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Impact of an Introductory, Makerspace-Based Engineering Course on First-
Year Retention

Abstract

This complete evidence-based practice paper focuses on the impact an introductory, makerspace
course has on engineering student retention. The course, titled Engineering Methods, Tools, &
Practice I (ENGR 111), is a requisite for all J.B. Speed School of Engineering first-year
engineering students, features integration and application of institutionally-identified
fundamental engineering topics (first introduced and practiced in prerequisite Engineering
Methods, Tools, & Practice I), and takes place in a 15,000 square foot facility located on the
University of Louisville’s campus. ENGR 111 was inaugurated in the Spring 2017 semester, and
primary course iterations have occurred during every spring semester since.

One research-cited reason that collegiate students leave engineering is a lack of engineering-
related experiences during the first year of the program. Conventional first-year engineering
curricula require students to complete multiple gateway courses prior to beginning disciplinary
coursework. These courses oftentimes deal with abstract material with little perceived
engineering context. As a result, students end up believing that all engineering courses will be
similar, and some ultimately leave for other professional arenas where applications can be
understood much earlier in academic career(s). A key motivating factor in developing ENGR 111
was to augment student desire to persist in engineering degree pursuit, by providing support and
context for many of the requisite gateway courses and to provide a more substantial engineering-
related experience.

Starting in the Spring 2019 semester and included in every subsequent course semester up to
present day (thus providing a large sample size of thousands of responses), ENGR 111 students
were surveyed on this topic at the end of the semester(s). Specifically, students were asked: 7o
what extent do you intend to keep pursuing an engineering major?, via a 10-point Likert scale
(10 = definitely will and 1 = definitely will NOT). This question was then followed up with the
following query: Please indicate below how much (if any) impact your ENGR 111 experience
had on the answer you provided on the previous question related to your intent to keep pursuing
an engineering major. Possible responses to this question were ENGR 111 had no impact,
somewhat of an impact, or significant impact on the response to the first question on engineering
retention.

For each of the five different semesters of ENGR 111 in which data was collected, over 80% of
the student body specified high intent (Likert values of 8-10) to continue pursuing an engineering
degree. Associated results show evidence for optimism that ENGR 111 is having a positive
impact on this aforementioned high desire to persist. Out of nearly 2000 ENGR 111 students
over a 6-year period, 78.8% of the students who specified a high intent to continue pursuing their
engineering degree also specified ENGR 111 to have at least somewhat of an impact on that
intent, while nearly one quarter specified their ENGR 111 experience to have a significant impact
on their strong desire to persist to earning an engineering degree.



Challenges in First-Year Engineering Retention

For several decades now, there has been a decrease in the number of collegiate students
persisting in engineering degree programs [1-2]. Increasing the quantity of graduating engineers
is challenging because factors associated with engineering student retention are multifaceted and
not thoroughly understood [3-4]. Increasing first-year engineering retention increases the number
of engineering students earning undergraduate degrees, yet the first year of engineering
undergraduate education presents several hurdles for students [5]. While aptitude and work ethic
play a role in effecting retention, research has shown that other individual constructs not only
play a very influential role in retention, but are even more meaningful than aptitude and/or work
ethic. A large-scale study by Seymour and Hewitt [6], for example, found that students’ choices
to leave STEM majors were usually not due to poor aptitude or work ethic, but instead were
more related to diminished motivation and perspectives on the reason(s) they chose that field in
the first place.

One particular factor contributing to this attrition is the nature (e.g., the student feels the course
is very difficult, or the course appears unrelated to the student’s choice of major) of many first-
and second-year gateway courses (such as foundational mathematics and/or science courses) [7],
resulting in an undesirably large number of students that fail or drop out [8]. This is certainly true
at the University of Louisville’s J.B. Speed School of Engineering (SSoE) college, in which
engineering-based mathematics courses are taught “in-house” during the first two years of
undergraduate engineering programs. Several studies [e.g. 2] have shown that the challenges
faced within this math sequence are driving factors in SSoE attrition. While SSoE has made
considerable effort to improve these courses to enhance student success, the fact remains that
many students find them quite difficult and, on occasion, overwhelmingly challenging. A
potential remedy for this issue is the provision of applied engineering-related experiences for
first-year students, potentially counteracting the discouragement resulting from some early
courses such as the math sequence, making students more likely to persevere through these
courses and persist in engineering.

Another key postulate on why first-year engineering students leave their programs is the lack of
engineering related experiences in the first year [9]. A large portion of first-year engineering
curricula require students to complete various gateway courses prior to beginning discipline-
specific studies later in their academic career(s). These courses oftentimes focus on theoretical
foundations, with little perceived engineering context for aspiring engineers with limited
knowledgebase and/or experience in the field. As a result, students end up believing that all
engineering courses will be similar, and some ultimately leave for other professional arenas
where applications can be understood much earlier in academic career(s) [10]. One approach in
addressing this issue is to send students out into the workforce early in their academic career(s),
providing them the benefits of experiencing direct engineering applications in a real-world
context. This strategy is often denoted as cooperative education (co-op). Co-op has been shown
to improve both student performance and retention [11-12]. The co-op experience is mandated as
part of the degree requirements at SSoE.



A Formal, First-Year Makerspace Course in Introductory Engineering

Another proposed strategy in addressing potential first-year engineering student disenchantment,
is integration of first-year student curricula that provides support and context for many of the
requisite gateway courses. Makerspaces are ideal facilities for fostering pedagogy in active
learning and applied engineering, thus resulting in a more substantial engineering-related
experience for students early in their academic studies. The makerspace movement furthermore
provides an excellent opportunity for students to develop their interests and identities [13]. Not
only do makerspaces offer effective opportunities for young people to engage in engineering
practices and knowledge in creative ways [ 14-15], but makerspaces also offer great potential in
serving broader goals of education [13, 16-18], such as the critical goal of augmenting first-year
engineering retention. Some institutions utilize makerspaces as a means to offer training and/or
teaching new skills and/or knowledge [19]. For quite some time now, many colleges have
provided makerspace-analogous functionalities, including assembly/testing areas, machine
shops, Computer Aided Design laboratories, and/or classrooms.

A common reason students pursue engineering is because they enjoy the process of creation and
the ability to work with their hands [20]. A formal, first-year makerspace experience could allow
all students to engage in those activities, with the potential to address motivational barriers in a
way that traditional courses and labs cannot do, where the emphasis tends to be on GPA. For
example, through a makerspace experience, engineering students could learn that “failure” is not
something to be feared. The makerspace environment gives students an outlet to learn that failure
is a part of the learning process rather than an indication of lack of ability. Perceived failure
should not be considered an obvious sign that engineering isn’t a good fit, thus resulting in
leaving the program. Likewise, makerspaces provide students a tangible means of visualizing
how problems can be solved in a way they would not see on paper, when the critical engineering
skill of problem-solving can get lost amid memorization and anxiety. While research in college
retention has focused on integration into the university, research in engineering retention has
focused more on integration into the engineering culture [21]; thereby making a formal
makerspace environment an ideal means of intervention for addressing first-year engineering
retention barriers.

In the fall of 2014, SSoE redesigned the school’s existing courses focused on introducing first-
year students to the profession and fundamentals of engineering [22-24], resulting in a two-
course sequence (2 credit-hours each) that all first-year SSoE students (approx. 350-450 students
per year) are required to take. Motivating factors for this programmatic restructure included
desire to improve the first-year experience via a newly opened makerspace on the university
campus, to provide a common first year experience for all SSoE students, to boost student
potential for success in subsequent courses, and to deliver a more substantial, realistic first-year
exposure to the engineering design process. The first course in this sequence, Engineering
Methods, Tools, & Practice I (ENGR 110), is a classroom-based course and is primarily focused
on introduction to, and practice with, fundamental engineering skills. The second course,
Engineering Methods, Tools, and Practice II (ENGR 111), is taught in a 15,000 ft?, well-
equipped makerspace called the Engineering Garage (EG). ENGR 111 is primarily focused on
application and integration of the fundamental skills introduced in ENGR 110 through active
participation in a structured team around salient engineering challenges. The only prerequisite for



ENGR 111 is ENGR 110. Although students start SSoE under a variety of math level preparation
(SSoE does have criteria pertaining to minimum ACT/SAT/Accuplacer mathematical
requirements for admission), ENGR 111 has been intentionally structured to accommodate the
full range of student possible math level preparation. Utilizing a makerspace for housing an
introductory course in engineering, such as ENGR 111, fosters a formal setting that can
systematically impact the entire range of first-year SSoE engineering students. The first iteration
of ENGR 111 was launch in Spring 2017.

As previously stated, co-op rotations are an integrated component of the degree requirements at
SSoE, yet all SSoE coops don’t start until after the first year. Thus ENGR 111 is an ideal first-
year supplement to impending coop experience(s). Accordingly, course development,
implementation, maintenance, and modification have continuously been conducted with a
primary objective to provide support and context for the aforementioned requisite gateway
courses and to provide more substantial engineering-related experiences [10]. Use of these
strategies has been shown to improve retention of students in engineering fields [25], and ENGR
111 employs such methodology. ENGR 111 also employs various forms of active learning,
including collaborative, cooperative, problem-based, project-based, and discovery-based
learning. Studies have shown that an active learning environment produces strong indications of
success and increased retention rates in engineering [26-28]. Furthermore, the nature of ENGR
111 has provided an excellent platform for various institutional faculty to conduct research in
engineering education. Since course inception, numerous related research have been
disseminated, including studies in teamwork pedagogy [29], active learning [30], value-
expectancy theory [31-33], programming [34-36], circuitry [38], and articles (SSoE best paper
awardee) on the challenges and successes of conducting the course via remote delivery at the
height of the COVID-19 pandemic [38-39].

ENGR 111 course instruction, activities, and deliverables have been designed to augment student
practice of essential engineering skills while at the same time scaffolding progression towards
Cornerstone Projects that all students present at the end of the semester. ENGR 111 features a
high volume of faculty and teaching assistant interaction with students during class time(s). The
course is also heavily team-based, which adds a level of complexity that enhances the experience
[28, 40-41]. ENGR 111 student feedback pertaining to the teamwork experience has been
overwhelmingly positive thus far [58]. As discussed above, ENGR 111 was designed with
numerous features that, based on educational research, have potential to increase student interest
and motivation in engineering, in turn, augmenting likelihood of respective students persisting to
degree achievement. Table 1 provides a summary, listing these key features in addition to 1)
associated sample citations for referencing validity of each feature with respect to feature
potential in addressing student interest/motivation, and 2) notes that include examples further
detailing the listed features. The purpose of this paper is to share and discuss results from data
collected in foundational efforts to determine the impact ENGR 111 may or may not have on
engineering student retention.



Table 1. Pedagogical features and description for the ENGR 111 course.

e Programming
o Cornerstone
Project

Feature Ref. [e.0.] Notes
» Course instruction & lesson plan(s) directly related to hand tool
usage
Hand tool usage [42-44] » Continuing need to utilize had tools during construction
(making), experimentation, and/or design
Engineering » Course pedagogy represents more tan_gible connection to the
workforce [44-46] _Worlq of engineering
association » The Cornerstone project W!|| always model an actual, real-world
engineered system
» Students work in small (3-4 person) teams for vast majority of
semester
Teamwork [47-50] » Course is intentionally structured so that teamwork skills
become more critical as course progresses
Interdisciplinary » All teams are intentione}ll)_/ createc_i as !nterQisgip!inary, _vvith 3-4
nature of [51-52] person teams consisting of dlffgrmg dlsc_lpllne_ma_uo_rs
L » Course pedagogies encompass basics of various disciplinary
engineering skills
Prot;llaetrlrjmr—scg;/ ing [43, 53- » Vast majority of course lesson plans_ present content that
S 54] requires student problem-solving application
engineering
Engi_neering » Students learn & developS srlﬁersrlgﬁiellmg basics early in the
DI\'/ali)Ig:I.ir?;) [43-44] » Course design challen_ge_s are developed to be integrated within
the existing Cornerstone system
Engineering » Students learn & develop 3D printing basics early in the
Design: 3D [43, 55] semester
Printing » Student models are printed for testing various design challenges
Engineering . . . .
Design: lterative [56-57] » Students are gl\;ﬁ?oT;r!gEﬁ ﬁgzgﬁt]a;grrefme design(s)
Nature
Dig%geg&% [58-50] _> S_tudents are only prO\_/ided the problem statement and
' criteria/constraints for design challenges; the rest is up to them
ended nature
Practice-based » Hands-on, active st_udent p_articipatiqn thrqughout semester
engineering [60-68] > At Ieas'g one experimentation experience mvolv_es student
comparison of experimental (actual) vs. theoretical results
Sat;f:é:;ls(;? " > Coyrse presenFs ad\(antageogs opportunity to teach students that
« 3D Modeling failure in engineering practices is (_)ften_a step on the “road” to
Circuitr [43, 69- success in engineering
° y 7] > Often, the initial frustration that results in achieving proficiency

in these skills results in greater satisfaction once the proficiency
is finally achieved

Methods

Starting with the Spring 2019 iteration of ENGR 111, individual students were surveyed at the
end of the semester as follows: 1) 7o what extent do you intend to keep pursuing an engineering




major? And 2) Please indicate below how much (if any) impact your ENGR 111 experience had
on the answer you provided on the previous question related to your intent to keep pursuing an
engineering major. Potential responses for the first query were provided via a 10-point Likert
scale (10 = definitely will and 1 = definitely will NOT); while potential responses to the latter
query included specifying significant, somewhat, and/or no impact from the ENGR 111 impact.
These same two questions have been delivered to subsequent ENGR 111 cohorts each and every
(Spring) semester since, with the exception of 2020 (the course was significantly altered midway
through the semester due to the onset of the COVID-19 pandemic). Upon data collection and
compilation, the varying Likert degrees of intent in continuing pursuit of an engineering degree
were further organized into 3 different subcategories: high intent for Likert responses ranging
from 8-10, medium intent for Likert responses ranging from 4-7, and /ow intent for Likert
responses ranging from 1-3.

Results & Discussion

Results associated with the first survey question (7o what extent do you intend to keep pursuing
an engineering major?) for each of the five (Spring 2019 & 2021-2024) semesters are shown in
Table 2.

Table 2. Respective semester response data pertaining to survey question #1.

ENGR 111 Cohort N (# responses) High Intent (%) Medium Intent (%) Low Intent (%)
2019 440 83.4 12.7 3.9
2021 456 86.2 9.0 4.8
2022 365 85.2 10.7 4.1
2023 340 87.6 10.3 2.1
2024 370 88.4 8.4 3.2

As shown in Table 2, the varying reported intents to pursue an engineering degree are quite
analogous across respective semesters. Accordingly, associated trends can be effectively
represented via consolidation of each of the five semesters shown in Table 2. This is shown in
Figure 1, which represents a total of 1971 different ENGR 111 student responses.
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to Pursuit,
10.2%

High Intent to
Pursuit, 86.0%

Figure 1. Consolidated (Spring 2019 & 2021-2024; N=1973) student responses to the (10-
point Likert) survey question: 7o what extent do you intend to keep pursuing an engineering
major?

The impact of the ENGR 111 experience on each of the three different subcategories of Spring
2019 student intent to pursue an engineering degree is shown in Figures 2. Figure 2a shows a raw
data distribution of the reported ENGR 111 impact across each subcategory. While Figure 2b
shows the data normalized to 100% of the total responses for each respective subcategory.
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Figure 2a. Raw data distribution of the reported ENGR 111 impact across each intent to
pursue subcategory for 2019.
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Figure 2b. Normalized data distribution of the reported ENGR 111 impact across each
intent to pursue subcategory for 2019 (note nominal values associated with x-axis labels
represent total /V value of student responses instead of normalized percent distribution).

The normalized data, as shown in Figure 2b, provides easier visualization of the ENGR 111
impact on each respective subcategory of degree pursuit intent. To elaborate, when comparing
figures 2a versus 2b, overall percentages of ENGR 111 impact are more apparent in Figure 2b.
For 2019, ENGR 111 had significant impact on 18.5% of the students who expressed high intent
to degree pursuit, 8.9% with medium intent, and 11.8% (2 out of 17) with low intent. When this
data is normalized as in Figure 2b, the overall ENGR 111 impact on each level of intent is easier
to determine and compare since it is associated with respective color heights/volumes (blue fill =
significant impact, orange fill = somewhat impact, and green fill = no impact). The normalized
data for the 2021-2024 cohorts are shown in Figures 3.
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Figure 3. Normalized data distribution of the reported ENGR 111 impact across each intent
to pursue subcategory for 2021, 2022, 2023, & 2024, respectively.

Table 3 displays the distribution of ENGR 111 impact across each cohort for those that reported
high intent only (as over 80% for each and every cohort fell into this intent to pursuit

subcategory).



Table 3. Distribution of ENGR 111 impact across each cohort for student reporting high
intent to continue pursuit of an engineering degree.

N (# of student | o0 iieant ENGR | Somewhat ENGR | No ENGR 111
ENGR 111 Cohort rEp()i;?:r?t)h'gh 1911 Impact (%0) 111 Impact (%0) Impact (%)
2019 367 185 57.2 243
2021 393 143 54.7 31.0
2022 311 251 56.3 18.6
2023 298 34.6 52.0 13.4
2024 327 32.7 52.0 153

Discussion, Conclusions & Future Work

Student intent to pursue an engineering degree after their first year in the engineering program
remains relatively high across all semesters in which they were surveyed; with no less than
83.4% specifying high intent (2019), and no higher than 4.8% specifying low intent (2021)
across each semester. It is worth noting that the 2019 cohort, which as stated directly above
specified the lowest percentage of high intent to pursuit, was the one and only semester of
associated data collected prior to the pandemic. For the four semesters of collected data since the
pandemic, the next lowest percentage of high intent to pursuit (2022) was nearly 2% higher
(85.2%) than the 2019 cohort, and as much as 5% higher (2024). Associated author theories are
varying, and not shared in this report since the 2019 cohort represents the only pre-pandemic
data point (this result, for instance, could simply be a coincidental outlier versus being a result
directly related to the pre- and post- pandemic conditions itself).

Ultimately, the results show promising evidence that ENGR 111 is indeed having a positive
impact on engineering retention. In summary, when consolidating each of the five cohorts shown
in Table 3 (N=1973), a total of 78.8% of the students who specified a high intent to continue
pursuing their engineering degree also specified ENGR 111 to have at least somewhat of an
impact on that intent; with nearly one quarter (24.3%) of the nearly 2000 students surveyed
stating that ENGR 111 had a significant impact on their high intent to continue pursuing an
engineering degree. It is also obviously desirable for the ENGR 111 experience to have a
minimal negative impact on student intent to degree pursuit. For the (77 out of 1973) students
that reported low intent to degree pursuit, course administrators are satisfied that only 0.5% of
the entire consolidated cohort — that is 9 out of 1973 students — reported that ENGR 111 had a
significant impact on their low intent to continue pursuing an engineering degree.

When considering the plots shown in Figure 3, there are a couple of trends that are particularly
noteworthy. Specifically, there is a notable increase in students with Aigh intent to degree pursuit
that specified significant ENGR 111 impact between the 2021 & 2022 cohorts, in addition to
another increase between the 2022 & 2023 cohorts. The 2021 cohort had consisted of 14.3% of
the students specifying high intent that credited the ENGR 111 impact as significant. This
percentage increased (10.8%) to 25.1% in 2022, followed by an additional (9.5%) increase in
2023 to 34.6%. It is highly probable that the first increase (2021 vs. 2022) is due to the 2021
iteration of ENGR 111 being delivered under remote instruction (due to COVID-19 pandemic).
Although course leaders are overall pleased with their efforts in developing and delivering a
remote version of a course that is in no way conducive to such a setting [38], the positive



benefits, and in turn, positive impacts, for students that receive the ENGR 111 experience while
physically present in the makerspace is intuitive and has been documented [39]. Explanation for
the second significant increase (2022 vs. 2023) is a bit less concrete, with two predominant
theories as follows. The first possible explanation for this increase is a different Cornerstone
system was utilized for each cohort. That is, the 2022 cohort Cornerstone was a bench-scale
windmill system, while the 2023 Cornerstone was a water filtration/treatment system (WFS),
developed in conjunction with local Metropolitan Sewer District (MSD) industry. Partnership
with MSD provided more opportunity for the 2023 cohort to make more direct connections with
industry and thus may have further enhanced student desire to persist in earning an engineering
degree. Perhaps a more likely cause of the 2022-2023 increase is related to the fact that SSoE
admission criteria were modified between the 2022 & 2023 academic years. Essentially, this
change in criteria resulted in larger percentage of the 2023 student body (in comparison to the
2022 student body) that had less exposure to the engineering profession prior to attending SSoE.
In other words, it’s possible that the smaller percentage of 2023 students coming into ENGR 111
with a lower level of engineering familiarity resulted in a greater impact on individual desire to
become an engineer.

Some additional analyses related to the study presented in this paper remain, including a more in-
depth statistical analysis that wasn’t able to be completed prior to submission. An institutional
IRB process is currently underway for authorization to further separate the data into sub-groups
(e.g. race, gender, starting level of math preparation) to assess any potential change in trends
versus those for the entire consolidated cohort seen and shared in this report. Furthermore, since
students have been responding to the research questions reported on in this paper since the
Spring 2019 semester, collected data has officially become longitudinal, with these past students
currently much further along in their academic careers — and many already expected to have
graduated. Accordingly, researchers are in the process of cross-referencing student responses on
intent to pursuit against actual persistence to degree (since the ENGR 111 experience) in order to
determine how effective a predictor the first-year question is on intent to pursue an engineering
degree.
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