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Abstract 
 

Due to pressure from state legislatures 
reducing credit hour limits coupled with a 
required set of core courses, science and 
engineering discipline curricula have optimized 
and downsized the topics covered in degree 
programs2.   Many secondary skills such as 
computer programming, numerical methods, 
finite elements, and stochastic analysis have 
been dropped completely from the curricula or 
minimally covered through the use of industry 
standard software.  While these skills are not 
specific to a particular discipline, the authors 
opine they constitute fundamental knowledge, 
similar to calculus, in which all engineers 
should have competence.  This paper explores 
the effect phasing out these secondary skills has 
on students perceived understanding and ability 
to apply them in upper level engineering courses 
and graduate courses. Assessment data 
regarding secondary skill competency from a 
freshman engineering analysis class and from a 
graduate numerical methods class is presented 
and discussed. The authors conclude with a 
series of strategies they intend to employ with 
assessments in future course offerings to help 
students learn these secondary skills without 
covering them in a formal course.     
 

Introduction 
 
Many state legislatures have mandated 120 

semester credit hours (SCH) [1, 2] for all 
university undergraduate degrees, theoretically 
enabling students to complete any degree in four 
years.  This requirement has resulted in schools 
choosing various methods to reduce civil and 
environmental degree program requirements 
from 135-140 SCH to 120-125 SCH averaging 
approximately   130  SCH   [3].    Strategies   for  

 
maximizing remaining credit hours include:  a) 
requiring entering students to have completed 
Calculus I and in some cases also Calculus II; b) 
cutting, removing or combining some general 
engineering courses (such as combining Statics 
and Dynamics into one 3 to 4 SCH course); c) 
treating Physics II and Electrical Circuits as 
essentially equivalent and requiring only one; d) 
eliminating or turning Numerical Methods and 
Finite Difference/Element courses into 
electives; and e) eliminating numerical methods 
topics from curricula due to the inclusion of 
industry standard software (ISS) packages such 
as MODFLOW (groundwater modeling), 
ANSYS (for structural analysis) and HEC-HMS 
(for hydrologic routing) [3- 6].   

 
Due to the curriculum reduction approaches 

described, the potential impacts on the 
knowledge and skills students learn and develop 
during their college academic experience 
include the students' lack of understanding of 
general theoretical concepts of physics, a 
decreased knowledge on fundamental 
engineering principles, decreased math 
background and limited programming ability, as 
well as “soft skills” associated with integrating 
and managing [3,7].  In fact, Barlish and Traylor 
[8] found there was a disconnect between the 
skills that students obtain from their degree 
program and the skills (as defined by the 
industry) necessary to be successful.  Therefore, 
studies have looked at how to address this 
deficiency through proper class sequencing [9] 
emphasizing “lifelong learning” which calls on 
the individual to self teach [10], and to a larger 
extent changing teaching methods [4,11]. 

 
The aforementioned studies have not 

specifically addressed the impact of curriculum 
reduction on programming and numerical 
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analysis skills.  Therefore, the objective of this 
study is to inform the development of 
engineering curricula with regards to the skills 
associated with numerical analysis and 
programming.  Students not exposed to 
numerical methods may find it difficult to 
comprehend the importance of model 
parameters and the output of the ISS software.  
To address these concerns, the authors reviewed 
the coursework at Texas Tech University to 
assess the coverage of numerical methods and 
programming topics in the civil engineering 
degree program and assessed student mastery of 
these topics.  To mitigate the deficiency of skills 
and knowledge related to numerical methods 
and programming, the authors conclude with a 
series of strategies they intend to employ to 
improve students' numerical methods and 
programming skills.   

 
Numerical  Method  and   
Programming  Exposure 

 
Recognizing that incoming freshmen students 

often have minimum exposure to numerical 
methods and programming during their K12 
education, the College of Engineering at Texas 
Tech University recently revised an existing 
course to introduce these concepts early across 
every engineering program.  The objective of 
the course is to provide a basic introduction to 
engineering problem solving and programming 
and impart competence in entry level numerical 
methods including interpolation, regression, 
numerical integration and solving linear systems 
of equations.  This course is not intended to 
cover all numerical methods students may need 
in subsequent courses in their degree plan but 
rather to provide a basic skill set they can build 
on throughout their education.   Table 1 lists the 
topics covered in the Introduction to 
Engineering course.  The first section of Table 1 
lists the topics related to numerical methods and 
the later section lists the topics related to 
programming.  
 

MATLAB is introduced early in the course so 
students may use the software to solve problems 
in addition to solving problems by hand.  While 

Table 1.  Introduction to  
Engineering Course Topics. 

 
 Course Topics 

N
um

er
ic

al
 M

et
ho

ds
 

Geometry and Trigonometry Review 
Fermi Problems 
Dimensional Analysis 
Unit Conversion 
Imaginary Numbers 
Statistics (Histograms, Normal  
Distribution, Boxplots) 
Linear Interpolation and Regression 
Numerical Integration 
Vectors 
Matrix Notation and Operations  
Solving Linear Systems of Equations 

  

Pr
og

ra
m

m
in

g 

Algorithms and Flowcharts 
Variables 
Input and Output  
Arithmetic, Relational and Logical 
Operators  
Boolean Expressions 
Making Decisions (If Statements) 
Loops 
Functions 

 
the students are expected to apply numerical 
methods without programming on exams, 
employing MATLAB in parallel on homework 
assignments provides the students with the 
ability to check their MATLAB solutions 
against hand calculations as they become more 
proficient with MATLAB.  Additionally, longer, 
more complex problems may be easily solved in 
MATLAB providing a quick way for students to 
explore the concepts more extensively than with 
hand calculations alone. Bearing in mind that 
this is a freshman level course, many of the 
topics are introduced with basic methods.  For 
example, only the 1st order (linear) methods for 
interpolation, regression and numerical 
integration are covered.  While these methods 
are relatively simple, many students find them 
challenging as they have not been exposed to 
these types of methods before this course.   
 

When the programming topics are addressed in 
the course, the students are proficient with 
MATLAB allowing them to concentrate on the 
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programming logic without struggling with 
using MATLAB.  Approximately one third of 
the course is used to introduce basic 
programming logic to the student using the 
MATLAB scripting language.  The authors 
opine computer programming logic, provides a 
small, discrete set of logic concepts that when 
mastered provide a skill set for reducing any 
engineering problem down to its base 
components (inputs): 1) identifying the core 
problem to be solved, and 2) creating a solution 
(output).  In short, any engineering problem can 
be represented by an algorithm and 
subsequently a computer program.  Thus, if one 
is proficient at computer program logic, the 
same reductionist skill set can be applied to 
engineering design.  The advantage of computer 
program logic is that there are only a few 
fundamental logic concepts one must master, 
where as the logic of engineering design is often 
obscured by the myriad design codes and 
standards required for a particular project.   

 
To quantify the level of competency the 

students obtained while enrolled in the course, a 
series of assessments were selected for the 
course topics. The assessments were typically 
exam problems, more than half of which were 

from the final exam.  Table 2 lists data from the 
past two semesters.  This data is from a single 
course section with 50 students for each 
semester.  As the course curriculum, including 
homework and exams, is standardized for all 
sections and the instructors worked closely 
together throughout the semester, this data is 
considered representative for all sections of the 
course.  The numerical values shown in Table 2 
represent the percent passing of the assessed 
problem.   

 
Variations in performance between semesters 

is expected and likely due to differences in the 
enrolled student population and differences in 
the questions selected as assessments between 
semesters.  Despite the variation, a clear overall 
70% competency of the course material is 
shown for the two semesters.  The data suggests 
the students consistently mastered matrix 
notation and Boolean expression and 
consistently struggled with algorithms, 
flowcharts and loops.  Data from all sections 
will be collected in the future, providing a more 
accurate representation of the entire course 
enrollment and allow for identification of 
variations in performance, if any, between 
course sections and semesters. 

 
Table 2:  Mastery of Introduction to Engineering Course Topics. 

 
 Course Topics Spring Fall 

N
um

er
ic

al
 M

et
ho

ds
 

Geometry and Trigonometry Review 46.9 84.9 
Fermi Problems -- 74.8 
Unit Conversion 68.0 93.0 
Imaginary Numbers 80.8 64.5 
Statistics (Histograms, Normal Distribution, Boxplots) 76.2 74.0 
Linear Interpolation and Regression 70.0 65.4 
Numerical Integration -- 80.2 
Vectors 64.7 69.4 
Matrix Notation and Operations 75.2 84.3 
Solving Linear Systems of Equations 67.6 60.2 

    

Pr
og

ra
m

m
in

g Algorithms and Flowcharts 66.0 70.4 
Boolean Expressions 84.5 90.7 
Making Decisions (If Statements) 37.3 81.4 
Loops 44.2 

 
42.6 
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The freshman Introduction to Engineering 
course is the only course in the civil and 
environmental engineering curricula at Texas 
Tech University that specifically addresses 
computer programming and the various 
numerical methods listed in Table 1.  Higher 
level courses often rely on the use of numerical 
methods beyond those introduced in the 
freshman Engineering Analysis course (Table 
4). Consequently, the instructors must either 
cover the numerical method as a course topic or 
require the students to teach themselves the 
method on their own.  Each approach has 
negative impacts on the students’ progress in the 
course, most notably the additional time spent to 
learn the new method rather than concentrating 
on the course topics.  Alternatively, the 
instructor can employ the use of ISS packages 
reducing the need for explicit numerical analysis 
and programming topics to be covered.  The 
replacement of numerical methods and 
computer programming in civil engineering 
curricula is often justified with the logical 
argument that people drive cars without 
knowing the theory behind internal combustion 
engines.  Furthermore, some argue students' 
time is better spent using ISS, as it allows them 
to explore significantly more complex problems 
in a short amount of time leading to a better 
understanding of underlying principles.  
Additionally, students with inadequate 
background, preparation or interest in 
programming and computational methods can 
more readily navigate through the civil 
engineering curricula resulting in improved 
retention and graduation rates. Student exit 
interview surveys at Texas Tech University 
have identified student readiness to use ISS is 
viewed positively by potential employers and 
satisfies the ABET student outcome criterion 
(3k) - an ability to use the techniques, skills, and 
modern engineering tools necessary for 
engineering practice [11].  It is desirable to at 
least have an understanding of what numerical 
method and programming skills the 
undergraduate students have when they 
graduate.   
 
 

Numerical  Methods  and  Programming 
Skills  of  BSCE  Program  Graduates 

 
The Department of Civil and Environmental 

Engineering at Texas Tech University offers a 
graduate Numerical Methods course.  As many 
graduates continue their education by pursuing a 
Master degree, typically about 50% of the 
students enrolled in the course have graduated 
from Texas Tech University.  On the first day of 
class the students complete a survey, where the 
students rate their knowledge of the course 
topics.  Although this survey was originally 
designed to inform the instructor on the starting 
level of skills the students enrolled in the course 
possess, the survey data can also provide insight 
to the students perception of their numerical 
methods and programming skills upon 
graduation.   The survey consisted of 16 topics, 
listed in Table 3, in which the students indicate 
their level of knowledge for each base on a four 
point scale.  Where, 1 denotes they have never 
heard of the topic; 2 denotes they have heard of 
the topic but they have not used it; 3 denotes the 
students have some idea of the topic but they are 
not to clear about it; and 4 denotes they have a 
clear understanding of the topic and they can 
explain it. 

 
The first six questions (Table 3) pertain to the 

use of MATLAB, which the graduates from 
Texas Tech University have at least used in the 
Introduction to Engineering course describe 
previously.  The next 9 questions (Table 4) 
address numerical method topics, some of 
which are commonly used in undergraduate 
civil engineering courses.  The last question 
provides an indication of students that know 
how to program but are not familiar with 
MATLAB specifically.  Figure 1 shows the 
average response for each question for the past 
three years the course was taught.  The number 
of students who completed the survey is shown 
in parenthesis next to each year in the legend.   

 
The data for each topic across the three years 

is relatively consistent with a slight trend 
downward   on   several   topics   for   the   years 
presented indicating the  students’ perception of 
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Table 3: Programming Survey Questions. 
 
# Survey Topic 
1 MATLAB 
2 Performing simple calculations using MATLAB 
3 Performing calculations with matrices and vectors using MATLAB 
4 Using m-Files to perform a multistep process or complex set of calculations in MATLAB 
5 Creating programs in MATLAB with command line user prompts and output 
6 Creating programs in MATLAB which read and write data to files 
 

Table 4: Concept-based Survey Questions and Mapped Upper Level Dependency. 
 

# Survey Topic Upper Level Dependency 
7 Matrix operations such as multiply, inverse Groundwater Hydrology 
8 Orthogonal vector space Groundwater Hydrology, Structural Analysis 
9 Solution to linear system of equations 

using Gauss Elimination 
Water Systems, Structural Analysis 

10 Solution to linear system of equations 
using banded matrix methods 

Water Systems, Structural Analysis 

11 Least-squares fitting of a curve to data Hydrology, Water Systems, Groundwater 
Hydrology 

12 Cubic Spline interpolation  
13 Numerical integration using Gaussian 

Quadrature 
Hydrology, Groundwater Hydrology 

14 Determination of Eigenvalues and 
Eigenvectors 

Structural Analysis 

15 Finite Difference models Water Systems, Hydrology, Structural 
Analysis, Groundwater Hydrology 

16 High level programming languages, e.g. 
C++, VB, Java, FORTRAN   

Programming constructs (eg looping, for 
statements, etc) are used in all courses 

 
their skills has reduced over the last three years.  
Furthermore, the data for the first three 
MATLAB related topics indicate, on average, 
that the students feel they understand the topics 
but are a little out of practice.  The responses for 
topics 4 through 6 drop sharply suggesting not 
as many students have performed these features 
in MATLAB. The students marked Topic 7 as 
the topic they were most familiar with 
indicating they understand Matrix operations 
very well whereas Topic 12 was marked the 
lowest by the students indicating they were least 
familiar with Spline Interpolation.  Figure 2 
shows the combined average of the three years 
of survey data collection which follow similar 
trends as Figure 1.  The error bars  indicate +/-
one  standard  deviation  from  the  mean.    The 
standard   deviation   appears   to   be   relatively  

 
consistent for all responses with an average 
magnitude of 0.75. 
 

A Mann-Whitney- Wilcoxon test [10] analysis 
was performed on the survey data over the 
assessment period.  This test is a non-parametric 
test of the null hypothesis which states that two 
populations are the same.  The results indicate 
that there is, in fact, a difference between 
students’ perceived understanding of 
programming versus their perceived 
understanding of the fundamental concepts 
(numerical methods) driving the program (U = 
3790, p value = 0.09). Overall the students 
rating of their familiarity with the course topics 
was  consistent  with  the  assessment  data from 
the Introduction to Engineering course 
indicating  that the  students  have not advanced   



 

COMPUTERS IN EDUCATION JOURNAL  87 

 
 

Figure 1. Average Survey Topic Responses for the Past Three  
Years in the Graduate Numerical Methods Course. 

 

 
Figure 2.  Overall Average of Survey Topic Responses for the  
Past Three Years in the Graduate Numerical Methods Course. 
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their programming or numerical methods skill 
much beyond what they learned in the freshman 
Introduction to Engineering course.  
Furthermore, the data suggests instructors are 
not introducing numerical methods concepts in 
higher level courses, or they may be relying 
more on ISS.   
 

Plan  of  Action 
 
The authors are currently developing a series 

of online interactive tutorials covering 
programming and advanced numerical methods 
commonly used in upper level courses and 
graduate programs.  The typical format of the 
interactive tutorials consists of a video-based 
lesson introducing the concept.  The tutorial will 
then have a series of walkthrough examples 
where the concept is applied to a problem and 
solved. The final component of the interactive 
tutorial will contain auto graded programs 
where the students can practice applying the 
concept to a problem and get instant feedback 
when they submit their answers.  A few 
secondary features of the tutorials include 
bookmark links to previous, subsequent and 
related topics, progress tracking, and star reward 
systems similar to many popular video games.  
The intention of these online interactive tutorials 
is to make them available to students in the 
College of Engineering at Texas Tech 
University, independent of particular courses 
and the faculty who teach them.  In the event a 
particular method is required for a course, the 
faculty can simply refer to the topics required 
and the students can use the system to learn the 
required topics on their own.  In the event that 
the students are deficient in an area, the students 
can follow the dependent topic links and learn 
those concepts first.  The plan is for topics to be 
added to the system over time with the goal of 
having an in-house content rich series of topics 
for the students to use.  Furthermore, extra 
lessons for traditional courses can be added 
allowing the students to get lessons outside the 
scheduled course meeting times.  This platform 
for online interactive tutorials is not intended to 
completely replace traditional course lesson 
meetings but rather provide supplemental 

content.  The tutorial system will also track 
student usage for subsequent assessment of their 
efficacy in addition to assessments conducted of 
their use in courses which reference them. 
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