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Students’ Self-Assessment of Modern Making Skills

Abstract

Many studies have examined the effects of active learning on students’ educational outcomes.
For engineers, this often comes in the form of fabricating components for proof-of-concept
prototypes of their engineering designs. At Carnegie Mellon University, the general engineering
students in the freshmen course Fundamentals of Mechanical Engineering prepare for
engineering design projects by receiving training in the modern making skills of CAD software,
3D printing, laser cutting-engraving, power tools, and Arduino. This study analyzed the self-
assessment of students’ confidence level to apply these maker skills before and after completing
the course. Results showed a significant improvement in students’ self-efficacy for applying
these skills after completing the course. Furthermore, a notable number of students expressing
doubt in their abilities to complete a particular task with a maker skill had improvements to their
self-efficacy upon noting the steps towards successful completion of that task, and expressed
confidence in completing an even more complex task.

Introduction

Engineering educators are often interested in knowing whether their students can confidently
apply the skills they were taught from coursework. In many studies, exams and final grades are
used as the key metrics in measuring students’ success towards applying theory to practice [1]—
[5]. Yet, other researchers have repeatedly taken more interest in variables such as self-efficacy
to determine students’ motivations and outcomes [6]-[8]. Bandura defined self-efficacy as “an
individuals’ judgment of their capability to organize and execute courses of action for a given
task” [9]. In a similar tone, Speier and Frese refer to self-efficacy as “notion that one can bring
about positive results through one’s own actions” [10]. The indicators of self-efficacy are
generally based on students’ self-assessment of their confidence level to accomplish a task using
a Likert-type scale [6]-[8]. There is a rich research literature suggesting the importance of self-
efficacy in predicting academic success, as well as persistence [9], [11]. Engineering fields have
received specific attention in the literature as self-efficacy has been identified as an important
factor in predicting student outcomes [12], [13].

Engineering also represents an interesting domain in terms of academic self-efficacy because
success in engineering often requires not only academic ability in the traditional sense (i.e., to
learn and perform well in a course), but also the ability to actually make products successfully.
Several fields of engineering at Carnegie Mellon University have a heavy focus on the latter
ability, and that is the ability explored here. This paper investigates elements of self-efficacy in a
freshman engineering course that is founded not just on students’ ability to learn concepts, but
also to plan and execute tasks with accuracy. In Fundamentals of Mechanical Engineering,
students are taught modern making skills to enable them to create proof-of-concept prototypes of
their engineering designs. Historically, mechanical engineering students across the US, as well
as many globally, develop functional prototypes for their senior capstone project. At Carnegie
Mellon University, students in the Department of Mechanical Engineering conduct prototyping
in at least one core course each year of their undergraduate career.



The safe and correct use of rapid fabrication equipment is taught individually through hands-on
training in class and directed practice outside of class. Students were surveyed before and after
completion of the course to self-assess their ability to apply modern making skills in the areas of
CAD software, 3D printing, laser cutting-engraving, power tools, and Arduino. The self-
assessment was used to study students’ perceptions of whether they believe themselves capable
of actually executing tasks for each maker skill, in addition to understanding the concepts they’re
based on. Research questions included:

1. After completing the course, do students express confidence in applying each maker skill
individually towards a corresponding exemplary task?

2. Is the level of confidence that students have in their abilities to apply maker skills
improved after taking the course?

3. In cases where students express doubt or negativity in their ability to use maker skills in
task completion, at which point in the process of that task is there a break down in
confidence?

The following sections will present the method used to survey students, results of the surveys,
and discuss the outcomes of this study.

Method

Participants were (n=130) undergraduate students enrolled in an engineering course called
‘Fundamentals of Mechanical Engineering.” This is a survey course typically taken by first-year
general engineering students in the College of Engineering at Carnegie Mellon University.
Although this course is a graduation requirement for mechanical engineering students, it is an
optional course for all non-mechanical engineering students to satisfy a graduation requirement
of introductory coursework from an alternate department.

Participants were administered a brief electronic survey on the first day of recitation before
initiating teaching maker skills. Students were asked to indicate their ability to make a series of
products that utilized five different skills that were going to be taught in the course. These skills
were categorized as CAD software (CAD), 3D printing (PRINT), laser cutting-engraving
(LASER), using hand power tools (TOOLS), and Arduino (ARDUINO). For each skill,
participants were shown a picture of a product and asked to indicate whether they thought they
currently had the ability to make what was shown in the picture (see Question 1 in Figures 1-5).
Responses were recorded on a three point scale, (“Yes, definitely” I can do that; “Maybe” I can
do that; “No” I cannot do that). These responses were posed to measure students’ confidence
towards completion of the exemplary task, thereby identifying students’ self-efficacy. The
contents and results of the pre-course survey were not mentioned nor discussed with the students.

After the last class of the semester, the students were sent a link to a post-course survey that
asked them to once again indicate their ability to make a series of products using the same five
skills that were mentioned on the first survey. For each skill, the same item from the first survey
was shown, along with the same three-point response scale. This time, however, after indicating
whether they had the ability make what was shown in the picture, they were shown three
consecutive images depicting the individual steps that are necessary to create the final product
shown in the initial picture. For each step, the students were asked whether they had the ability



to do what was being depicted using the same three-point scale (see Questions 2-4 in Figures
1-5). The purpose of adding questions that segmented the major task was seeking students’
perceived barriers in the cases where a student was not certain whether they could make the item
in question. After being shown the three steps for each product, students were shown a product
with more complexity than the original item they were shown for that category, and asked to
indicate whether they thought they could make the more complex item using the same three-
point scale (see Question 5 in Figures 1-5). This final question was included to provide an
identifier for students who were confident in learning and applying maker skills beyond the
coursework. Completion of both surveys was optional, and only data from students who
completed both the pre-course survey and post-course survey was used, which was a total of 29
participants. All results were deidentified and aggregated after the semester was over and the
course had been completed.



Q1: Can you make this using CAD software?

Q2: Can you make this
component using
CAD software?

Q3: Can you make this
component using
CAD software?

Q4: Can you assemble given
components to make this
configuration using
CAD software?

Q5: Can you formulate a plan
to model this assembly using
CAD software?
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Figure 1: Participants were asked the following questions with the accompanying images

(CAD). Question 1 was included on the pre-course and post-course survey, whereas
Questions 2-5 were only on the post-course survey.




Q1: Can you make this using a 3D printer?

Q2: Can you export Q3: Can you set up Q4: Can you remove
a file for the 3D a file to be printed using and clean a print
printer software? the 3D printer software? from the 3D printer?

Q5: Can you formulate a plan
to fabricate this assembly as a
single print using a 3D printer?

Figure 2: Participants were asked the following questions with the accompanying images
(PRINT). Question 1 was included on the pre-course and post-course survey, whereas
Questions 2-5 were only on the post-course survey.



Q1: Can you make this using a laser machine?

Q2: Can you export a
file for the laser
machine software?

PoNBOD SN2 OO0

Q3: Can you set up
lines to be cut and
engraved using laser
machine software?

Q4: Can you select
appropriate settings for
thin acrylic or wood for

the laser machine?

Q5: Can you formulate a plan to fabricate
this 3D prototype by cutting and assembling
2D laser machined components?

Figure 3: Participants were asked the following questions with the accompanying images

(LASER). Question 1 was included on the pre-course and post-course survey, whereas
Questions 2-5 were only on the post-course survey.




Q1: Can you make this using power tools?

Q2: Can you make this
using the power drill
and impact driver?

Q3: Can you make this
using the oscillating saw
and jigsaw?

Q4: Can you make this
using the band saw,
belt sander, and drill press?

Q5: Can you formulate a plan to house
a prototype by building this wooden
frame using power tools?

Figure 4: Participants were asked the following questions with the accompanying images
(TOOLS). Question 1 was included on the pre-course and post-course survey,
whereas Questions 2-5 were only on the post-course survey.




Q1: Can you make this using Arduino?

Q2: Can you control the Q3: Can you use human input |Q4: Can you use a non-human

brightness of an LED (i.e. button push) to switch | input (i.e. music beat, ambient
with a potentiometer states of multiple LEDs brightness, etc.) to switch
using Arduino? on and off using Arduino? states of multiple LEDs

on and off using Ardunio?

Q5: Can you formulate a plan to monitor
ambient light, room temperature, and
soil moisture for this potted plant using Arduino?

Figure 5: Participants were asked the following questions with the accompanying images
(ARDUINO). Question 1 was included on the pre-course and post-course survey,
whereas Questions 2-5 were only on the post-course survey.



Results

Pre-course survey data was collected from 29 students that gave five ratings per person, one for
each skill category, for a total of 145 ratings. Data was tabulated to create a percentage of the
students that indicated “Yes, definitely,” “No,” or “Maybe” for each of the five products
representing a skill category (see Question 1 in Figures 1-5). The frequency of responses for the
products representing the individual skill groups are depicted in Figure 6. These results were
also tabulated collapsing across products to create a total overall percentage of student ratings
that were yes, no, or maybe (see Appendix Table 2). Before the course began, only about 30%
of students’ collective responses indicated they could definitely make the products in question
across all of the skill groups. This value came from higher frequency of confidence response
“Yes” for power tools (45%) and laser machines (38%), and equally lower frequency of
confidence “Yes” for CAD, 3D printing, and Arduino (each 21%). In contrast, nearly 50% of
students’ responses in each skills category indicated they could not make the product in question.
This represented four of the five skills, with the exception of power tools, which had only 10%
of responses indicate that they could not make the product in question.

Pre-course Survey: '""Can you make this using... ?"
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Figure 6: Frequency of responses on the pre-course survey indicating students’ belief in their
ability to make a specific product using a particular skill. Students reported highest
frequency of “Yes” for the power tools category, and nearly equal frequency of lowest
confidence “No” for the other four of five categories.

The post-course survey data was tabulated in an identical fashion to the pre-course survey data.
The frequency of responses for the products representing the individual skill groups are depicted
in Figure 7. These results also underwent tabulation by collapsing across products to create a
total overall percentage of student ratings that were yes, no, or maybe (see Appendix Table 3).
Post-course results showed marked improvement over pre-course results of students’ perceptions



regarding their ability to make the products that appeared on the pre-course survey (see Question
1 in Figures 1-5). After the course was complete, about 60% of students indicated that they
could definitely make the products in question across all of the skill groups. Confident responses
were highest for laser cutting-engraving (86%) and lowest for Arduino and 3D printing (each
35%). Negative responses had the opposite trend of frequency rating; the overall number of the
“No” response on the post-course survey dropped to only 8%. Perhaps most importantly, for
each individual skill, both the rate of the “Yes” response increased and the rate of the “No”
response decreased from the pre-course survey several times over.

Post-course Survey: '""Can you make this using... ?"

100
o 90
£
EL 70
o £ 60
= & 50 — =
@ =
S0 40
=2 30
&= 20

; IE 0 i

0 | |

CAD PRINT LASER TOOLS ARDUINO
ENo OMaybe BYes
Figure 7: Frequency of responses on the post-course survey indicating students’ belief in their

ability to make a specific product using a particular skill. Students reported highest
frequency of “Yes” for laser machines, and lowest frequency of “Yes” for 3D printing
and Arduino. The least confident response “No” was the minority of responses for
each of the five categories.

To examine improvement on the student level, results on the post-course survey were tabulated
as conditional based on what each student indicated on the pre-course survey. Improvement was
defined as migrating responses moving towards more confident from “No” to “Maybe” or “Yes,”
otherwise “Maybe” to “Yes.” The breakdown of students’ responses that were improved from
the pre-course to post-course survey are depicted in Figure 8. These migrations towards
improvement made up the majority of responses by students, with 50% of students originally
indicating “No” later responding “Yes” and nearly 60% of students originally indicating
“Maybe” later responding “Yes” (see Appendix Table 5).



Improvement in Responses Pre-course to Post-course

50
II III III -II III

45
40
PRINT LASER TOOLS  ARDUINO

35
30
25
2
15
1

Frequency of Response
by Category (%)
[

(=]

(=R ]

ENo to Maybe @No to Yes B Maybeto Yes

Figure 8: Pre-course to post-course migration of students’ survey responses that were
improvements in confidence. These students indicated an increased belief in their
ability to make a specific product using a particular skill.

In addition to indicating their perceived ability to make the specific products for each skill
category on the post-course survey, students were also shown a series of three images of
progressive steps that were the essential components of making each product in question (see
Questions 2-4 in Figures 1-5). For each of the steps, the students were asked the same question
regarding whether they thought they were able to complete the task depicted in the image. In
order to discern the perceived barriers to making each product, these responses were examined
for all students who did not indicate confidence that they could make a particular product on the
post-course survey (i.e., responded either “Maybe” or “No”). The results in Table 1 show that in
three of the five categories, over half of these students indicated no barriers towards task
completion.



Table 1: Summary of post-course survey results for students having answered of “No” or
“Maybe” on Question 1 for any of the particular skills. These students then identified
their barriers to completing that task in Questions 2-4. Finally, these students were
asked whether they had confidence in completing an even more complex task with that
particular skill in Question 5. Cell quantities represent total response frequencies. A
notable number of students identified no barriers to completing the original task and
reported confidence in completing the more complex project.

Total At least one| No barriers Total Total

Category |“no/maybe”| barrier indicated | “no/maybe” | “yes, definitely”
Q1 Q2/Q3/Q4 | Q2/Q3/Q4 Q5 Q5
CAD 9 2 7 5 4
PRINT 20 8 12 16 4
LASER 4 4 0 3 1
TOOLS 10 4 6 3 7
ARDUINO 19 19 0 18 1

Finally, after viewing the series of progressive steps for component skills in each category,
students were shown a product with decidedly more complexity than the original product shown
for that skill category (see Question 5 in Figures 1-5). Students were again asked to indicate
whether they thought they could make each of the more complex products (see Appendix Table
4). For students that did not indicate confidence on the post-course survey to complete the easier
task (Question 1), each category had at least one unexpected response of confidence to complete
the more complex task (Question 5). Moreover, three of the five categories ranged from 20-70%
of the students originally responding without confidence for the easier task then indicated
confidence for the more complex task.



Discussion

The primary goal of teaching engineering students modern making skills is to prepare them for
conducting projects that require proof-of-concept prototypes of their engineering designs. To
impart these skills, all students individually participated in hands-on experiences, both through
training in class and directed practice outside of class. Surveys were created to provide
instructors insight into the confidence level of students to apply maker skills in the five
categories of CAD, 3D printing, laser cutting-engraving, power tools, and Arduino.

For instructors teaching modern making, there was a desire to know whether students expressed
confidence in applying each of the five skills after completing the course. In an ideal situation
for those instructors, every student would have answered “Yes, definitely” for each of the five
products representing a skill category on the post-course survey (see Question 1 in Figures 1-5).
In actuality, the post-course survey results in Figure 7 showed that each of the five maker skill
areas had some students answering “No” I cannot complete the task or “Maybe” I can complete
the task. Perhaps more importantly, results showed the post-course response “Yes” was the
largest population by more than double for three of five categories, and a relatively close second
to “Maybe” in the other two categories. These post-course responses were a major positive
difference over the nearly 50% of all students in the pre-course survey indicating “No” in four of
five categories depicted in Figure 6. In a more detailed analysis of the overall migration of
answers between pre-course and post-course surveys, these positive changes were quantifiable.
Results in Figure 8 showed a strong improvement to self-efficacy overall with 86% of all
responses to the collective of Questions 1 starting as “No” moved upwards to “Maybe” or “Yes”
(see Appendix Table 5). Another significant increase in self-efficacy overall was the migration
of responses of those originally responding “Maybe," 58% moved upwards to “Yes” while the
remaining 42% confirmed their original status of “Maybe. Hence, there is a clear trend of
improvement for students’ self-assessed confidence in applying all five categories of maker skills
after completing the course.

A key component of continuous improvement for instructors is recognizing students’ barriers,
identified here as expressing doubt or negativity towards applying maker skills. With this
knowledge, instructors are informed in adjusting the course material to mitigate or remove those
barriers. For students to have accurately responded “No” or “Maybe” to Question 1 on the post-
course survey for any of the five maker skills, there should be a lack of confidence in conducting
at least one of the main steps towards completing that task. Due to this, it was expected that
there would be at least one point of break down in the chain of product completion steps shown
by Questions 2, 3, and 4, which would be signified as not answering “Yes” to at least one of
those three questions.

For students that expressed doubt or negativity on Question 1 regarding the three categories
CAD, PRINT, and TOOLS, a clear majority of them also reported confidence in their ability to
conduct all three major steps in the process of using that maker skill (i.e. those students answered
“Yes” to Questions 2, 3, and 4). One interpretation of this result is the majority of students
answering “No” or “Maybe” to Question 1 made an incorrect initial response (i.e. they actually
believe themselves capable of completing the task), which means they should actually have



answered “Yes” to Question 1. Another interpretation is that answering Questions 2-4 caused a
positive change in their self-efficacy. Bandura and Schunk have noted that people tend to
identify lower self-efficacy for distal goals (i.e. those being larger and further to achieve)
compared to higher self-efficacy for proximal goals (i.e. those being smaller and nearer to
achieve) [14]. By analogy, the distal goal of Question 1 was segmented into proximal goals of
Questions 2-4, thereby increasing those students’ self-efficacy to respond “Yes” to all three
questions. There is additional support for the interpretation that answering Questions 2-4 caused
a positive change in those students’ self-efficacy from an investigation by Stock and Cervone,
who found that upon achieving proximal goals, people identify higher self-efficacy for future
goal attainment [15]. Finally, this interpretation is supported by the results of Question 5, a task
notably more difficult due to higher complexity than Question 1, had a significant number of
confident “Yes” responses in each of these three categories.

Conclusion

This paper analyzed the self-assessment of general engineering students in a freshmen course to
apply modern making skills: CAD software, 3D printing, laser cutting-engraving, power tools,
and Arduino. Results suggest that students had major improvements in self-efficacy for applying
these skills towards task completion after completing the course. For students expressing doubt
or negativity in their ability to use maker skills in task completion, a significant proportion
indicated no barriers towards conducting all the steps towards successfully completing that task.
In addition, there is evidence that some students may have had improvements to self-efficacy
during the post-course survey, by claiming confidence in completing a more complex task after
noting the steps towards simpler task completion with the same maker skill.
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Appendix

Table 2: Frequency of responses on the pre-course survey indicating students’ belief in their
ability to make a specific product using a particular skill. Students reported highest
frequency of “Yes” for the power tools category, and nearly equal frequency of lowest
confidence “No” for the other four of five categories. Cell quantities represent the
number of students having a given response and that quantity as a percentage of the
total group indicated in parentheses.

Pre-course | CAD PRINT | LASER | TOOLS |ARDUINO| TOTALS
No 13 (45%) | 14 (48%) | 14 (48%) | 3(10%) | 14 (48%) | 58 (40%)
Maybe | 10(34%) | 9(31%) | 4(14%) | 13(45%) | 9(31%) | 45 (31%)
Yes 6(21%) | 6(21%) | 11(38%) | 13 (45%) | 6(21%) | 42 (29%)

Table 3: Frequency of responses on the post-course survey indicating students’ belief in their
ability to make a specific product using a particular skill. Students reported highest
frequency of “Yes” for laser machines, and lowest frequency of “Yes” for 3D printing
and Arduino. The least confident response “No” was the minority of responses for
each of the five categories. Cell quantities represent the number of students having a
given response and that quantity as a percentage of the total group indicated in

parentheses.
Post-course CAD PRINT LASER TOOLS |ARDUINO | TOTALS
No 1 (3%) 5 (17%) 0 (0%) 1 (3%) 5(17%) | 12 (8%)
Maybe 8(28%) | 14(48%) | 4(14%) | 9(31%) | 14 (48%) | 49 (34%)
Yes 20 (69%) | 10(35%) | 25(86%) | 19 (66%) | 10 (35%) | 84 (58%)




Table 4: Summary of post-course survey results for students having answered of “No” or
“Maybe” on Question 1 for any of the particular skills. These students then identified
their barriers to completing that task in Questions 2-4. Finally, these students were
asked in Question 5 whether they had confidence in completing an even more complex
task with that particular skill. A notable number of these students identified no barriers
to completing the original task and reported confidence in completing the more
complex project. Cell quantities represent total response frequencies.

Total One Two Three |No barriers Total Total “yes,

Category |“no/maybe”| Barrier | Barriers | Barriers | indicated |“no/maybe” |definitely”
Q1 Q2/Q3/Q4Q2/Q3/Q4 | Q2/Q3/Q4 | Q2/Q3/Q4 Q5 Q5
CAD 9 0 0 2 7 5 4
PRINT 20 3 4 1 12 16 4
LASER 4 2 1 1 0 3 1
TOOLS 10 1 2 1 6 3 7
ARDUINO 19 4 5 10 0 18 1




Post-course Survey: '""Can you make this more complex assembly?"
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Figure 9: Frequency of responses on the post-course survey in Question 5, which indicated
students’ belief in their ability to complete an even more complex task with that

particular skill.
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Table 5: Collapsed skills summary of response migration from pre-course to post-course survey.
Cell quantities represent the number of students having a given response and that
quantity as a percentage of the total group indicated in parentheses.

Pre-course Response
Post Response NO MAYBE YES
--> 10 No 8 (14%) 0 4 (10%)
-->to maybe | 21 (36%) | 19 (42%) 9 (21%)
--> 10 yes 29 (50%) | 26 (58%) | 29 (69%)




Table 6: Individual skills summary of response migration from pre-course to post-course survey.
Cell quantities represent the number of students having a given response and that
quantity as a percentage of the total group indicated in parentheses.

CAD Pre-course Survey
Post Response NO MAYBE YES
-->to no 1 (3%) 0 0
--> to maybe 2 (7%) 3 (10%) 3 (10%)
--> 10 yes 10 (34%) 7 (24%) 3 (10%)
PRINT Pre-course
Post Response NO MAYBE YES
~->tono 3 (10%) 0 2 (1%)
-->to maybe 6 (21%) 6 (21%) 2 (7%)
--> to yes 5(17%) | 3(10%) 2 (7%)
LASER Pre-course
Post Response NO MAYBE YES
-->to no 0 0 0
--> to maybe 4 (14%) 0 0
-->to yes 10 (34%) | 4 (14%) 11 (38%)
TOOLS Pre-course
Post Response NO MAYBE YES
-->10 Nno 0 0 1 (3%)
--> to maybe 1 (3%) 6 (21%) 2 (7%)
--> 10 yes 2 (T%) 7 (24%) | 10 (34%)




Table 6 continued

ARDUINO Pre-course

Post Response NO MAYBE YES

--> 1o no 4 (14%) 0 1 (3%)

--> to maybe 8 (28%) 4 (14%) 2 (7%)

> to yes 2(7%) | 517%) | 3(10%)

Migration of Responses Pre-course to Post-course
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Figure 10: Frequency of response migration for individual skills from pre-course to post-course
survey, which indicates change in students’ belief in their ability to make a specific
product using a particular skill.



