


Engineering and Mathematics – What is the Relationship?
Abstract:
An essential element of the engineering profession is a sound understanding of the mathematics that underlie various engineering practices and procedures, and it is the responsibility of the degree programs that prepare students for the profession to ensure that this understanding is achieved.  However, these educational programs are also routinely faced with needing to include more and more new topics within their curricula to remain current with developing technology.  Yet, given the time and resource constraints of typical technical curricula, expanding the list of topics to be covered can place limitations on time and resources that can be committed to math studies.  To help deal with these conflicting constraints, the survey reported here is intended to provide opinions from practicing engineers about those math skills that they find most needed day-to-day, and to provide that information to those responsible for educational programs so that they can ensure that key math skills remain covered when adjusting math curricula in response to time and resource constraints.   

Introduction
The practice of engineering is known to be an activity reliant upon a sound understanding of mathematics.  However, the continued growth and development of new products and services that are the purview of the engineering professions means that the specific relationships between various mathematical skills and the technical products and services that rely on those skills are constantly changing.  This technical growth is also pressuring educational programs to add more and more new topics (i.e., courses of study) to their curricula to remain current with developing technology.  Unfortunately, to avoid running up against time, resource, and credit limits typical of most educational programs, adding topical course work in one area often requires reduction of coverage committed to other areas of a program.  In some cases, adjustments to math coverage may be an acceptable element of those efforts.

In circumstances where math adjustments are to be considered, it is essential that the most relevant math skills for a specific program are retained; however, that begs the question of ‘what are the most, and least, relevant math skills for particular disciplines of engineering?’  The premise of this paper is that the best source for that information is from ‘practicing engineers’, i.e., those individuals that work day-to-day in engineering positions in industry.  Based on that premise, a wide-ranging opinion survey of practicing engineers was conducted to identify the mathematical skills that they use most often, the skills they see as most important, and the skills that are less relevant to day-to-day activities.  It is hoped that the information from the survey can be a helpful guide to curricula adjustments related to math skills in programs leading to careers in the engineering profession.

The Survey
	The survey is relatively simple and straight-forward. It identifies 13 specific math topics and asks practicing engineers two questions: (1) how frequently do they use skills that are reflective of each of the 13 math topics, and (2) how important to the practice of engineering in general do they view each skill to be.  Modified likert scales are used to collect answers to both questions.  The frequency scale uses six responses ranging from ‘never’ to ’daily,’ and the importance scale uses five responses ranging from ‘unimportant’ to ‘essential.’

In addition to these two core questions, respondents were also asked to provide specific information about their personal engineering experience and credentials.  Among these were the identity of the bachelor of science degree earned and the institution granting the degree, recollection of the math topics that were a required part of that degree, the engineering job title that best describes your area of engineering practice, whether or not you are a registered engineer, age group, etc.  Other questions can be found in the complete survey form, which is attached.

Survey Process
Two different approaches were used to identify agencies that could help get the survey into the hands of practicing engineers.  First, fifty engineering firms were chosen at random from a series of ad hoc internet searches asking for listings of the major engineering firms in the United States.  The fifty firms selected from the searches were involved in a wide variety of technical disciplines, and company size ranged from a few to over 100,000 employees.  Second, because they have direct contact with industry via their industry advisory boards, Institutional Members of ASEE’s Engineering Technology Council and/or ETC program/department heads were targeted to help with the survey.

Because of its focus, the survey needed to end up as much as possible in the hands of practicing engineers.  Obviously, direct mailing (or emailing) data for engineering employees of the selected companies were not available.  For that reason, the survey chose to solicit help from the senior engineering manager, or if that person could not be identified, the senior human resources manager, at each company to distribute the survey to the relevant employees in the company.  ETC Institutional Members were asked to make a similar request of their contacts. That solicitation was in the form of a letter explaining the purpose of the survey and asking that the survey be distributed.  The distributed document was an editable Word file that allowed individuals to type in their responses directly into the file, and then return the completed file via email to an email address identified at the end of the survey.  The survey file could be distributed directly by the various managers receiving the request letter, or survey recipients could download the survey form from a site on the internet.  Also, to avoid the potential that responses might be inadvertently overwritten in the emailed returns, a process for creating a unique name for each emailed survey was described at the end of the survey file.  

Survey Responses
	Survey requests were first sent out in September of 2020, and the last survey received arrived in December of 2020.  A total of 350 responses were received.  However, clarification is necessary w.r.t. this number.  Of the 350 responses, 251 came from various offices of Bechtel, Inc. and 46 came from various offices of GE-Aerospace. The remaining 53 responses came from 41 different sources.

	The degree disciplines represented in the results are shown in Figures #1 – #3 (all figures are attached at the end of this document).  Clearly ME degrees dominate, but there is substantial participation by electrical, chemical, and civil engineering disciplines.  Further the dominance of mechanical is driven by the GE data, which almost exclusively represents mechanical degrees.  Nonetheless, there is substantial coverage of the four main degree types.

	Figure #4 shows the math makeup of degrees as represented by all respondents.  Here a degree of caution is appropriate.  The average years of employment of respondents is 23, which suggests that most respondents are two or more decades out from graduation, and their recollection of specific math degree requirements may be questionable. 

Figure #5 shows the same degree content data but broken out by the four major degree categories.  With a few obvious differences (Boolean algebra and discrete math for electrical, statistics for civil, and vector calc for mechanical) there is little differences among the major disciplines about the required math studies in their B.S. degrees.

Observations
The results of the core purpose of this survey are shown in Figures #6 - #9.  These figures display the responses to the question of frequency of use of the listed math skills and the perceived importance of each skill to the practice of engineering.  Two plots of responses to both questions are provided, one based on the full data set and a second broken out by the four core engineering disciplines.  Several aspects of these charts, along with Figure #4, are notable.  First, Figure #4 show the math skills second most required by degree programs to be ordinary and partial differential equations. Compare that to Figure #6 that shows skills derived from those two topics to be essentially the least used of the 13 listed skill sets.  This might argue that some of the extensive time spent on differential equations in degree programs might be better spent on other topics.

Areas that might benefit from extra degree attention are statistics and numerical analysis.  Figure #4 shows these to be the 6th and 9th most common items to be part of a degree program; however, Figure #6 shows those skills to be 3rd and 4th on the usage scale.  Further, Figure #8 shows them to be 3rd and 6th on the importance scale. Not a difference of the order of differential equations, but one that might deserve some consideration in degree planning.

	Finally, one other area that might deserve more attention is linear algebra, which sits in the mid-range of required degree skills, and shows a similar mid-range position on the importance scale.  However, it shows a usage position near the bottom of that scale.  If the importance measure is accurate, why is the usage so infrequent?

Conclusions
	The discussion here, and the observations noted, are clearly very qualitive in nature, and this paper has focused only on the core questions of usage and importance.  A number of other slices of the data have been examined to see if there was useful information in other contexts.  Some examples: an examination of core responses from only those holding a PE license and a similar look at results from only those not holding a PE license, an examination of results from respondents of a single company (Bechtel and GE-Aerospace), an examination of results if data is limited to single age groups, or residents of individual states, etc.  If anyone would like to see those results, or examine the data in ways of their own, the full set of data is available on request.  Contact the author via email at REL9@PSU.EDU.
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Survey:  Critical Math Skills for Practicing Engineers

Purpose of Critical Math Skills Survey 
You are requested to complete the following survey only if you are serving or have served in a position in industry that carried the nominative descriptor of ‘engineer’.[footnoteRef:1]  If you have not served in such a position, please disregard the following survey. [1:  Examples: electrical engineer, mechanical engineer, civil engineer, chemical engineer, industrial engineer, computer engineer, biomedical engineer, environmental engineer, etc..] 

As a practicing engineer you are aware that a key curricular element of bachelor of science degree programs that lead to engineering professions is the mathematical content of those programs.  The increasing breadth of technology and the time and resource constraints on engineering curricula often lead to constraints on the mathematical coverage in those curricula.  In an effort to better deal with those constraints, this survey is intended to gather information from people like yourself about those mathematical subjects that you have needed to use as a practicing engineer, and to use that information to guide curricula focus with respect to mathematical subject matter in programs leading to an engineering profession.  Results will be shared with the academic community, and particularly those individuals responsible for establishing curricular content at the educational institutions.
Please provide your insights to the following questions:
· Editable spaces for your responses are the gray areas between the []
·  Check boxes can be selected by clicking on them.
·  Directions on haw to return the survey are provided at the end of the questions.
SURVEY
1. Please list the specific title of your B.S. degree          
2. Please list the institution where you earned this degree           
3. Which of the following mathematical subjects were part of your Bachelor of Science degree curriculum? (click on the boxes to mark all topics that apply)
· ☐ - Algebra
· ☐ - Trigonometry
· ☐ - Integral calculus
· ☐ - Differential calculus
· ☐ - Vector/multi-variable calculus
· ☐ - Ordinary differential equations
· ☐ - Partial differential equations
· ☐ - Boolean algebra
· ☐ - Numerical analysis
· ☐ - Statistics
· ☐ - Combinatorics
· ☐ - Discrete mathematics
· ☐ - Linear algebra
· ☐ - Other (please describe)        

In the table below please indicate, in your engineering work, the approximate frequency that you had to use the skills represented by each mathematical topic listed:
	Subject
	Never
	Once or Twice
	Occasionally
	Monthly
	Weekly
	Daily

	Algebra
	☐
	☐
	☐
	☐
	☐
	☐

	Trigonometry
	☐
	☐
	☐
	☐
	☐
	☐

	Integral calculus
	☐
	☐
	☐
	☐
	☐
	☐

	Differential calculus
	☐
	☐
	☐
	☐
	☐
	☐

	Vector/multi-variable calculus
	☐
	☐
	☐
	☐
	☐
	☐

	Ordinary differential equations
	☐
	☐
	☐
	☐
	☐
	☐

	Partial differential equations
	☐
	☐
	☐
	☐
	☐
	☐

	Boolean algebra
	☐
	☐
	☐
	☐
	☐
	☐

	Numerical analysis
	☐
	☐
	☐
	☐
	☐
	☐

	Statistics
	☐
	☐
	☐
	☐
	☐
	☐

	Combinatorics
	☐
	☐
	☐
	☐
	☐
	☐

	Discrete mathematics
	☐
	☐
	☐
	☐
	☐
	☐

	Linear algebra
	☐
	☐
	☐
	☐
	☐
	☐

	Other
	☐
	☐
	☐
	☐
	☐
	☐





4. In the table below, please indicate your opinion of the importance of each of the mathematical skills to your work as an engineer:
	Subject
	Unimportant
	Somewhat Important
	Important
	Very Important
	Essential

	Algebra
	☐
	☐
	☐
	☐
	☐

	Trigonometry
	☐
	☐
	☐
	☐
	☐

	Integral calculus
	☐
	☐
	☐
	☐
	☐

	Differential calculus
	☐
	☐
	☐
	☐
	☐

	Vector/multi-variable calculus
	☐
	☐
	☐
	☐
	☐

	Ordinary differential equations
	☐
	☐
	☐
	☐
	☐

	Partial differential equations
	☐
	☐
	☐
	☐
	☐

	Boolean algebra
	☐
	☐
	☐
	☐
	☐

	Numerical analysis
	☐
	☐
	☐
	☐
	☐

	Statistics
	☐
	☐
	☐
	☐
	☐

	Combinatorics
	☐
	☐
	☐
	☐
	☐

	Discrete mathematics
	☐
	☐
	☐
	☐
	☐

	Linear algebra
	☐
	☐
	☐
	☐
	☐

	Other
	☐
	☐
	☐
	☐
	☐






5. Which of the areas listed below best describes the area where you did most of your engineering work?
· ☐ - Mechanical Engineering
· ☐ - Electrical/Electronics Engineering
· ☐ - Civil Engineering
· ☐ - Chemical Engineering
· ☐ - Industrial/Systems Engineering
· ☐ - Aeronautical/Aerospace Engineering
· ☐ - Controls Engineering
· ☐ - Architectural Engineering
· ☐ - Computer Hardware Engineering
· ☐ - Software Engineering
· ☐ - Biomedical Engineering
· ☐ - Petroleum Engineering
· ☐ - Environmental Engineering
· ☐ - Geotechnical/Geological Engineering
· ☐ - Other (please describe)       


6. Have you earned a technical degree beyond the B.S. level?
· ☐ - M.S.
· ☐ - PhD
7. What is your current or most recent engineering job title:         
8. How many years have you worked or did you work as an engineer?          
9. [bookmark: _Hlk45617221]How many employees work(ed) at your current or most recent company?
	20 or less
	21 - 200
	201 - 2000
	2001 – 20k
	20k – 200k
	>200k

	☐
	☐
	☐
	☐
	☐
	☐


10. What is your state of residence?         
11. Are you a registered Professional Engineer? Yes☐ / No☐. If yes, in how many states?          
12. What is your age group?
	Under 25
	25 - 34
	35 - 44
	45 – 54
	55 – 65
	Over 65

	☐
	☐
	☐
	☐
	☐
	☐


Thank you for completing this survey. To prevent conflicting file names when submitting your response, please save this MS Word file with a name as follows:
MathSkillsSurvey-mmdayr-XXX.docx
Where XXX are your initials
And mmdayr is the current date
Example — MathSkillsSurvey-081020-KFJ.docx
Send the file as an attachment to an email message sent to <<Engrmathdata@gmail.com>> with an email subject line of — Math Survey.



Bechtel - # of Respondents

Mechanical Engineering	Electrical Engineering, Computer Engineering, Computer Science	Civil Engineering	Chemical Engineering	Aerospace/Aeronautical Engineering	Engineering Science, General Engineering	Nuclear Engineering	Industrial Engineering	Engineering Technology (Mech., Elec, others)	Sciences (physics, chemistry, geology, etc.)	Other	64	37	57	51	2	10	7	2	4	7	11	


GE-Aero - # of Respondents

Mechanical Engineering	Electrical Engineering, Computer Engineering, Computer Science	Civil Engineering	Chemical Engineering	Aerospace/Aeronautical Engineering	Engineering Science, General Engineering	Nuclear Engineering	Industrial Engineering	Engineering Technology (Mech., Elec, others)	Sciences (physics, chemistry, geology, etc.)	Other	29	1	2	0	7	2	0	0	1	2	3	


Portion of Degrees Requiring Each Math Element

Math Subjects	Algebra	Trig	Int Calc	Diff Calc	Vector/M-Var Calc	Ordinary Diff Eq	Partial Diff Eq	Boolean Algebra	Num Analysis	Statistics	Combina-torics	Discrete Math	Linear Algebra	Other	0.78	0.64	0.96285714285714286	0.96285714285714286	0.3	0.94	0.86571428571428577	0.38	0.5714285714285714	0.72857142857142854	9.7142857142857142E-2	0.19714285714285715	0.67428571428571427	0	Math Skills


Percentage of Degrees Requiring Each Skill



Portion of Degrees Requiring Each Math Element

All Degrs	Algebra	Trig	Int Calc	Diff Calc	Vector/M-Var Calc	Ordinary Diff Eq	Partial Diff Eq	Boolean Algebra	Num Analysis	Statistics	Combina-torics	Discrete Math	Linear Algebra	Other	0.78	0.64	0.96285714285714286	0.96285714285714286	0.3	0.94	0.86571428571428577	0.38	0.5714285714285714	0.72857142857142854	9.7142857142857142E-2	0.19714285714285715	0.67428571428571427	0	ME Degr	0.73333333333333328	0.60952380952380958	0.99047619047619051	0.98095238095238091	0.4	0.98095238095238091	0.91428571428571426	0.32380952380952382	0.59047619047619049	0.67619047619047623	2.8571428571428571E-2	9.5238095238095233E-2	0.69523809523809521	0	EE Degr	0.86363636363636365	0.68181818181818177	1	0.95454545454545459	0.27272727272727271	0.93181818181818177	0.90909090909090906	0.75	0.68181818181818177	0.75	0.25	0.45454545454545453	0.75	0	CE Degr	0.8125	0.734375	0.90625	0.96875	0.109375	0.953125	0.828125	0.28125	0.609375	0.90625	9.375E-2	0.140625	0.71875	0	ChE Degr	0.82352941176470584	0.60784313725490191	0.96078431372549022	0.94117647058823528	0.21568627450980393	0.96078431372549022	0.94117647058823528	0.31372549019607843	0.62745098039215685	0.68627450980392157	9.8039215686274508E-2	0.17647058823529413	0.68627450980392157	0	Math Skills


Percentage of Degrees Requiring Each Skill




Math Usage in Engineering Practice
(1 = Never, 2 = Once or Twice, 3 = Occasionally, 4 = Monthly, 5 = Weekly, 6 = Daily}

Math Subjects	Algebra	Trig	Int Calc	Diff Calc	Vector/M-Var Calc	Ordinary Diff Eq	Partial Diff Eq	Boolean Algebra	Num Analysis	Statistics	Combina-torics	Discrete Math	Linear Algebra	Other	4.8857142857142861	4.1571428571428575	2.7257142857142855	2.6085714285714285	2.12	2.2171428571428571	2.0085714285714285	2.0487106017191978	2.92	3.4857142857142858	2.3467048710601719	2.3685714285714288	2.2742857142857145	0	Math Skills


Frequency of Use



Math Usage in Engineering Practice
(1 = Never, 2 = Once or Twice, 3 = Occasionally, 4 = Monthly, 5 = Weekly, 6 = Daily}

All Degrs	Algebra	Trig	Int Calc	Diff Calc	Vector/M-Var Calc	Ordinary Diff Eq	Partial Diff Eq	Boolean Algebra	Num Analysis	Statistics	Combina-torics	Discrete Math	Linear Algebra	Other	4.8857142857142861	4.1571428571428575	2.7257142857142855	2.6085714285714285	2.12	2.2171428571428571	2.0085714285714285	2.0487106017191978	2.92	3.4857142857142858	2.3467048710601719	2.3685714285714288	2.2742857142857145	0	ME Degr	5	4.2571428571428571	2.6857142857142855	2.5333333333333332	2.0761904761904764	2.1047619047619048	1.9047619047619047	1.638095238095238	2.8761904761904762	3.3714285714285714	2.0571428571428569	2.0952380952380953	2.3142857142857145	2.1428571428571428	CE Degr	4.84375	4.75	2.734375	2.71875	2.40625	2.421875	2.25	1.6984126984126984	2.984375	3.53125	2.6190476190476191	2.625	2.453125	2.5172413793103448	EE Degr	5.1590909090909092	4.2272727272727275	3.25	3.1590909090909092	2.5227272727272729	2.5909090909090908	2.25	3.6136363636363638	3.1136363636363638	3.6136363636363638	2.8409090909090908	2.8636363636363638	2.6590909090909092	2.7222222222222223	ChE Degr	4.4509803921568629	3.215686274509804	2.4313725490196076	2.3333333333333335	1.7058823529411764	2.1764705882352939	1.9803921568627452	1.8235294117647058	2.7450980392156863	3.2941176470588234	2.4313725490196076	2.2941176470588234	1.7058823529411764	2.2000000000000002	Math Skills


Frequency of Use




Importance to the Practice of Engineering
(1 = Unimportant, 2 = Somewhat Important, 3 = Important, 4 = Very Important, 5 = Essential)

Math Subjects	Algebra	Trig	Int Calc	Diff Calc	Vector/M-Var Calc	Ordinary Diff Eq	Partial Diff Eq	Boolean Algebra	Num Analysis	Statistics	Combina-torics	Discrete Math	Linear Algebra	Other	4.7	4.3942857142857141	3.402857142857143	3.3142857142857145	2.6285714285714286	2.7742857142857145	2.5285714285714285	2.2685714285714287	3.117142857142857	3.7542857142857144	1.5	1.8714285714285714	2.8171428571428572	0	Math Skills


Importance Measure



Importance to the Practice of Engineering
(1 = Unimportant, 2 = Somewhat Important, 3 = Important, 4 = Very Important, 5 = Essential)

All Degrs	Algebra	Trig	Int Calc	Diff Calc	Vector/M-Var Calc	Ordinary Diff Eq	Partial Diff Eq	Boolean Algebra	Num Analysis	Statistics	Combina-torics	Discrete Math	Linear Algebra	Other	4.7	4.3942857142857141	3.402857142857143	3.3142857142857145	2.6285714285714286	2.7742857142857145	2.5285714285714285	2.2685714285714287	3.117142857142857	3.7542857142857144	1.5	1.8714285714285714	2.8171428571428572	0	ME Degr	4.7809523809523808	4.5904761904761902	3.2571428571428571	3.1809523809523808	2.3904761904761904	2.638095238095238	2.4095238095238094	1.8666666666666667	3.0571428571428569	3.7238095238095239	1.3333333333333333	1.6285714285714286	2.6857142857142855	1.3466666666666667	EE Degr	4.7272727272727275	4.2727272727272725	3.6136363636363638	3.4772727272727271	2.7954545454545454	2.7272727272727271	2.6136363636363638	3.4090909090909092	3.3409090909090908	3.7954545454545454	1.9545454545454546	2.5681818181818183	3	1.5405405405405406	CE Degr	4.703125	4.671875	3.671875	3.578125	3.25	3.203125	2.90625	2.203125	3.171875	3.84375	1.53125	2.03125	3.328125	1.4310344827586208	ChE Degr	4.5882352941176467	3.9803921568627452	3.3529411764705883	3.4509803921568629	2.4705882352941178	2.8235294117647061	2.5882352941176472	2.0784313725490198	3.0784313725490198	3.6470588235294117	1.5490196078431373	1.7254901960784315	2.5882352941176472	1.38	Math Skills


Importance Measure




All Data - # of Respondents

All Data	# of Respondents	Mechanical Engineering	Electrical Engineering, Computer Engineering, Computer Science	Civil Engineering	Chemical Engineering	Aerospace/Aeronautical Engineering	Engineering Science, General Engineering	Nuclear Engineering	Industrial Engineering	Engineering Technology (Mech., Elec, others)	Sciences (physics, chemistry, geology, etc.)	Other	106	47	65	53	9	14	7	3	14	12	19	





