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Novel Sophomore Assessment Modeled after the FE Exam
Abstract

During the last quarter of the sophomore year, all students in the Departments of Mechanical and
Materials Engineering (MME) and Electrical and Computer Engineering (ECE) at the University
of Denver (DU) take an assessment exam. The purpose of this exam is to measure the knowledge
of these students in the fields of basic math and science, as well as sophomore year engineering
courses, such as digital design, statics, circuits, and mechanics of materials.

The students take the exam as part of a zero-credit course and the exam is given in two parts on
separate days. The exam problems are similar to the Fundamentals of Engineering Exam (FE)
problems, and students are only allowed to use the official FE Reference Handbook during the
test. To pass the course students must score a combined average of 50% or better on both exams.
If a student fails to reach this average on the exams, they are required to retake the course and
obtain a passing score before they graduate. On average around 95% of students pass on the first
attempt, and, to date, all have passed on a subsequent attempt.

The results of the exam are used in the internal assessment process of the MME Department. The
results of the exam allow faculty to observe how well the students understand the fundamental
building blocks that they will later use in more complex engineering problems during their upper
divisional years. The exam also provides a checkpoint to see how well students are prepared to
take the FE during their last year of study. And lastly, data from the exam allow for analysis of
individual subjects and questions, allowing for exploration of how well students understand each
subject tested, as well as individual topics.

Overall, our faculty has found the sophomore exam to be a helpful tool in assessing both the
knowledge of our students, as well as the effectiveness of some of our early engineering courses.
The MME department also requires that all students take the FE exam to graduate, giving a set of
assessment data at two different time points in their career as a student.

Introduction

Successful assessment of undergraduate engineering programs is considered a key to moving a
program forward, and avoiding the pursuit of ineffective paths that lead to a loss of time and
energy by educators'. In fact, the 2016-2017 Accreditation Board for Engineering and
Technology (ABET) Criteria for Accrediting Engineering Programs states: “The program faculty
must have appropriate qualifications and must have and demonstrate sufficient authority to
ensure the proper guidance of the program and to develop and implement processes for the
evaluation, assessment, and continuing improvement of the program.”* Multiple assessment tools
are popular for different programs and include interviews, surveys, focus groups, course
evaluation data, standardized testing, and post-graduate analysis™*. The variety of tools allows
for each program to use the assessment protocol deemed by the faculty and administration
involved to be the most effective.



The Fundamentals of Engineering Exam (FE) provides a standardized option to assess the
knowledge of students at the time of graduation’. As indicated by Watson et al., the information
given to programs by the National Council of Examiners for Engineers and Surveyors (NCEES)
about their students’ performance used to be limited to only anonymous pass/fail data®,
Fortunately, data from NCEES is now available to programs that breaks down not only pass/fail
rates, but also provides the average student performance in each topic area’. The Mechanical and
Materials Engineering (MME) Department at the University of Denver requires that all students
pursuing an undergraduate degree in Mechanical Engineering take the FE exam as part of their
graduation requirements. This requirement allows for the data from the exam to be used by the
department in the assessment process.

While the standardized FE exam was deemed helpful by the department during assessment, it
was noted that the exam is completed at the end of a student’s tenure, and it was desirable to gain
information earlier in the student’s career. This desire was based on the idea to track how well
students had retained the basic math and science courses from their first two undergraduate
years, and whether they were able to use this information to solve engineering problems. In order
to do so, the School of Engineering developed a zero-credit course that was given at the end of
the sophomore year. This course was originally developed in response to the ABET 2000
Criteria, and has been modified over the years to meet changes in protocol, curriculum, and
technology®. During this course, the students go through an individual interview with the
instructor and take an exam based on the courses from the first two years of the curriculum. This
information is then used during the department’s internal assessment process.

This paper gives an overview of this exam, as well as how it is used to help in our internal
assessment process and outlines recent plans to use the exam to aid students in their upper
divisional years as well. It also includes modifications that have occurred within the exam in the
past years due to curriculum changes and changes to the FE exam itself.

Sophomore Assessment Exam
Description of Exam

All students in the departments of MME and Electrical and Computer Engineering (ECE) are
required to take an assessment exam during the 3™ quarter of their sophomore year as part of a
zero credit course. The exam is given in two parts during the quarter, and the exams are roughly
four weeks apart. Part one contains questions on topics of the basic math and science courses in
the curriculum, which include: Chemistry, Physics, Algebra, Calculus, and Differential
Equations. Part two covers questions on second year engineering courses, including: Digital
Design, Circuits, Statics, Mechanics of Materials, Procedural Programming, and MATLAB.
Each exam contains 70-80 multiple-choice questions that are all written in similar style to the FE
exam. A few example questions are given below in Table 1:



Table 1: Example questions and answers from the exam. Correct answers are indicated in bold

configurations is correct for silicon
(atomic number 14)?

Topic Question Multiple Choice Answers
a) A cos wt
Physics/Calculus If x=Acos(wt), what does velocity b) -A cos wt
equal? ¢) -Aw sin wt
d) Aw sin wt
e) -Aw2 cos wt
a) 1s22s22p63s13p3
Chemistry Which of the following electron b) 1522s22p63s43p4

c) 1s22s22p63s23p4
d) 1s22s22p63s23p2
e) 1s22s22p63s43p2

A steel shaft of 200mm diameter is a) 86 MPa
Mechanics of twisted by a torque of 125.6 kNm. What | b) 110 MPa
Materials is the maximum shear stress in the c) 160 MPa

shaft? d) 190 MPa

e) None of the above

The students take the exam on their personal computers through an internal assessment website.
Students are given three hours to take each exam and they are allowed to use an FE-approved
calculator along with the current edition of the FE Handbook, which they must download
personally from the NCEES website.

In order to pass the exam the students must receive a combined average of 50% or better on both
exams. The passing score of 50% was chosen to encourage students to try (i.e. not just fill in ‘C’
the entire exam), but also allow the students to take the exam without studying, which was felt to
lead to more accurate results for assessment purposes. While the class is worth zero credits, the
students do receive a grade based on their combined average score on the two exams. The scale
is as follows: <50% F; 50-59% C; 60-69% B; 70-100% A. While the grade does not affect the
student’s GPA, it does appear on their transcripts, giving incentive for them to put forth an effort.

Exam Results and Assessment
After students have completed the exam, a report is generated with data from the results, which

includes the score of each student, as well as, their answer for each question. The overall exam
results for the past three years are given in Table 2:



Table 2: Overall pass rates of the exam for the past three years.

Year Number of Examinees Total Exam Average Pass Rate
2013 40 65% + 9% 95%
2014 38 63% + 8.9% 95%
2015 51 61% +7.6% 92%

The pass rate has been around 95% for most years, and all students that failed (score less than an
average combined score of 50%) passed when repeating the course. Assessing changes in the
overall pass rates have allowed our department to look for specific areas that a specific class may
have a weakness in, whether this is a specific course or even a cultural change. For example, in
2015 there was a 134% increase in the size of the sophomore year engineering class. At a
program where most second year engineering courses are usually around 40 students, an increase
in class size by over 10 students may have led to changes in the way the class was taught or the
ability for the instructor to cover topics as efficiently as in previous years. A chi-square test run
of the pass/fail data found that the difference in the pass rate was not significant (p-value=0.86).
However, the change was noted as something to continue observing, especially because the size
of the engineering classes has continued to grow in recent years. The current sophomore and
freshman academic classes each have around 85 students, nearly doubling the size of recent
classes. If it is found that the number of students is affecting the efficiency of courses it is
necessary to deal with these changes promptly.

These data can also be employed to show how well the group of students performed on each
question, as well as each individual topic or overall subject. Results of how many students
answered an individual question correctly are available along with the subject of the question. It
is therefore possible to see how a class performed on an overall subject, and on each question
within that subject. This allows for the breakdown of specific topics that might not have been
either taught effectively in a course or understood by the student cohort.

For example, it was noticed that students had a slight drop in performance in the statics section
of the exam. The exam had nine questions about statics and the students scored an average of
49% on this section in 2014 and an average of 40% in 2015. Because there was a change in
instructor during this time it was of interest to observe how the students performed on each
question and therefore different topics. A graph of this outcome data is shown in Figure 1.
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Figure 1: Graph showing the difference in percentages of students correctly answering the same
questions between two academic years.

As can be observed in Figure 1, it is apparent that there was a drop in performance in almost all
questions, except for Questions 2 and 4. These data would indicate that there was not one
specific topic that was a problem for students, but the change could be due to a change in
teaching style or, as stated previously, the increased number of students in the course in 2015. It
is also possible that the class was simply not as strong in 2015 and therefore did not perform as
well as previous years.

Data, such as those shown in Figure 1, help the faculty to observe trends in the understanding of
specific subjects and topics during each year. These data allow for reflections on how students
are performing on each class subject, as well as give the instructor of that subject specifics about
what topics might be causing difficulty. It also allows for identification of questions that might
not properly assess knowledge of a specific topic.

Outcomes from the sophomore exam and FE exam can also be used in conjunction with one
another. One question posed while observing results from the sophomore exam was whether
these results projected to the eventual performance of students on the FE exam. In order to
observe this, it was decided to consider the results from the math section, as students are usually
finished taking the full series of math classes by the end of their sophomore year. An average of
all math questions (algebra through differential equations) from the past three sophomore exams
was calculated to be 69 +2% and an average of the math section from the past three FE exam
results was calculated to be 72 £2%. These results suggested that the sophomore exam was a
good comparator for future results of the FE examination for this topic. One limitation that
should be noted is that the data available for this calculation did not match the exact students
taking both exams and is therefore a cross-sectional comparison, not a predictor. This is because
only MME students are required to take the FE exam, while all engineering students are required
to take the sophomore exam.



A second comparison was done with the statics sections of both exams. The average score from
the sophomore exams was 48 +4% while the FE average was 67 £4%. This variation in results
suggests that the exam may not be the best predictor for outcome on this specific subject. While
it is not easy to locate the exact reason for the disparity between outcomes several theories have
been considered. One theory is that the questions on the sophomore exam may not necessarily
match the difficulty on the FE exam. Another theory is perhaps student’s problem solving skills
improve as they practice solving engineering problems during their upperclassman years, making
them more skilled at figuring out the solutions to problems in general. The latter theory could
also be used in conjunction with the idea that since students continually use skills from subjects
such as statics during their upperclassman years, they are gaining knowledge in this subject area
even after they complete the course their sophomore year.

Besides using results from the Sophomore Assessment Exam to assess curriculum within the
department, these results are also used in the annual assessment report for the MME Department
submitted to the university. Both the results for the total exam scores (the average of both exams)
and the score of the math section are utilized. For the total exam, the scores are ranked from 1-4
using the conversion: 1 < 50%, 2 >50%, 3 >60%, 4 > 70%. Scores for the math portion only are
assigned as follows: 1 <55%, 2 >55%, 3 >60%, 4 >75%. These values are averaged and
compared year to year for the assessment report. This assessment allows for examination of any
significant variances in each year. If a drop in an average is noticed the assessment committee
looks for areas of weakness that may have led to the change and makes suggestions to help
improve this weakness.

Exam Changes

While the Sophomore Assessment Exam has been used for almost 20 years, changes to both the
2" year engineering curriculum, as well as the FE exam itself have led to modifications.

The Ritchie School of Engineering at DU is unique in that all undergraduate engineering
students, regardless of major, take a common curriculum for the first five quarters’. This
commonality means that students take the same basic math and science courses, as well as the
same first two quarters of second year engineering courses. These courses match those used in
the sophomore assessment exam. Three years ago some of the common engineering courses
changed during the last quarter of the sophomore year. For example Mechanical Engineering
majors are now no longer required to take a second circuits course, and Computer and Electrical
Engineering majors are no longer required to take thermodynamics. These new course
requirements led to changes in the assessment exam, including taking out subjects that were no
longer shared and adding questions to the remaining courses. This change has also allowed for
the exam to be more focused on a select set of courses that still describe the overall experience
the students have during their first two years.

It should also be noted that the FE exam itself changed format in the past few years.
Traditionally all examinees took the FE exam on one of two dates offered during the year (one in
fall and one in spring). This exam was handwritten and split into two parts: a common morning
section and a major specific afternoon section. The FE has since moved to a computer-based



exam that is given at exam centers anytime during eight months of the year. To mimic the FE,
the sophomore exam was also shifted to a computer based examination system.

Additional Assessment Goals

While exam results have proved useful to the department for assessing courses given prior to the
end of the sophomore year, a new goal developed in recent years is to use the information to help
students as they move into their junior and senior years. Quite often a limitation to assessment
data is that it becomes available after students have already taken a course, or even after they
have already graduated. Therefore often the changes implemented due to the assessment affect
future students, but do not help the students that were assessed. The sophomore exam provides
an opportunity for faculty to perform corrective action in junior year courses to aid in
weaknesses found while analyzing the exam results.

An example of this corrective action happened in the fall of 2015 during the junior year fluid
mechanics course. The instructor, who had access to the assessment results, noticed that the
students in the course had a slight reduction in score for the differential equation questions on the
sophomore exam. The instructor took the opportunity to test the students on differentials during
equation derivations, and noticed that they did indeed appear to lack some knowledge. The
instructor then decided to give a lesson on the math needed to derive the equations, where
normally this math may have been skipped over to save time. On the subsequent homework, the
students performed well when required to use these math skills to derive momentum equations.
While this example is more anecdotal versus quantitative it gives a starting point for which
corrective action items may be performed in the future to help students in upper divisional
courses.

One plan for future years is to track student performance in specific subjects and inform
instructors of junior year courses of the results. For example, if results from the exam showed a
significantly less than average performance in a specific subject, such as statics, the professor of
the junior year course that uses statics as a prerequisite would be notified. This instructor could
then decide whether or not they feel the need to augment the knowledge of the students by
performing a review session at the start of their course, or supply materials to the students to help
supplement specific topics from statics the instructor feels need to be well understood before
moving on in the current course.

An additional plan for future years is to give the students their results, specifically letting them
know how well they did on each subject section. This report could mimic that which students
now receive after the FE exam, giving them their scores as well as a comparison to the averages.
The idea would be that students could use this information and take the initiative to improve
certain areas where their knowledge may be lacking. While not all students may take the
initiative, giving them the option would be a good opportunity to help with the corrective actions
described above on a personal level.



Conclusion

Overall, the exam has been established by the MME Department at DU as a consistent and
helpful tool in examining the overall knowledge of our second year students. It has also been
used to examine specifics about certain courses and subjects and how changes in instructors,
pedagogy, or even class size of such courses have affected the exam outcome. Ongoing goals
include using the exam results to locate areas of weakness for specific academic classes and take
action to improve their understanding of subject material necessary for them to perform well in
upper divisional courses.
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