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Using Start-Up Questions to Effectively Prepare Engineers for the
Fundamentals of Engineering Exam

Abstract

The National Council of Examiners for Engineering and Surveying (NCEES) Fundamentals of
Engineering (FE) exam is important to university students who plan to pursue a professional
engineering license, and civil engineering has the highest proportion of graduates that eventually
become licensed. An important step in this process is to prepare university students to take and
pass the FE exam prior to graduation. Many different methods have been implemented to prepare
students for the exam. The study described herein sought to prepare students for the FE exam
while they were enrolled in required undergraduate courses that cover core civil engineering
topics on the FE exam.

Students at two different universities were tasked with completing FE-style questions on quizzes
to prepare for the FE exam while enrolled in the following courses: dynamics, statics, fluid
mechanics, structural analysis, and reinforced concrete design. In each course, the FE-style
questions were based on questions published in FE review manuals, textbooks, or a NCEES
practice exam. Each question was focused on a single topic, normally administered as multiple
choice, presented at the beginning of a class period to review material (i.e., start-up, concept
check, review quiz, etc.), and required to be solved by students within a short amount of time
(e.g., 5 minutes) to simulate the FE exam. Approximately 10 FE-style questions were presented
to students in each class over the term. After completing the quiz questions, class time was
dedicated to discussing the solution and approaches to solving these types of problems. Later in
the term, students were presented with similar FE-style questions a second time on an
assessment. Both attempts were part of the grade in the courses.

To assess if the objectives of this study had been achieved, individual quiz question scores from
the first and final assessments were compared to determine if student performance improved
throughout the course. Furthermore, a student perception survey was administered before and
after implementing the FE-style questions to determine how this review method affected
students’ familiarity with the FE exam, their confidence in passing the FE exam, and their
preferred FE preparation method. Results from the study indicated that students were
significantly more familiar with the FE exam, FE-style questions, and FE exam expectations. By
the end of the study, 57% of students were confident that they would pass the exam and only 6%
were not confident. Students appreciated the opportunity to review more questions in class and
thought using the transition time at the beginning of class to review the material with FE-style
questions was a good use of time. Furthermore, student performance on the FE-style quiz
questions significantly increased; students correctly answered 73% of the FE-style questions
presented on their second attempt near the end of the semester. FE-style start-up quiz questions
were a good use of time and provided significant benefits to the students throughout this study.



Introduction

In addition to receiving an ABET-accredited undergraduate engineering degree, passing the
National Council of Examiners for Engineering and Surveying (NCEES) Fundamentals of
Engineering (FE) exam is the first step toward professional engineer (PE) licensure in most
states. Civil engineering has the highest proportion of graduates that eventually take the
Professional Engineers (PE) exam and become licensed [1]. To this end, it is important that
university students who plan to pursue professional licensure be aware of the FE exam. The FE
exam plays a crucial role in gauging the readiness of aspiring civil engineers for the challenges
of practical engineering work. Success on the FE exam establishes professional credibility within
the field, and the exam functions as a practical benchmark for evaluating the foundational
knowledge and competence of engineering graduates.

Preparing students to take and pass the FE exam prior to graduation is a crucial step. This
preparation occurs naturally through the ABET-accredited degree as students take their required
courses. In addition, being aware of the exam and understanding the importance of the exam
early in their academic journey empowers students to make informed decisions about their career
paths and coursework. Encouraging students to take the exam prior to graduation not only aligns
with licensure requirements but also fosters a sense of professional responsibility. By
emphasizing the practical relevance of the FE exam, educators can inspire students to proactively
prepare for the test. Different methods have been implemented to prepare students for the FE
exam, including credit-based courses dedicated to reviewing material, online review courses,
commercial for-profit review programs, informal review courses hosted by student groups, or a
program requirement to take the exam prior to graduation. The study described herein sought to
achieve the objective of preparing students for the FE exam while they were enrolled in required
undergraduate courses that cover core topics on the civil engineering portion of the FE exam.
Integrating exam preparation into an existing curriculum can ensure that students acquire the
necessary knowledge and skills, bridging the gap between academic learning and practical
application.

In this study, FE-style start-up quiz questions were implemented at the beginning of class periods
throughout the term. FE-style questions refer to those that are multiple choice, are scored correct
or incorrect, and are taken from published FE review manuals, textbooks, or a NCEES FE
practice exam. A start-up style question is defined as one that is given at the beginning of a class
to help review past topics and reinforce foundational concepts to students. The start-up questions
in this study were brief, presented at the beginning of a class period as a quiz, and served to both
review previous material and provide immediate student feedback related to their performance.
This type of FE-style start-up quiz review was incorporated in classes that occurred earlier in a
students’ career, typically prior to their senior year. Furthermore, this style of review
incorporated FE topics continuously throughout the term, rather than solely at the end of the
course. The goal was to help students become accustomed to the style, difficulty, and time limit
associated with FE-style questions. Finally, discussing the solutions to each FE-style question
and how to solve problems related to each topic allowed the students to gather immediate
feedback about both their performance in the context of the future exam and about their grasp of
the technical content in the course.



Background
FE Exam

Taking the FE exam is a crucial step for engineering graduates on their path toward professional
licensure in the United States. The FE exam serves as a foundational assessment method,
ensuring that engineers possess the essential knowledge and skills needed for entry-level
professional practice. Designed to assess minimum competency, the FE exam covers a broad
spectrum of topics relevant to seven engineering disciplines, including chemical, civil, electrical
and computer, environmental, industrial and systems, mechanical, and “other” engineering
disciplines. The civil engineering FE exam questions are categorized into 14 different subjects,
including mathematics and statistics, ethics and professional practice, engineering economics,
statics, dynamics, mechanics of materials, materials, fluid mechanics, surveying, water resources
and environmental, structural, geotechnical, transportation, and construction. Most questions on
the FE exam are multiple-choice format, with a single correct answer. All questions are scored
as either correct or incorrect; no partial credit is given. The exam is computer-based and
administered during testing windows, year-round at NCEES-approved test centers. Results are
based on the total number of correct answers, which is converted to a scaled score that adjusts for
any minor differences in difficulty across the different versions of the discipline specific exams.
This scaled score represents an examinee’s ability level and is compared to the minimum ability
level for that exam, which is determined by subject-matter experts through psychometric
statistical methods [2].

FE Exam Preparation Methods

Preparing for the FE exam can involve a diverse range of review methods tailored to suit
individual learning preferences. Many candidates opt for traditional study materials such as
review books, practice problems, and reference manuals that comprehensively cover the exam
syllabus. There are many FE review books available, such as those published by Goswami [3]
and Lindeburg [4]. Furthermore, the NCEES provides content for use when preparing for the FE
exam, including YouTube videos describing the types of questions and other exam functions,
pdfs of practice exams available for purchase [5], and free access to a pdf of the reference
handbook [6] that is available for use during the exam.

Online web-based platforms and review courses offered by professional organizations have
gained popularity, providing interactive learning experiences, practice exams, and real-time
feedback to participants. These collaborative learning environments allow candidates to benefit
from shared insights and diverse perspectives through structured guidance and expert-led
instruction. Two common examples of companies providing services in this realm are PPI and
Udemy. PPI [7] offers several FE exam preparation bundles that include various levels of
support, ranging from live online courses with structured guidance and instruction from
professional engineers to online self-learning bundles where candidates pay for access to curated
materials to prepare on their own timeline. Udemy [8] also offers FE review content in an online
setting, with pre-recorded videos and downloadable resources; some universities pay for a
subscription to Udemy, and students can access the FE review course and content for free.



Academic institutions are also heavily involved with preparing students for the FE exam. For
example, students may elect to depend solely on the material they learn through an
undergraduate curriculum to prepare them for passing the FE exam. Historically, a thorough civil
engineering curriculum would provide a course in every area on the FE exam, but that is no
longer the case because the breadth of material on the exam requires more courses than most
programs have time to offer [9]. Alternatively, informal review sessions are frequently organized
by formal undergraduate student groups, such as those under the umbrella of the American
Society of Civil Engineers (ASCE); some informal review sessions may include faculty who
volunteer to re-review course material outside of the related credit-bearing courses.

A significant amount of literature has documented other learning strategies that professors and
universities have implemented to help students prepare for the FE exam:

e Formal credit-bearing review courses are available at many universities, with the sole
objective of reviewing FE material [10]-[20].

e Some university engineering programs have made taking the FE exam a degree program
requirement before graduation [16], [18], [21]-[23].

e In addition to commercial online resources available for student purchase, some
universities have implemented their own online learning management system modules for
self-paced student review [24]-[26].

e Several universities have set up a mock FE exam, where students complete an exam with
FE-style questions during an extended time [11], [16], [19], [27]-[29].

e Some groups have implemented FE-style questions on quizzes and tests in undergraduate
classes, in lieu of traditional assessment questions [11], [13], [21], [30].

e A strategy to increase familiarity with the FE exam requirements is to only allow students
use of the FE handbook, or a similar replica of the equation-based reference manual,
during in-class assessment, rather than homemade reference sheets or equations sheets
made by the professor [31].

Review Quizzes

Start-up style review questions are like other warm-up, introductory, or reading quizzes that are
common in higher education. In-class review questions are a form of ensuring students have
done readings for a class and retained knowledge from previous classes. Such quizzes have been
shown to improve students’ scores on future assessments of the same material when the quizzes
were administered a few days after reading the material [32]-[34]. This continual retrieval of
course material helps with long term retention [35], and these types of quizzes can also help
review previous material while providing guidance for a student if they have not mastered a topic
and need additional help [36]. Another common use of in-class pre- and post-quizzes throughout
a semester is to strategically measure gains in knowledge in the class. This helps determine the
efficacy of the course when considering what materials to cover [37]. Using short in-class
assessments or quizzes is a common and effective way to review prior material, prepare for
upcoming tests, and review for final exams.



Summary

Ultimately, the effectiveness of FE exam preparation lies in finding a combination of review
methods that align with individual learning styles, ensuring a comprehensive and tailored
approach to mastering the exam content. Regardless of the method or methods selected, part of
the objective is to make students aware of the test, the style of questions, and the time limitations
they will face on the test.

With all the strategies that can be implemented for student success, there are also some concerns
that arise with exposure to FE-style assessment methods. Significant implementation of FE-style
assessment or a degree program requirement of taking the FE exam prior to graduation may push
a curriculum to “teach to a test” rather than allow a curriculum with the freedom to focus student
learning on the fundamental principles of engineering education [38]. Implementing a significant
amount of FE-style content could skew the assessment methods to include an excessive number
of multiple-choice questions, which are often graded as either correct or incorrect. While this
type of assessment is representative of the FE exam, it may have a significant deleterious impact
on assessment of student learning in a university setting. Significant implementation of FE-style
material and assessment, which can be considered too basic or too easy, may take away from the
educational depth that students can learn in upper-division undergraduate courses, especially as
they enter courses in their senior year. In addition, use of class time on basic FE-style material
and questions may detract from other successful learning strategies associated with the upper
tiers of Bloom’s Taxonomy [39]. Exposing students to the logistics, style, and knowledge related
to the FE exam can become a burden, both within individual class periods and within a student’s
time during the later part of their collegiate career. For example, requiring students to enroll in a
FE exam review class or take a mock FE exam may tax their limited amount of free time.

In this study, FE-style start-up questions were implemented as additional quizzes at the
beginning of class, rather than replacing existing assessment throughout the entire class
curriculum. Furthermore, a significant amount of time was not taken away from classic
instructional topics/methods. These start-up questions served as a transition time between the
start of class, review of prior material, and presentation of future material. Students were able to
evaluate their knowledge in a short but relevant way. These start-up quizzes served as concept
checks, where immediate discussion of the answer/method after completion of the quiz allowed
students to scaffold a review of the material on top of their baseline knowledge [40]. Not only
was the objective to review for the FE exam, but the questions forced the students to review key
concepts in the current class and continue to review for future assessments within their class.

Research Objectives and Questions

This study had two primary objectives: (i) document changes in student awareness and
perceptions of the FE exam, and (ii) gauge student confidence and ability to correctly answer FE-
style technical questions associated with the class in which they were enrolled. The following
three research questions (RQ) were answered to accomplish these objectives:

RQ1) Can student awareness and confidence in passing the FE exam be improved through
repeatedly experiencing FE-style questions in a standard class?



RQ2) Does asking FE-style questions in a required undergraduate course help students
prepare for the FE exam?

RQ3) Did student performance on FE-style questions improve by the end of the semester-
long course?

Research Methods

The research objectives of this study were addressed in required undergraduate civil engineering
classes through implementation of the following:

e perception surveys administered at the beginning and end of the term that gauged student
awareness of the FE exam, familiarity with technical topics on the FE exam, and
confidence in passing the FE exam;

e FE-style start-up questions given throughout the semester that made students aware of
question type, time limitations, and the testing situation. In this study all FE-style
questions were initially administered as start-up questions and then presented a second
time on a future assessment.

These research methods were implemented in six different civil engineering classes at two
universities, as shown in Table 1. In all cases, data were only collected from students who agreed
to let their data be used, based on the Institution Review Board (IRB) agreement. Every class had
at least 90% participation. There were 200 unique individuals who participated.

Table 1—Classes in which the perception surveys and start-up quiz questions were implemented.

Class University Program year in Course
(A or B) | which the class is taught | enrollment

Dynamics A 3 33
Structural Theory A 3 33
Fluid Mechanics A 3 28
Statics B 2 101
Structural Analysis B 3 45
Reinforced Concrete B 4 21

Students in their second, third, or fourth year of study in an engineering program were enrolled
in the classes listed in Table 1, as documented in the third column. Most students were civil
engineering majors, but some other engineering majors (i.e. mechanical engineers) were enrolled
in some classes at University B. A different professor taught each course but had previously
taught the same course without implementation of the FE-style start-up quiz questions.
University A is a small, public, undergraduate-focused university that requires all engineering
students to take the FE exam prior to graduation. While some students may know about the FE
exam from discussions with other faculty or students, most of the instruction and preparation in
the program at University A comes during the last (4™) year of study in the program, when a FE
review technical elective class is taken by most students. University B is a large, public, doctoral
university that does not require students to take the FE exam prior to graduation; however, the
Civil Engineering program at University B is mid-sized and does not offer a Ph.D. degree.



Student Perception Survey

Student perception data were collected from surveys administered in the first ("initial") and last
("final") week of the semester to track changes in student responses. The initial and final points
in the semester were chosen because they occurred before the first FE-style start-up review
questions were implemented in class and after the last FE-style quiz was given. The survey
questions are shown in Table 2 and aligned with two research objectives, RQ1, and RQ2.
Questions 1 and 6 provided information on each participant. Responses from Questions 2, 3, 4,
and 7 were used to determine student awareness of the FE exam (RQ1). Answers to Question 5
were used to gauge students’ confidence in passing the FE exam (RQ1), and responses to
Questions 8 and 9 were used to categorize students’ preferred methods of review for the FE
exam (RQ2). Question 10 was open-ended and used to gather any additional student feedback.

FE-style Start-up Quiz Questions

Students were presented with a series of FE-style start-up quiz questions during the semester,
that aligned with the topics taught in the course. The exact same (or nearly identical) quiz
questions were presented to students a second time in the semester to gauge students’ change in
ability to answer technical FE-style questions correctly, which helped answer the third research
question (RQ3). The students were tasked with answering these quiz questions as part of a
formal assessment in their class. During the FE exam, students are allowed to access the NCEES
electronic reference handbook, which is a searchable pdf [6]; however, use of the reference
handbook was not implemented in this study. Approximately 10 questions were asked per class
on either a quiz or test. The questions were created or taken verbatim from published FE review
manuals [3]-[4], a NCEES FE practice exam [5], or textbooks in each topic area. Textbook
questions often require more depth and time to solve. Using an external resource provided
guidance to help ensure the problems were not overly difficult or long. Each professor selected
questions relevant to their class and selected the question type (multiple choice or work-out
problems). Most questions presented to students in this study were multiple choice style, but a
few questions were workout problems. In each case, only student answers that were completely
correct were counted as correct to mimic how the FE exam is scored. No partial credit was given
regardless of the type of mistake made.

Results and Discussion

Student Perception Survey

Only data from students that completed the initial survey at the beginning of the semester and the
final survey at the end of the semester were used in this study; a few students only completed the
survey one time. Survey results were anonymous, but an identifier was assigned to each student
to track changes on a per-student basis within the set. There were 200 unique individuals who
completed the survey (there were some in multiple courses.) Most students who completed the
survey were in their second or third year of study (Table 1) and had not yet taken (or thought
about taking) the FE exam. This was supported by data from survey Question 6, which asked if
they had taken the FE exam; only 2 of the 200 students had taken the exam by beginning of the



semester and neither passed. Only 4 of the 200 students had taken the exam by the end of the
semester and 75% had passed.

Table 2—Survey questions deployed to gather student perceptions about the FE exam and
answer the associated research questions (RQ).

Questions Answer Choices RQ
1. | What is your CE, ME, Other -
undergraduate major?
2. | How familiar are you with | 1 - Not Familiar, 2 - A little Familiar, 3 - Familiar, RQ1
the Fundamentals of 4 - Very Familiar, 5 - Extremely Familiar
Engineering (FE) exam?
3. |Is the FE exam part of the | Yes, No, Don’t know RQ1
professional development
path in the career you are
considering?
4. | Are you required to take | Yes, No, Don’t know RQ1
the FE exam to graduate?
5. | What is your confidence 1 - Not Confident, 2 - A little Confident, 3 - Confident, RQ1
in passing the FE exam? |4 - Very Confident, 5 - Extremely Confident
6. | Have you already taken Yes - [ passed the exam, Yes - I did not pass the exam, o
the FE exam? No - I have never taken the exam
7. | Do you know if the Yes, No, Don’t know RQ1
material from this class is
on the FE exam?
8. | What were your a. I like reviewing past concepts. RQ2
impressions of the FE- b. Ilike gauging how well I understand the material.
style questions in this c. Ilike having extra example problems to practice in class.
class? Pick all that apply. [d. I like the transition time at the beginning of class.
e. Idid not like taking up class time with these problems.
f.  The problems did not help me learn the material.
g. Practicing for the FE is not important to me.
h. 1did not put forth much effort on these problems.
i.  Other - Please explain in the open response question below.
9. | What method of reviewing |a. Reviewing questions at the beginning of class (like we did). RQ2
for the FE exam do you b. Optional review classes on my own time.
prefer? Pick all that apply. |c. A dedicated review course that gives me credit toward my degree.
d. Test or quiz questions that simulate FE questions.
e. No review - [ am not concerned with the FE exam.
f.  No review - My coursework should be enough.
g.  Online - Watching videos (YouTube, professor web sites, etc.)
h. Other - Please explain in the open response question below.
10. | Do you have any Open response

additional comments
about this method of
reviewing for the FE
exam?




Responses from Questions 2, 3, 4, and 7 were used to determine student awareness of the FE
exam. Question 2 asked about student familiarity with the FE exam, and responses were on a 5-
point scale as shown in Table 2 (a response of 1 was not familiar while a response of 5 was
extremely familiar). It was assumed that, at this point in the students’ education, the FE exam
had not been discussed in-depth. Thus, all responses were likely based on prior knowledge from
previous classes, work experience, or personal research on the profession. Results from the initial
survey shown in Figure 1 indicated that 36% of students responded with a rating of 2 (a little
familiar) and 24% of students responded with a rating of 1 (not familiar). Approximately 40% of
students responded with a rating of 3 — 5, indicating familiar to extremely familiar. Less than
15% of students were very or extremely familiar (responses of 4 or 5) with the FE exam at the
time of the initial survey. Results from the final survey shown in Figure 1 indicated that student
familiarity with the FE exam increased for many students. Only 3% were not familiar with the
exam (response of 1), while 46% were familiar (response of 3) and over 30% were very or
extremely familiar with the exam (responses of 4 or 5). Combined, 76% of students responded
with a rating of 3 — 5, indicating familiar to extremely familiar. It was clear that student
familiarity with the FE exam significantly increased throughout the semester. The change in
familiarity with the FE exam, which was taken as the numerical difference in response between
the initial and final survey, was investigated more in-depth using student-specific response data.
Results shown in Figure 2 indicated that 37% of students (the highest percentage) gained one
level of familiarity with the FE exam while 34% did not change their familiarity (numerical
change of 0). Very few students had a decrease in familiarity (11% decreased by a numerical
value of 1), and approximately 18% of students substantially increased their familiarity (changes
in numerical response of 2 or 3). A paired sample #-test was performed to confirm that there was
a significant difference in familiarity with the FE exam before (M=2.33, SD=1.31) and after
(M=3.09, SD=0.92) the interventions, t(164)=-7.97, p<0.001.
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Figure I—Results from survey Question 2: How familiar are you with the Fundamentals of
Engineering (FE) exam?
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Figure 2—Change in response to Question 2 (familiarity with the FE Exam).

Question 3 asked if the FE was part of the professional development necessary for a student’s
career path. Not all engineering career paths require a professional license, so it would be likely
that some students would answer no. The response results in Figure 3 did not change much
between the initial and final survey, but the “Don’t Know” and “Yes” responses went down and
up, respectively, by 18%. The FE exam review implemented throughout this study helped
students become more aware of their need to take the FE exam.
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Figure 3—Results from survey Question 3: Is the FE Exam part of the professional development
path for the career you are considering?



Question 4, much like Question 3, indirectly measured students’ awareness of the FE exam. In
both cases the student had to not only be aware of the exam but be aware of how it affected their
education and career path. In this study, students at University A were required to take the FE
exam to graduate while those at University B were not, and neither university requires students
to pass the FE to graduate. Initial survey results in Figure 4 indicated that 45% of the students
did not know if they were required to take the exam, but most of those students attended
University B. In the final survey, the percentage of students answering Don’t Know dropped to
28%, which were mostly responses from students at University B. Over the course of the
semester, the results from this question indirectly indicated that students became more aware of
graduation requirements and how the FE exam might affect their plans.

Question 7 asked if content from the students’ course was on the FE exam. This helped confirm
the responses from Question 2 and indicated the depth of awareness of the FE exam. Every class
in this study covered a major topic on the Civil Engineering FE exam, so the correct answer
throughout should have been Yes. Initial and final survey results in Figure 5 indicated that the
percentage of students who knew that their course content was on the FE exam increased from
46% to 89% throughout the semester. On the final survey, less than 10% didn’t know and less
than 2% answered incorrectly. Student awareness of at least part of the content on the FE exam
went up substantially.
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Figure 4—Results from survey Question 4: Are you required to take the exam to graduate?
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Figure 5—Results from survey Question 7: Do you know if the material from this class is on the
FE exam?

Question 5 quantified student confidence related to passing the FE exam, and responses were on
a 5-point scale as shown in Table 2 (a response of 1 was not confident while a response of 5 was
extremely confident). Results shown in Figure 6 indicated that changes in confidence level in
most categories varied by 5% or less, with the exception of response 1 (not confident). The
percentage of students who were not confident decreased from 17% to 6% from the initial to
final survey, respectively. The change in confidence related to passing the FE exam, which was
taken as the numerical difference in response between the initial and final survey, was
investigated more in-depth using student-specific response data. Results shown in Figure 7
indicated that most students did not change confidence levels (change of 0). While 31% of
students did increase in confidence by 1 level, almost 18% lost confidence by 1 or 2 levels. A
paired sample #-test was performed to confirm that there was a significant difference in
confidence level related to passing the FE exam before (AM=2.37, SD=1.07) and after (M=2.64,
SD=0.84) the interventions, t(164)=-3.10, p=0.001.
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Figure 6—Results from survey Question 5: What is your confidence in passing the FE exam?
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Figure 7—Change in response to Question 5 (confidence passing the FE Exam).

Questions 8 through 10 required students to have an opinion about how to review for the FE
exam. The first time the survey was administered many had no response because they had no
opinion or did not understand the question yet. Questions 8 and 9 were used to categorize
students’ preferred methods of review for the FE exam; Question 8 asked about their perception
of the FE-style questions used in their class. A list of eight answer choices were prepopulated,
followed by an open response option. The first four answer choices (Table 2) were all positive
reactions to the FE-style quiz questions, and they were the most selected response in both the
initial and final surveys, as shown in Figure 8. Initially, most students did not respond to the
question (no category had more than 27% response) since the FE-style quizzes had not yet been
implemented. However, the final survey results shown in Figure 8 indicated that over 65% of the



students responded that they liked how the FE-style questions helped them review past concepts,
gauge their understanding of the material, and provided extra example problems. Of the final
survey negative responses to Question 8, only 5% of students said they put forth little effort on
the questions.
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Figure 8—Results from survey Question 8: What were your impressions of the FE-style
questions in this class? Pick all that apply.

Question 9 was similar to Question 8 and asked students about their preferred method of FE
review. The initial and final survey results shown in Figure 9 indicated that student responses
were similar for most categories before and after implementation of the FE-style quiz questions.
However, in both the initial and final survey, the most common student responses were
“Reviewing questions at the beginning of class (like we did)” and “Test or quiz questions that
simulate FE questions.” Both responses directly align with the style of FE exam review
implemented throughout this study. Overall, students agree that they need additional methods to
prepare and study for the FE exam; a low percentage of students don’t care about studying or
think their coursework is sufficient.
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Figure 9—Results from survey Question 9: What method of reviewing for the FE exam do you
prefer? Pick all that apply.

Question 10 was open-ended and asked for additional thoughts, impressions, and opinions. The
responses were divided into the five categories shown in Table 3. Most responses were positive;
students liked the method or idea of reviewing for the FE exam, especially early in their degree.
Initial confusion about the FE exam was corrected by the end of the semester. Several students
desired a more comprehensive FE exam review class, whether optional, for credit, or required.
Students at University A can take a technical elective course where they review for the FE exam,
which may have prompted some of these responses.

Table 3—Results from open-ended survey Question 10: Do you have any additional comments
about this method of reviewing for the FE exam?

Response Category Initial Final
Positive 22 35
Negative 0 2
Confused about the FE 13 1
Want another FE review method 7 8
Want a FE review class 5 6




FE-style Start-up Quiz Questions

Five of the classes in this study collected FE-style quiz data from the initial and final deployment
of each question, as shown in Table 4. Overall, there were 1769 quiz question attempts across all
the classes, students, and quiz questions. Only data from students that completed the questions
twice, once during the initial deployment and once during the final assessment, were used in this
study; a few students only completed quiz questions one time. Data in Table 4 indicate that only
one out of the five classes had an average change in quiz question performance that decreased
(Structural Theory). Changes in performance were measured by comparing how students did on
each question the first time compared to the second time; students could increase their score
(wrong the first time, correct the second time), decrease their score (correct the first time, wrong
the second time), or maintain their score (both correct or both wrong). For example, considering
the Dynamics course, the overall class average improved by 4% (all students, all quiz questions);
however, the class average improved by 39% on one of the ten questions and decreased by 12%
on a separate question. Results in Table 4 indicate that performance on the FE-style quiz
questions varied throughout the semester in every class, even though the overall student average
performance improved by 7% (all classes, all students, all quiz questions).

Results in Figure 10 indicated that students chose the right answer both times 53% of the time;
20% of students improved their performance from an incorrect answer the first time to a correct
answer the second time, and 11% of students had a decline in performance from a correct answer
the first time to an incorrect answer the second time. Overall, approximately 73% of students
selected the correct answer on the final assessment on a per question basis. A paired samples ¢-
test was performed to compare the overall quiz averages for all classes before and after the class
interventions. There was a significant increase in quiz averages before (M=55.4%, SD=29.4%)
and after (M=64.3%, SD=30.9%) the interventions, t(194)=-5.69, p<0.001.

Table 4—Change in FE-style quiz question performance per class.

Class Average phange Maximum change Minimum change
per question (%) | per question (%) per question (%)
Dynamics 4 39 -12
Structural Theory -2 35 -30
Fluid Mechanics 10 61 -36
Statics 8 15 -5
Structural Analysis 14 50 -5
Average 7
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Figure 10—Change in FE-style quiz question performance from the initial attempt to the final
attempt.

The FE-style quiz question results were also investigated on a per-question basis. In total, 43
questions were asked from this study for analysis. Within that set, the average score of all
students who were presented with the question could improve or decline. Results in Table 5
indicate that student performance improved on 72% of the questions presented in all classes,
while student performance declined for 28% of the questions presented in all classes. Every class
had at least as many questions with improved scores as declined scores.

Table 5—Change in average student performance per question presented in each class.
Number of FE- Improved average score | Declined average score
Course . . .
style questions (number of questions) (number of questions)
Dynamics 10 5 5
Structural Theory 5 3 2
Fluid Mechanics 10 7 3
Statics 10 9 1
Structural Analysis 8 7 1
Total Count 43 31 12
Total (%) 100 72 28

The FE-style quiz question data were also investigated on a per-student basis in each class.
Overall, results in Figure 11 indicated that the scores improved for students in every class;
student performance improved between 42% and 61% considering all classes. However,
approximately 30% of the students had scores that declined in three of the classes (dynamics,
structural theory, and fluid mechanics), while less than 17% of student scores declined in the
other two classes. Regardless of the class, at least one third of the student performances did not
improve (declined or no change). The results indicate that most students did improve on FE-style
questions through repetition, but some did not.
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Figure 11—Change in average performance for each student in each class.

The FE-style quiz question data were also analyzed to determine how many students correctly
answered at least 60% of the pass/fail questions on their final attempt. The cutoff of 60% was
chosen because it is the lowest score required to pass most collegiate courses, and the exact
cutoff to pass the FE exam is not reported. Results in Figure 12 indicate that an average of 65%
of all the students correctly answered at least 60% of the FE-style quiz questions, but results
varied between 41% and 92% depending on the course.
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Figure 12—Percentage of students who correctly answered at least 60% of the final questions in
each course.



Irregularity in question administration may have had an impact on student performance results.
Some instructors administered the FE-style start up questions more regularly in class than others.
In Structural Theory, fewer FE-style start-up questions were administered (5 questions) overall
compared to other courses (8 or 10 questions). As a result, they were spaced two or three weeks
apart in some cases. In Dynamics, questions were administered nearly every day, meaning that
students were exposed to the FE-style questions at least once a week, but only about one every
ten days was selected for this study. The same students were in the Structural Theory and
Dynamics classes. While overall student performance in Dynamics exceeded that of Structural
Theory, the difference is minimal, and more research is needed to more clearly identify how
regularity affects student performance. In Fluid Mechanics, FE-style questions were
administered in the online learning management system and due before class on ten out of the 14
Mondays in the semester. In Fluid Mechanics, the frequency was more similar to Dynamics, but
going over the problems typically did not occur until later in the week to make sure all students
had attempted the quiz before the FE-style problem was explained.

Another irregularity existed in the final administration of the questions. In most courses, the
initial FE-style question was given as a start-up question at the beginning of class; however,
instructors administered questions differently the second time. In Dynamics, all second iteration
questions were given on tests throughout the semester. In Structural Theory and Fluid
Mechanics, the questions were asked the second time on the comprehensive final exam. In these
three courses, student notebooks were not allowed as a resource. In contrast, Statics and
Structural Analysis students were permitted to use their notes when completing the second
iteration questions, which were administered on quizzes similar to the first time the students
encountered the questions.

Summary and Conclusions

This study evaluated student awareness of the FE exam, confidence in passing the FE exam, and
ability to correctly answer FE-style questions. Data were collected from students enrolled in six
different courses from two different universities. Student perception surveys and FE-style quiz
questions were presented to students two times during the semester. The changes in the results
were measured on their first and second attempt. The following conclusions and
recommendations were drawn from the analysis of data obtained from this semester-long study.

e Student familiarity with the FE exam increased significantly over this semester-long
study. Overall, 76% of students were familiar to extremely familiar with the FE exam by
the end of the course versus only 40% feeling that way at the beginning of the course.

e Approximately 74% of the students were aware of the FE exam as it related to their
career path by the end of the class compared to only 56% initially. About 45% did not
know if the FE exam was a graduation requirement prior to taking the class, and this
value was only 28% at the end of the class.

e Students were much more aware that the material from the course in which they were
enrolled was on the FE exam by the end of the class. Awareness changed from 46%
initially to 89% by the end of the class.



Student confidence in their ability to pass the FE exam increased over the course of the
semester. Initially, approximately 51% of the students were confident to extremely
confident that they would pass the FE exam, and this percentage changed to 57% by the
end of the semester. About 17% were not confident at the beginning of the semester, but
this went down to 6% by the end of the semester. While there were changes, few students
(12%) were very or extremely confident in passing by the end of the semester.

Students generally want to study and pass the exam. They prefer a variety of methods but
reviewing concepts/questions at the beginning of class and completing FE-style
assessment questions were the most highly rated.

Considering the FE-style quiz questions implemented in this class, the majority of
students liked how the FE-style start-up questions helped them review past concepts,
gauge their understanding of the material, and provided extra example problems.

Students also expressed interest in a credit-based FE exam review course, whether it is
required or optional. Approximately 30% of students also expressed interest in reviewing
on their own with study guides or online sources such as videos.

By the end of the semester, approximately 73% of the FE-style questions that were asked
were answered correctly by students engaged in this study. The overall student
performance average per question increased significantly, by 7% across all classes, even
though the average change in performance varied per class.

Overall, this learning strategy implemented to help students prepare for the FE exam was
beneficial because it made students more aware of the exam, how the exam was linked to their
future career, and the type/style of questions on the FE exam. Student perceptions indicated that
reviewing FE questions is greatly valued, whether with this method or another method. Many
students commented that they were grateful to practice for and be reminded of the FE exam.
Implementation of the methods described herein did not take away a significant amount of
instructional time and students became more aware of the exam and need to study. Considering
the methods used in this study, student familiarity with the FE exam, confidence in passing the
exam, and performance on FE-style questions significantly improved over the semester.
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