis that 
students perform better and retain course materials in the task allocation method, assignments are 
alternated between the two approaches among all students on a weekly basis during the semester. 
Based on the performance on the assignments, preliminary data obtained shows that students 
perform better when the homework assignments are presented in a task breakdown format. Details 
provided in the paper include example problems in the traditional format and the new paradigm format 
with a documentation of students’ performance to show the effectiveness of the new paradigm of task 
breakdown in enhancing the teaching and learning of thermal science subjects. An extension to other 
subjects in a typical mechanical engineering curriculum is proposed in concluding the paper. 

Keywords: Engineering education, problem-based learning, task breakdown. 

1 INTRODUCTION   
A review of the US national data [1] on enrollment and graduation rates from the nation’s colleges 
suggests strongly that more needs to be done to increase the number of students who receive 
degrees in the STEM fields at the bachelor’s, master’s and doctoral levels. The data also suggest the 
need to develop strategies to attract more women and underrepresented minorities to pursue degrees 
in the STEM fields. Although the data on national graduation rates at the first-degree level appear to 
be favorable, the data on graduate degrees at the master’s and doctoral levels do not look promising.  
Various studies [2] on the future technical manpower requirements of the United States support the 
need for increasing the pool of students who pursue academic preparation in, and graduate from 
disciplines in STEM.  

In 2011, there were 78099 bachelor’s degrees conferred in engineering in the United States, of which 
72848 were awarded to U.S. citizens (nearly 93%).  However, only 9736 of these degrees were 
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awarded to underrepresented minority students (13%) and only 3097 were African Americans (4%).  
Relative to its population size, African Americans are heavily underrepresented within engineering 
education, even at the bachelor’s level, and this under representation increases greatly at higher 
degree levels. The historical data, Fig. 1, also show that Historically Black Colleges and Universities 
(HBCUs) continue to award a large share of bachelor’s engineering degrees to African American 
students. This is also the case for all disciplines in STEM and not just in engineering.  

Nationally, of the 41282 total master’s degrees in engineering conferred in 2011, only 23895 were 
awarded to U.S. citizens (about 58%).  Already it is clear that most U.S. citizens who receive 
bachelor’s degrees in engineering do not pursue higher degrees.  Of these U.S. citizen master’s 
degree recipients, only 2967 were underrepresented minority students (7%), and only 1180 were 
African Americans (2%).  

 
Figure 1. [3] Bachelor's degrees awarded by HBCUs to black U.S. citizens and permanent residents,  

by field: 2002–12 

At the doctoral level, 8478 degrees in engineering were conferred in 2011.  Of these, only 3713 were 
given to U.S. citizens (44%), a further decrease in the proportion of U.S. citizen engineering degree 
recipients who go on to pursue the doctorate degree.  Of these U.S. citizen doctorates, only 338 were 
students from underrepresented minority backgrounds (4%).  A mere 144 graduates were African 
Americans (1.7%). 

 
Figure 2. [3] Bachelor's degrees awarded in engineering, by sex, race, ethnicity, and citizenship: 1990–2012 

In comparison with the Hispanic population, African American enrollment in and graduation from 
engineering schools have essentially been on the decline or remained flat. Relative to the baseline 
data of 2002, the graduation rates, Fig.2, of Hispanics have than quadrupled, compared with less than 
a double increase for African Americans over the 20-year period of data. The enrollment data, Fig. 3, 
reveals a drop of almost three percent among African Americans as compared with an increase of a 
little over 2 % among the Hispanic population.  
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Figure 3. [3] Undergraduate enrollment in engineering programs, by sex, race or ethnicity, citizenship, and 

enrollment status: 2001–11 

In addressing the pipeline issue, this paper presents a teaching and learning approach, The Task 
Breakdown Paradigm, for enhancing the teaching and learning environment in the Mechanical 
Engineering curriculum at Howard University. The paradigm is introduced to enhance the learning and 
teaching environment to achieve three main objectives: (1) to retain currently enrolled students in 
Mechanical Engineering; (2) to increase the number of students who enroll in mechanical engineering 
at Howard; and (3) to enhance the teaching and learning of the so-called “bottle-neck” courses in 
engineering. By establishing a conducive teaching and learning environment, students will be engaged 
in active learning to improve retention of information and critical thinking skills.  

Government, industry, and academic leaders across the globe increasingly stress the need for 
graduates in science, technology, engineering and mathematics (STEM) fields. The former president 
of the US, President Obama, stressed the importance of STEM education in each of his last three 
State of the Union addresses and had spoken on the issue many times during visits to manufacturing 
and other industrial sites around the country. Numerous studies have shown that the use of 
technology effectively in teaching can enhance the learning skills of students enrolled in engineering 
programs and improve the retention rates. A recent report [4] from a joint project between the ASEE 
and NSF also stressed the importance of STEM. The report proposed a new strategy of 
undergraduate education that meets the needs in the 21st century. The proposed strategy, if 
implemented effectively, should bridge the gap between industry and education by addressing several 
Knowledge, Skills, and Abilities traits (KSAs) that were identified in the ASEE/NSF joint project report. 
The report further proposed that the KSAs be acquired through collaborative projects, global 
competitions, interactions with industry mentors, and curriculum integration of industry tools and 
techniques. 

In proposing specific solutions to address strategies for improving engineering education in the 21st 
century, the ASEE/NSF initiative report identified many KSAs that must be acquired and/or developed 
for the most part by students during their matriculation in college. Below are just a few of the KSAs [4] 
that are very relevant and form the foundation for the development of this proposal. 

- Knowledge in the physical sciences and engineering science fundamentals 
- Ability to identify, formulate and solve engineering problems 
- Teamwork skills and ability to function on multidisciplinary teams 
- Ability to use new technology and modern engineering tools for engineering practice 
- Data interpretation and visualization 
- Application-based research and evaluation skills 
- Ability to deal with ambiguity and complexity 
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Different institutions apply various approaches to educate students so that they may acquire the 
knowledge and the skills that have been listed. In spite of the fact that engineering departments 
(including those at Howard University) are able to satisfy requirements to be accredited by ABET, the 
national accreditation body, much more must be done to improve the quality of engineering education 
and thus enhance enrollment and reduce the attrition rates that have been cited to be very high [5] 
particularly in the fields of STEM. The paradigm proposed herein is like the recommendation of the 
joint ASEE/NSF [4] report to use technology and other new approaches to enhance the teaching of 
engineering “bottleneck” courses such as Solid Mechanics, Thermodynamics, Mechanics of Fluids, 
and Mechanical Design. The intellectual merit of such an approach in a problem-based learning 
(PBL) environment [6] leads students to explore on their own and/or in teams to obtain a better 
understanding of the theory presented by an instructor and thereby able to retain the material without 
resorting to memorization just to pass examinations.  

2 THE MECHANICAL ENGINEERING CURRICULUM  
In the engineering program at Howard University, students are required to complete a minimum of 120 
credit hours and obtain a minimum grade point average (GPA) of 2.0 in order to receive the degree, 
Bachelor of Science (BSc) in Mechanical Engineering. Prior to the year 2002, the requirement ranged 
from 143-145 credit hours depending on the selected technical elective. The curriculum is structured 
into four main core threads: a social science/humanities thread; a thread involving mathematics and 
engineering science; a thread with a focus on laboratory experimentation, and a thread that involves 
the integration of design in the curriculum. 

Table 1 shows the curriculum scheme by semester based on a four-year completion period that is 
used by the department to guide students through matriculation in the program. The scheme requires 
students to take a minimum of 19 credits in social sciences/humanities, 69 credits in mathematics and 
engineering science, 7 credits in laboratory experimentation; and 16 credits in courses that focus on 
engineering design. To give students room to pursue interests in preparation for graduate schools, 
professional schools or to enhance their entrepreneurial skills, students are given the chance to obtain 
9 credit hours in a combination of technical electives (selected from the mechanical engineering 
curriculum) and a “free elective” for which departmental guidelines exist for the selection of such 
courses.  

Table 1.  Curriculum of the Mechanical Engineering Science Program at HU 

Freshman – Semester 1  Freshman – Semester 2 
Course Course Title Lec Lab Total  Course Course Title Lec Lab Total 

ENGW-
101/102/104 

English I Writing 
& Literacy 3 0 3  *ENGW-

103/105 

English II 
Writing & 
Research 

3 0 3 

MATH-156 Calculus 1 4 0 4  MATH-
157 Calculus 11 4 0 4 

CHEM-003 Chemistry 1 4 0 4  PHYS-013 Physics 1 3 0 3 

EGPP-101 Introduction to 
Engineering 1 2 0 2  PHYS-023 Physics 1 Lab 0 1 1 

MEEG-103 Intro to Computer 
Aided Design 2 0 2  MEEG-

102 

Intro to 
Mechanical 

Engr 
2 0 2 

HHPL-xxx Physical 
Education 0 1 1  ECON-

001 Economics 1 3 0 3 

TOTAL  15 1 16  TOTAL  15 1 16 
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Sophomore – Semester 1 

 

Sophomore – Semester 2 
Course Course Title Lec Lab Total  Course Course Title Lec Lab Total 

XXXX-xxx Social Science/ 
Humanities Elect. 3 0 3 

 
MATH-159 Differential 

Equations 4 0 4 

MATH-158 Calculus 111 4 0 4  CIEG-302 Dynamics 3 0 3 

PHYS-014 Physics II 3 0 3 
 

MEEG-204 Solid 
Mechanics 3 0 3 

PHYS-024 Physics II Lab 0 1 1 
 

EECE-310 Principles of 
Electronics 2 0 2 

MEEG-207 Intro to Engr 
Computations 2 0 2 

 
MEEG-206 Solid 

Mechanics Lab 0 1 1 

CIEG-202 Statics 3 0 3 
 

MEEG-209 Materials 
Science 3 0 3 

TOTAL  15 1 16  TOTAL  15 1 16 
 

Junior – Semester 1  Junior – Semester 2 
Course Course Title Lec Lab Total  Course Course Title Lec Lab Total 

MEEG-305 Thermodynamics 3 0 3  MEEG-301 System Dynamics 3 0 3 

MEEG-307 Fluid Mechanics 3 0 3  MEEG-326 Manufacturing 
Processes Lab 0 1 1 

MEEG-310 Mechanical Design 1 3 0 3  MEEG-306 Applied 
Thermodynamics 3 0 3 

MEEG-317 Fluid Mechanics Lab 0 1 1  MEEG-311 Mechanical Design 
11 3 0 3 

MEEG-319 Manufacturing 3 0 3  MEEG-316 Instrumentation & 
Experimentation Lab 1 1 2 

XXXX-xxx Required Afro 
American Course 3 0 3  MEEG-320 Fluid Mechanics 11 3 0 3 

TOTAL  14 1 15  TOTAL  13 2 15 
 

Senior – Semester 1  Senior – Semester 2 
Course Course Title Lec Lab Total  Course Course Title Lec Lab Total 

MEEG-403 Heat Transfer 3 0 3  XXXX-xxx Free Elective 3 0 3 

MEEG-413 Thermal Science Lab 0 1 1  XXXX-xxx Social Science/ 
Humanities Elect. 3 0 3 

MEEG-441 Senior Project 1 0 3 3  MEEG-442 Senior Project 11 0 3 3 
MEEG-xxx Technical Elective 3 0 3  MEEG-xxx Technical Elective 3 0 3 
CIEG-351 Probability & Statistics 3 0 3       

TOTAL  9 4 13  TOTAL  9 3 12 

3 THE TEACHING AND LEARNING ENVIRONMENT  
For the most part, the teaching paradigm used by most instructors in the department of mechanical 
engineering at Howard follow the traditional lecture method, beginning with theories and progressing 
towards application of those theories. In this approach the instructor presents information without a 
discussion of why the mathematical models are being developed and what practical problems they will 
solve, Prince & Felder [7].  The traditional learning environment is too abstract and dull, leaving 
students with a sense of boredom and particularly lack of motivation because for the most part, they 
are presented with information (that must be regurgitated on examinations) without any unifying factor. 
The department stopped using the traditional engineering drawing approach (drawing board and T-
squares) only a few semesters ago in favor of using a CAD-based software, Siemens NX as a 
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member of PACE. To achieve goals set in various national studies, [8, 9], for the engineer of the 21st 
century, the department must shift from using predominantly lecture-based teaching methods in 
undergraduate STEM courses to using more learner-centered teaching, such as problem-based 
learning (PBL). This need is fueled by the need for future engineers to demonstrate the use of higher 
order thinking, problem solving, and more interpersonal aspects of career, such as communication, 
social, and team-work skills [8]. There are however pockets of PBL-like courses in the curriculum that 
must be enhanced with the introduction of PBL in all the “bottleneck” engineering and science 
courses. This paper is an attempt to bring such an institutional change into the mechanical 
engineering curriculum at Howard University. The following sections present the current state of the 
technology infrastructure in the department and the courses that benefit from the less than adequate 
resources that must be enhanced if the national goals of the engineer of the 21st century are to be 
met. 

3.1 Technology Infrastructure 
A modern and current mechanical engineering curriculum require that both faculty and students have 
access to state-of-the-art technology in order to implement computer assisted design and analysis 
processes to enhance teaching and learning. In generic terms these tools and processes are labelled 
as Computer Aided Design (CAD), Computer Aided Engineering (CAE), Computer Aided 
Manufacturing (CAM), and Product Data Management (PDM).  

In October 2004, following an introductory qualifying period, Howard University officially became a 
member of the organization, Partners for the Advancement of Collaborative Engineering Education 
(PACE). PACE links General Motors (GM), Autodesk, Hewlett Packard (HP), Oracle, Siemens PLM 
Software, and their global operations, in the support of strategically selected academic institutions 
worldwide, to develop primarily the automotive product lifecycle management (PLM) team of the 
future. PLM, as it relates to PACE, is an integrated, parametric-based approach to all aspects of a 
product's life-from its design inception, through its manufacture, marketing, distribution and 
maintenance, and finally into recycling and disposal [10]. Currently, PACE is focused on:  

• Requirements and planning (concept development)  
• Styling (conceptualization and product design)   

• Product engineering (vehicle and powertrain detailed engineering design)  
• Simulation (validation, optimization)  

• Manufacturing engineering (tooling, machining, 3D plant layout)  
• Managed development environment (product data management, supply chain collaboration, 

digital collaboration)  

As a member of PACE, Howard University received donations of computer hardware (including 50 
refurbished HP workstations), accessories and industry level software valued at over seventy million 
dollars. The suite of software at the time included NX (formerly Unigraphics) FLUENT, software from 
MSC including NASTRAN, LS-DYNA, and software from Altair HyperWorks, Autodesk software, Alias 
and others. Based on the needs of the automobile industry, primarily, the two departments that are the 
primary beneficiaries of the software are the Mechanical engineering and the Art departments. As a 
result, the university currently has two outdated PACE laboratories on campus that contain hardware 
and software dedicated for PACE activities and for instructional activities in the execution of the 
curricula of the two departments.  Beyond the initial award of hardware and software in 2004, PACE 
makes available additional CADEM software to all its members when they become available from new 
industrial partners. Each software attracts a modest licensing fee on an annual basis. Currently, the 
PACE CAE laboratory in Mechanical Engineering has a server (for hosting software licenses) and 15-
20 workstations that are in working condition but need to be replaced due to internal capacities and 
specifications that are not optimal for a CADEM environment.  

4 THE TASK BREAKDOWN PARADIGM   
The Task Breakdown Paradigm (TBP) approach in teaching and learning draws on a popular 
approach that is used in project management and referred to as Work Breakdown Structure (WBS). It 
incorporates Problem Based Learning (PBL) principles to allow students to think critically about the 
problem being solved and to ask meaningful questions in finding solutions to problems. Traditional 
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textbook problems that are usually assigned by instructors, provide little or no guidance to students on 
where to begin (and end) in arriving at solutions that can be justified. Typically, several such problems 
are assigned in a homework or on an examination and students are usually given the choice to 
attempt a fraction of the problems. An example of such a problem statement in Thermodynamics from 
Van Wylen and Sonntag [11] is reproduced as follows: 

Three kilograms of water in a piston-cylinder arrangement is initially in the saturated-liquid state at 0.6 
MPa. Energy is added slowly to the water as heat, and the piston moves in such a way that the 
pressure remains constant. The heat energy added to the water is just enough to bring the water to 
the saturated-vapor state. Determine the work and heat transfer in kilojoules. 

In the traditional method of solving such a problem, students have the habit of “searching for formulas” 
that would allow them to plug in known quantities and hoping that only one unknown exists and 
thereby obtain a number they would refer to as the solution to the problem. In some cases, especially, 
in SI units, they assume that the number obtained has the units desired in the answer and do not 
bother to check the units. Since the US is a country that still uses Imperial Units, it is imperative that 
students are educated to be very familiar with working in both system of units and the TBP.  

In the TBP, the problem statement is modified and the sentence is replaced with the sentence: We 
wish to determine key thermodynamic parameters of the process by doing the following sequentially—
in which the problem is broken down into a number of steps (or task breakdown, a-k) as follows: 

a) Draw a neat schematic of the vessel arrangement showing the initial and final states of the 
vessel with its content(s). 

b) Based on the information provided, draw clearly labeled P-v and T-v diagrams representing the 
heating process. Identify CLEARLY the initial and final states of the process on the diagram. 
Indicate the values of known properties on the diagram. Explain your diagram. 

c) Based on your P-v and/or T-v diagrams, what do you conclude qualitatively about the initial and 
final volumes of the vessel? No calculations are required. 

d) Is there work transferred in the process; and if so in which direction? 
e) At this point you are asked to select a control mass (hint: 3 kg mass) for analysis and show ALL 

energy types that are involved in the process.  
f) Write down (using the symbols on your schematic) the basic energy balance equation for 

your selected control system on a rate basis. 
g) Using symbolic representations for the terms in the integrated energy equation, expand the 

equation to show the various energy terms that are applicable during the process from initial to 
final state. Use standard thermodynamic notations. 

h) From the table of properties, determine the initial and final properties (pressure, temperature, 
specific volume, specific internal energy, etc.). Do not change notations. 

i) Calculate the work transfer in kJ. Confirm the units obtained by performing a unit analysis. 
j) Determine (calculate) the heat transfer added to the water during the process in kJ.  
k) Comment on the results. 

5 PRELIMINARY EVALUATION METHODOLOGY 
The assessment of any new intervention to enhance teaching and learning must be done properly with 
established statistical and analysis tools. The proposed TBP has not been subjected to any rigorous 
assessment instrument but preliminarily a few anecdotal tools have been used to assess the new 
paradigm. These include (1) pre and post testing of the fundamental principles; (2) assigning 
homework assignments in the traditional format and tracking the number of questions asked by 
students; (3) assigning homework assignments in the TBP format and tracking the number of 
questions aske by students; and (4) comparing the performance of current students with those of 
former students who were taught in the traditional manner of executing assignments and 
examinations.  
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6 RESULTS AND ANALYSIS 
A gross averaging of results obtained from the four areas of class assessment, namely homework, two 
mid-semester examinations and a final examination is presented in Figure 4. In this exercise, results 
of the TBP in two classes, Fall Semester 2018 Thermodynamics and Spring Semester 2019 Applied 
Thermodynamics, are compared with Spring 2016 Thermodynamics class as the basis of comparison. 
This course was taught using the traditional method of assigning homework and the design of 
examinations. The number of students enrolled in each course was respectively 6, 20 and 24. The 
student enrolment in classes in the department are low in general. In the past, Thermodynamics was 
offered each semester and the enrolment is usually higher in the Fall semester than in the Spring 
semester. Due to the change, the next time the author taught the class was in Fall 2018 with 2o 
students enrolled who were introduced for the first time to the TBP. The same group of students (with 
an additional four from a previous semester) continued in the second part of the course, Applied 
Thermodynamics, in Spring 2019. 

 
Figure 4. Relative performance of Traditional Approach and Task Breakdown Paradigm 

Results obtained from the TBP are normalized with respect to results obtained from the traditional 
approach used in the Spring 2016 semester. It is clear that the TBP enhances the performance of 
students in working on homework assignments in a PBL environment in which they have time to think 
critically about the problem and ask questions. The results of the TBP with regards to in-class, closed 
books and notes examinations do not show a clear path as beneficial except for a slight improvement 
in the Fall 2019 final examinations. A number of plausible explanations can be advanced with this 
results that, (1) the two mid-semester and final examinations are different each semester; (2) a 
number of students were only introduced to the TBP in the Fall 2019 class and thus have not had 
enough exposure to the TBP approach to learning; and (3) the mid-semester examinations are too 
long for the students to complete in the allotted time of one and half hours.  

The results are encouraging to know that students performed much better on homework assignments 
in which they have more time to execute the task breakdown approach in solving problems and 
thereby enhance their learning of the subject matter. 

7 CONCLUSIONS 
A new approach to the teaching and learning of principles of Thermodynamics is presented in this 
paper. The approach, the Task Breakdown Paradigm (TBP), seeks to assign various tasks of problem 
in a step-by-step manner like the Work Breakdown Structure in project management. The TBP was 
introduced in teaching two semesters of Thermodynamics and Applied Thermodynamics to junior 
(third year) level students in Mechanical Engineering at Howard University. 

The results obtained from assessing four main assignment areas (homework, mid-semester 
examinations and final examination) in teaching the courses show some improvement when compared 
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to the base semester in which the Traditional Approach of teaching and learning was employed. The 
biggest improvement was obtained in the results obtained from homework assignments. Several 
lessons have been learned from the introduction of the TBP including numerous feedbacks from 
students. One among them is the time allocated to the mid-semester examinations and most 
importantly, the lack of uniformity in the design of the examinations by the instructor of the classes. 
These limitations of the TBP will be reviewed and improved in order to properly assess the effect of 
the approach in enhancing teaching and learning. Additionally, it is hypothesized that the TBP 
approach will be more effective in teaching and learning if implemented earlier in the curriculum in 
more courses than in Thermodynamics and Applied Thermodynamics. 
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