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Impact of Computation in Undergraduate Curriculum : Alumni
Perspective

Abstract

Computational methods have gained importance and popularity in both academic research and
industrial applications in recent years. Since 2014, our team has consistently worked on
reforming our Materials Science and Engineering curriculum at the University of Illinois
Urbana-Champaign by incorporating computational modules into all mandatory undergraduate
courses. Here, we investigate the impact and effectiveness of these computational modules in
light of our recent graduates’ feedback. We surveyed alumni who graduated between 2017 —2021
and asked them about the benefits of the computational curriculum and the significance of
computation for their career. “data analysis” was reported to be the most significant
computational practice, followed by “programming” and “simulation tools”. Python is the most
prevalent programming language, and half of the respondents have reported to use it for their
work. Particle based simulation tools are rarely used by our alumni, whereas continuum methods
are more relevant, especially for alumni in industry. Graduates who pursued Ph.D. or Master’s
degrees benefited more from the existence of computational modules and would also benefit the
most from qualitative improvements of the modules. Alumni have reported limited benefits of
computational modules during their job search, but note a slightly positive impact on their job
performance. Overall, our Alumni think that the current amount of computational material in the
curriculum is ideal, but further analysis indicates there is still room for qualitative improvements.
We find the perspective provided by alumni to be a valuable tool to evaluate the computational
reform of the MatSE curriculum at the University of Illinois Urbana-Champaign and it is a useful
guide on how to reshape and improve its effectiveness further.

Introduction

Computational methods in Materials Science and Engineering (MSE) are now essential in both
research and industry. Results from surveys conducted in 2009 [1] and 2018 [2] showed that
employers in the MSE field highly value computational materials science education and aim to
hire 50% of their employees with some computational MSE background. As a response to the
growing importance of computation in MSE, the curriculum of MSE at the University of Illinois
Urbana-Champaign has been reformed by incorporating computational modules into the required
core classes over the past years [3]. Detailed information about the computational modules added
can be found in our previous publications [4, 5, 6], where our team performed several student
surveys in order to spot the strengths and weaknesses of the newly introduced computational



modules [7, 8, 9, 10]. Although student surveys are an effective tool when assessing the quality of
the curriculum [11], student feedback lacks the perspective that the postgraduate experience
provides [12]. Alumni surveys can be used as a guide to reshape a curriculum, especially for
making it more relevant to the needs of employers [13]. Faculty members tend to hold the
opinions of alumni in high regard, since graduates are more informed about industry or academia
needs compared to current students [14].

In this study, we evaluate the impact of the computational reform of the curriculum by performing
a survey of the recent alumni of our MSE department. We identify the weaknesses and potential
improvements that could be made on computational modules in light of the graduates’

feedback.

Survey Respondents

It is suggested that the alumni surveys performed with the aim of improving and evaluating the
curriculum should be limited to recent graduates since their memories are still fresh, and
university education plays a more significant role in the early years of an alumni’s career [14]. On
the other hand, alumni with more experience can provide a more mature perspective about the
needs of the industry or academia compared to a fresh graduate. With these considerations in
mind, the survey was sent out to the alumni that have graduated between 2017 and 2021. The
majority of the respondents had at least some of the computational modules in their curriculum,
since most of them were first introduced between 2014 and 2015. After that, some additional
computational materials were added to the curriculum, however those were minor compared to
the first set. As a result, we do not attempt to differentiate the exact amount of computational
materials the respondents were exposed to, and only record whether they had any.

The respondents are divided into groups as seen in table 1 to facilitate the analysis of the survey
data. Roughly three quarters of our respondents have some industry experience, whereas the rest
is pursuing a Masters/Ph.D. degree without industry experience yet. Only 5 of the 38 respondents
have reported to have no computational modules in their curriculum. Since this is a small sample
size to obtain meaningful conclusions, we do not attempt to make any comparisons with the other
groups, but we are still reporting their answers separately. We also note that one respondant
without computational modules had a Ph.D. degree so their answers were grouped under
“Masters/Ph.D.” category instead of “No Computational Module” as can be seen in table 1.

Table 1: Distribution of the respondents to the survey. Answers were analyzed as 3 groups. All of
the figures use the same colors for the 3 groups.

Had Computational Modules
Sample Distribution Total
Yes No
Industry 25 29
Masters/Ph.D. 9

Total 33 5 38




The range of computational competencies is wide. In this survey, we have divided computational
skills into three groups: Use of simulation tools, use of programming languages and data analysis.
Even though there is overlap between these groups, this classification still provides more precise
conclusions for our purposes.

Simulation Tools

Our core curriculum currently introduces the computational methods: molecular dynamics (MD),
density functional theory (DFT), “Computer Coupling of Phase Diagrams and Thermochemistry”
(CALPHAD)[15], and finite-element analysis (FEA). The two following questions were asked
specific to simulations tools:

* QI : “How often do you use computational/simulation tools for your job?” (Never - ... -
Very Often, 5 point Likert Scale)

* Q2 : “Which tools/methods are you using? Please check all that apply.” (see Figure 1b for
options)

Almost 50 % of the respondents reported that they never use simulation tools for their work, as
seen in Figure 1a. Particle simulation tools like Density Functional Theory (DFT) and Molecular
Dynamics (MD) were not used by any respondents in industry, however, a small number of
participants pursuing masters or Ph.D. degrees have reported using them. The most common
simulation tool is by far Finite Element Analysis (FEA) followed by CALPHAD that is rarely
used by alumni in industry. In addition, 6 of the 25 answers to the open-ended question: What are
the topics that are essentially effective for your career in computational MatSE curriculum? and
4 of 21 answers to the question: What are the topics that were missing for your career in
computational MatSE curriculum? mention FEA, underlining its importance in industry for
MSE. Similarly, Ref.[1] points out that at universities mostly particle based simulation tools are
taught, whereas in industry continuum based models are more relevant. According to the survey
from the same study, FEA is the most cited simulation tool used by MSE employers. The survey
results suggest that students might benefit from more FEA related content in the modules, since it
is commonly used and reported to be both an effective and missing part of the computational
curriculum.

Even though DFT and MD is not used and CALPHAD is not common in industry, less than 10%
of the alumni in industry think that there should be less computational material in the curriculum,
as highlighted in Figure 5a. One possible interpretation of this apparent contradiction is that the
utility in industry is not the only reason for the demand of computational modules. Tools like MD
and DFT can provide a wider perspective on how to approach problems in MSE, they can help
with understanding other theoretical concepts of the class content [4], or may simply be an
interesting and engaging additional learning tool to the classical way the class content is covered.
The question about the amount of computational content in the curriculum bundles the three
groups of computational skills together. An alternative explanation is that students think coding
and data analysis are the main cause of satisfaction with the current amount of computational
classes, instead of the simulation tools. Overall, we think that a high level introduction of
MD-DFT-CALPHAD is ideal as a part of the core curriculum and conclude any extra additional
time should be allocated towards FEA methods, as seen in Figure 1b.
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Figure 1: Simulation Tools (38 respondents were grouped into 3 categories. In industry: Respon-
dents with industry experience that reported to have computational modules in their curriculum.
Masters/Ph.D.: Respondents pursuing/have a Masters/Ph.D. degree without industry experience
yet. No Comp. Modules: Respondents that have reported to have no computational modules in
their curriculum.)

Programming Languages

The following two questions were asked specific to the use of programming languages:

* Q3: “How often are you working with programming languages for your job?” (Never - ... -
Very Often, 5 point Likert Scale)

* Q4: “Which programming languages are you working with? Please check all that apply.”
(see Figure 2b for options)

75 % of the alumni have reported that they program for their work more often than never,
highlighting the significance of coding skills in the field. It appears that programming tasks are
more common compared to performing simulations. As shown in Figure 2b, Python is the most
prevalent programming language by far, since more than half of the respondents use Python for
their work. In our curriculum, we have been phasing out MATLAB in favor of Python, and Figure
2b clearly supports that decision. Roughly 20% of the graduates are working with either one of
C/C++/Java/Javascript, indicating that coding with compiled programming languages is also
relevant for MSE graduates. Additionally, a study reported that switching from FORTRAN to
MATLAB resulted in a drop in general coding skills of mechanical engineering students [16].
From our data and other studies in the literature [16], it is worth considering if a compiled
language programming course should be part of the core curriculum of MSE. Among the
programming languages in the “other” group, SQL stands out with 6 respondents (i.e., 15%)
using it, signaling the relevance of data bases and data analysis, which is discussed in the next
section.
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Data Analysis

Among the three categories of computational skills we surveyed, data analysis is by far the most
relevant one to our alumni. The following questions were asked specifically about data
analysis:

* Q5: “How often do you perform data analysis for your job?”” (Never - ... - Very Often, 5
point Likert Scale)

* Q6: “Which tools/languages are you using for data analysis? Please check all that apply.”
(see Figure 3b for options)

While nearly all of the respondents (37/38) are performing data analysis for their job, more than
half of them are doing it very often as displayed in Figure 3a. 28% (77/25) of the respondents cite
data analysis as one of the topics in computational MatSE curriculum that were essentially
effective for their career. In addition, 28% (6/21) of the participants think that data analysis or
skills that are closely related to it are missing in the computational MatSE curriculum. Graduates
find data analysis material in the curriculum to be both effective and insufficient. Since most of
the computational modules already have a data analysis part, this result strongly suggest that our
current students may benefit from increasing the weight of data analysis in the curriculum. Given
the prevalence of Python and data analysis, a list of relevant skills can be targeted systematically
throughout MatSE computational curriculum to make students comfortable with Python and data
analysis when they graduate. Among other data analysis tools JMP and Minitab are each cited 4
times.
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Figure 3: Data Analysis

Skills related to Coding

In addition to “Programming Languages” section, to investigate the need for coding related skills
in more detail, we asked alumni to rate how relevant the following practices for their job are (each
on a 5-point Likert Scale):

 Skill 1: “Working with big coding projects collaboratively”
 Skill 2: “Managing workflows and version control”

e Skill 3: “Testing and verifying code”

 Skill 4: “Finding your way around complicated chunks of code”

These practices can be considered to be specific to software engineers, however, in Figure S1 we
show that for approximately half of the MSE graduates, they are more relevant than not relevant
at all. The computational modules in our curriculum currently do not address any of these
competencies, as they are not regarded as essential for a materials scientist. Additionally, they
would require a solid background in programming before being introduced. Our results suggest
that these skills are still not critically relevant to MSE graduates. We did not find any data or other
studies from past years compare with, however, we speculate that relevance of these skills for a
MSE graduate may increase in the future. Current results can be interpreted as an early warning
that we should continue to monitor the trends in order to be ready to respond to the changing
needs in industry and academia by reshaping the curriculum when needed.

Impact on Career

To assess the impact of computational curriculum on their career, participants were asked to rate
the following statements on how much they agree with them:



» Statement 1: “The computational part of the MatSE curriculum helped me getting the job I
wanted.”

 Statement 2: “The computational part of the MatSE curriculum helped me performing
better at my job.”

 Statement 3: “The computational part of the MatSE curriculum has expanded my career
opportunities.”

 Statement 4: “The computational part of the MatSE curriculum has an impact on my career
choices.”

» Statement 5: “I could confidently apply for jobs requiring computational skills when I
graduated.”

 Statement 6: “I think I have missed several opportunities due to lack of computational
skills.”

The results are plotted in Figure 4. On average, alumni think that the computational part of the
curriculum was not helpful with getting the job they wanted, as shown in Figure 4a. Considering
all the factors involved in landing a job, this result is not surprising. However, there is a slightly
positive impact of the computational modules on their self-evaluated performance once the
graduates get a job as displayed in Figure 4b. They slightly agree that computational materials
have expanded their career opportunities. At the same time, most of them still do not feel
confident applying to jobs that require computational skills. Their indicated lower confidence in
applying for computational jobs is directly contradicting the strong agreement in that they did not
miss any opportunities due to the lack of computational skills. This contradiction in Figure 4b can
be interpreted in two ways: First, there were not many opportunities that could have been missed
due to lack of computational skills; second, since they have acquired sufficient computational
skills they did not miss opportunities. They also reported that there was a slight expansion of
career opportunities thanks to computational skills (Figure 4c), thus the first interpretation cannot
be the only one, and the second line of thinking must be valid to some degree. Overall, in Figures
4(c,f) we observe a net positive impact of computational modules on a graduates’ career. The rest
of the data in Figure 4 indicate a more neutral impact on average.



14
0 In Industry
12 BN )Masters/Ph.D.
= 10
2
o 8
5
é 6
< 4
2
0

1 2 3 4 5
Strongly Disagree Strongly Agree

(a) The computational part of the MatSE curricu-
lum helped me getting the job I wanted.

12
0 In Industry

10{ M Masters/Ph.D.

Answer Count
D

2

0 1 2 3 4 5
Strongly Disagree Strongly Agree

(c) The computational part of the MatSE curricu-
lum has expanded my career opportunities.

—_
(en)

0 In Industry
BN Masters/Ph.D.

Answer Count
=N W e Ot =1 00 ©

o

1 2 3 4 5
Strongly Disagree Strongly Agree

(e) I could confidently apply for jobs requiring
computational skills when I graduated.

—_
(e

0 In Industry
B Masters/Ph.D.

Answer Count
=N W e gty =1 00 O

o

1 2 3 4 5
Strongly Disagree Strongly Agree

(b) The computational part of the MatSE curricu-
Ium helped me performing better at my job.

12
0 In Industry

101 M Masters/Ph.D.

Answer Count
D

2.

0 2 3 4 5
Strongly Disagree Strongly Agree

(d) The computational part of the MatSE curricu-
Ium has an impact on my career choices.

14
0 In Industry
121 B Masters/Ph.D.
= 10
3
o 8
5]
; 6
< 4]
2
04

1 2 3 4 5
Strongly Disagree Strongly Agree

(f) I think I’ve missed several opportunities due to
lack of computational skills.

Figure 4: Impact On Career



Industry vs. Masters/Ph.D.

The number of respondents with no industry experience or equivalently pursuing Masters/Ph.D.
degrees is 9. One should keep in mind that this is a small sample size throughout the following
comparison between them and the respondents from industry.

There are significant differences in distribution of answers between industry and Ph.D./Masters
careers. Alumni in the Ph.D./Masters route think that they benefited more from computational
materials in expansion of career paths and in getting the job they wanted compared to the ones in
industry, as shown in Figure 4(a,c). On average they report a higher impact of computation on
their career (Figure 4d). Overall, this suggest that graduates in Ph.D./Masters programs benefit
more from the computational curriculum than graduates in industry.

Figures 4(e,f) tell a different story, but not necessarily a contradicting one. Alumni in
Ph.D./Masters are less confident in applying to computation related jobs, additionally they also
think that they lost more opportunities compared to their peers in industry. It seems that the
advantages of computational skills are more significant for Ph.D. and Master’s students, and at the
same time they tend to suffer more from the lack of these skills. A student who will pursue a
Ph.D./Masters degree needs and benefits more from stronger computational knowledge. While
the core curriculum should provide enough computational material to satisfy the needs of industry
careers, options should be made available to cover the extra needs of students that may choose a
Ph.D./Masters path. It is also worth noting that individuals pursuing Ph.D./Masters may tend to
value the courses they take more, regardless of what their job is and this could partially be a
reason for the difference between the two groups.

Satisfaction with the computational curriculum

To measure the satisfaction of the graduates with the quantity of computational material in the
curriculum, the following question was asked in the survey: “Should there be more or less
computational materials in the MatSE curriculum?” Almost 50% of the respondents have neutral
opinion on the 5 point Likert scale (Figure 5a), indicating that they think the amount of
computational material they received is close to ideal. Still, on average there seems to be a
moderate demand for more computational material, mostly originating from the Ph.D./Masters
students. The average opinion on the importance of computational skills in MSE and in an
alumni’s career are both strongly positive (Figure 5(b,c)). However, as pointed out in the “Impact
on Career” section, the current benefits of the computational curriculum of MatSE is not reported
to be as strong (Figures 4(a,b,c)). This could indicate that the amount of potential benefits of
computational skills is larger than what our graduates are currently experiencing. Therefore, there
is room for qualitative improvement on the computational material than quantitative, since they
are satisfied with the amount of material.
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Conclusions

Among the three classes of computational skills (simulation tools, programming, and data
analysis), data analysis is the most relevant one for the graduates. Python is by far the most
common programming language used by the graduates, therefore our students may benefit from
more computational content that combine data analysis and Python. Apart from FEA, simulation
tools are rarely used by our alumni in industry. Thus, the computational curriculum has a more
profound impact on Ph.D./Masters students compared to alumni in industry. Ph.D./Masters
students benefit more from the computational content and report more negative consequences
when lacking computational skills. An ideal MSE computational curriculum should be
sufficiently flexible to respond to the distinct needs of these two career paths. The benefit of
computational material in the MSE curriculum manifests itself after getting the job and it does not
help much during the job search. Coding related skills such as testing and verifying code or
working with complicated chunks of code is not critically important for the alumni, but it would
be useful monitor these trends for the future needs of our alumni. On average, our graduates find
the amount of computational content to be ideal, but there is still room for qualitative
improvement, since the respondents think that computational skills could potentially have been
more beneficial to their career than they currently are. Given the satisfaction with the amount of
computational content in our curriculum, we think that our computational program can serve as a
good starting point for other materials science programs. Readers can learn about the details of
the computational curriculum from our previous publications [7, 8, 9, 10]. In light of the survey
results, our aim is to modify the curriculum to focus more on data analysis with Python and finite
element methods since these are the most relevant computational skills for graduates. We believe
others can also benefit from following this direction.

The computational content of our program was not reminded to the survey respondents. We relied
on them remembering their experience with the modules. This should be considered as a
limitation together with the small sample size (n=38) while interpreting the findings of our study.
Future studies with higher number of participants will be needed for more solid

conclusions.
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Figure S1: Coding related skills

All of the questions asked in the survey are listed below:

* Ql:
o Q2:
* Q3:
e Q4:
¢ Q5:
e QO6:

“What is your year of graduation?”

“Have you pursued any other degrees after graduation?”

“How long is your industry experience in total, since graduation?”
“What is your job title?”

“How long is your experience in your current field?”

“Which of the following best describes the level of your current position?” (Entry, Mid, Senior,

Executive)

Q7:

“What is the size of your current employer company?” (Micro-sized (less than 10 employees),

Small-sized (10-100 employees), Medium-sized (100-1000 employees), Large sized (more than 1000
employees))



Q8: “Which sector does your current employer operate in?”’
Q9: “Did you have any computational material in your MatSE curriculum?” (Yes,No)

Q10: “The computational part of the MatSE curriculum helped me getting the job I wanted.” (Strongly
Disagree - ... - Strongly Agree, 5 point Likert Scale)

Q11: “The computational part of the MatSE curriculum helped me performing better at my job.” (Strongly
Disagree - ... - Strongly Agree, 5 point Likert Scale)

Q12: “The computational part of the MatSE curriculum has expanded my career opportunities.” (Strongly
Disagree - ... - Strongly Agree, 5 point Likert Scale)

Q13: “The computational part of the MatSE curriculum has an impact on my career choices.” (Strongly
Disagree - ... - Strongly Agree, 5 point Likert Scale)

Q14: “I could confidently apply for jobs requiring computational skills when I graduated.” (Strongly Disagree
- ... - Strongly Agree, 5 point Likert Scale)

Q15: “I think I’ve missed several opportunities due to lack of computational skills.” (Strongly Disagree - ... -
Strongly Agree, 5 point Likert Scale)

Q16: “How often do you use computational/simulation tools for your job?” (Never - ... - Very Often, 5 point
Likert Scale)

Q17: “Which tools/methods are you using? Please check all that apply.” (Finite Element Analysis, Molecular
Dynamics, Density Functional Theory, CALPHAD - Computer Coupling of Phase Diagrams and
Thermochemistry, No, “I’m not using any computational tools.”, Other)

Q18: “How often are you working with programming languages for your job?” (Never - ... - Very Often, 5
point Likert Scale)

Q19: “Which programming languages are you working with? Please check all that apply.” (Python, Matlab,
C++/C, Java/Javascript, “I’m not working with any programming languages”, Other)

Q20: “How often do you perform data analysis for your job?” (Never - ... - Very Often, 5 point Likert Scale)

Q21: “Which tools/languages are you using for data analysis? Please check all that apply.” (Excel, Python,
Matlab, R, System Applications and Products in Data Processing (SAP), “I’m not performing any data
analysis”, Other)

Q22: “MatSE computational curriculum has prepared you to learn new computational skills by yourself.”
(Strongly Disagree - ... - Strongly Agree, 5 point Likert Scale)

Q23: “MatSE computational curriculum should focus more on general computational thinking skills rather
than introducing tools specific to materials science.” (Strongly Disagree - ... - Strongly Agree, 5 point Likert
Scale)

Q24: “How relevant *Working with big coding projects collaboratively’ is for your job?” (Not relevant at all -
... - Very relevant, 5 point Likert Scale)

Q25: “How relevant ’Managing workflows and version control’ is for your job?” (Not relevant at all - ... -
Very relevant, 5 point Likert Scale)

Q26: “How relevant ’Testing and verifying code’ is for your job?” (Not relevant at all - ... - Very relevant, 5
point Likert Scale)

Q27: “How relevant ’Finding your way around complicated chunks of code’ is for your job?” (Not relevant at
all - ... - Very relevant, 5 point Likert Scale)

Q28: “Do you think computational tools and skills are important for materials science and engineering?”’
(Strongly Disagree - ... - Strongly Agree, 5 point Likert Scale)

Q29: “Do you think computational tools and skills are important for your career?” (Strongly Disagree - ... -
Strongly Agree, 5 point Likert Scale)



* Q30: “Should there be more or less computational material in MatSE classes?” (Less - ... - More, 5 point
Likert Scale)

* Q31: “What are the topics that are essentially effective for your career in computational MatSE curriculum?”

* Q32: “What are the topics that were missing for your career in computational MatSE curriculum?”



