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Student Performance on Statics Problems in Deformable Solids:
A Look at Pre- and Post-Test Results

Deformable Solids is a course that students generally take the semester immediately following the
prerequisite course on Statics and builds directly on it. The tacit expectation in Deformable Solids
is that students have a solid grasp of statics concepts and should be able to solve a variety of statics
problems. Over fourteen semesters, we have measured student ability to solve statics problems
using a diagnostic test, which is administered in Deformable Solids as a pre-test at the start of the
semester and a post-test near the end of the semester. The same test is used for both pre- and post-
tests.

The diagnostic test consists of eight multiple choice statics questions. The problems are not
concept questions, but more like problems they would be asked to solve in Statics. The students
are given as much time as needed to complete the test and they are encouraged to work through
the problems with all necessary steps to get the correct answer, including drawing a free body
diagram and performing necessary calculations. In a multiple-choice format, the test is graded only
for the final answer and, of course, multiple-choice test-taking strategies can be employed.

The results from the pre-test have been consistent over the years with students on average
answering roughly three of eight questions correctly. The post-test results show an improvement
of roughly one additional question correct, influenced mostly by the types of problems on the test
most similar to the problems encountered in the Deformable Solids course. The degree of success
is similar to the results of other multiple-choice tests like concept inventories, suggesting that the
raw score is not simply an indicator of statics knowledge, but also measures student attitudes about
taking multiple-choice tests (e.g., rushing through the test, sloppy calculations, and guessing).
Over the past few semesters, we have collected information about each student’s approach to the
test to help understand the effect of the latter factor on the outcome of the test. The increase in
performance at the end of Deformable Solids suggests that the development of solid conceptual
understanding of the abstract concepts of statics takes students more than a semester or year to
achieve.

This paper reports the results of the pre- and post-test from 14 semesters, along with the students’
different approaches to the tests. This study gives a detailed account of the testing instrument and
testing conditions, it sheds light on pre- and post-testing as a means of understanding student
knowledge of statics, and it suggests reasonable expectations on performance given student
attitudes toward testing.

Introduction

The desire to understand how students are doing in a course in an easily accessible format has
encouraged the continued use of multiple-choice tests in many courses. Specifically, in
engineering courses that are heavy on problem-solving, the use of multiple-choice tests still happen
as they are a route to offer quick, quantifiable results about something in that course. However,
exactly what that something is and what the results represent has been debated for many years.



Engineering has used multiple-choice tests in a variety of contexts. These include concept
inventory tests, course exams, and diagnostic testing. Multiple-choice tests (MCT), if the answers
are well written to include quality distractors, can be a valuable form of assessment in STEM
courses [1]. There has been a high correlation between MCT and student written responses to
instructor exams if the exams are well written [2]. Even in the context of standardized testing it
has been found that student GRE scores compared to student written responses had a high
correlation between the results [3]. Multiple-choice tests can be valid assessment instruments if
written correctly, which has led to many concept inventories being created in STEM, like the
Mechanics Diagnostic Test, Force Concept Inventory, Statics Concept Inventory, Dynamics
Concept Inventory, and many others [2, 4, 5].

Often MCT are used as pre-/post-tests to try to identify changes in learning. The quantitative results
of these multiple-choice tests provide easy comparison data when looked at from a pre-/post-test
analysis, but the scores do not always adequately reflect a learning change because there are also
many external factors that must be considered [6]. There have been positive changes in student
performance on pre/post-test on the Statics Concept Inventory over the course of a semester but
identifying what the students have gained is still a challenge [4]. Even when the testing happens
more regularly throughout the semester it has been found that students do not change a lot in their
conceptual understanding of physics, but they have small improvements on their answers to the
MCT [7]. Another study found that in the initial testing for a dynamics concept inventory test, the
students answered around 32% of the questions correctly initially and had improvement when
taken again at the end of the semester [5]. Other studies on concept inventories found that fewer
than 50% of students answered a statics concept inventory correctly [8]. These results show that
on average the scores are low for these tests, and while there is improvement over a semester it is
not clear what knowledge the students have gained or if they have simply improved at taking the
test. When students are asked to expand on their responses to concept inventories, valuable
information becomes clear as to why the students are performing the way they are on the test. For
example, in a study using the statics concept inventory found that most students performed poorly
because of their lack of skills needed to draw correct free body diagrams [9].

The course Introduction to Deformable Solids (often called Mechanics of Materials or some
similar name) is the second course in a series of mechanics courses that most students take in
mechanical, aerospace, civil and similar engineering curricula. The content scaffolds directly on
what students learn in the prerequisite course Statics. A student who passes Statics should be
proficient in the material from that course and should be able to solve any Statics problem given
the chance. The conceptual knowledge in Statics has been documented in an established
framework that the subject of deformable solids builds off of [10]. To test the level facility with
solving Statics problems upon completion of the course, we started administering a multiple-
choice diagnostic pre-test on statics concepts, created by the instructor, at the beginning of our
course on deformable solids to assess readiness for the course, to identify areas where students
would benefit from review, and to find topics that might benefit from reinforcement through
additional course materials.

In the first few semesters, we observed that the scores were lower than expected. Realizing that
we had no real basis for our performance expectations, we embarked on a broader study that



included administering the test again at the end of Deformable Solids in an attempt to quantify
learning gains in Statics that accrue from continuing to practice statics throughout the second
course. The results of these tests offer interesting insight into how the students take the test and
how to interpret their performance.

Pre-test/post-test environment

The multiple-choice diagnostic test is given to students on the first or second day of the semester
in deformable solids. The students are informed that they will be given a statics pre-test through a
course announcement several days before the class starts and are encouraged to brush up on their
statics skills. The students are given an entire 75-minute class period to do the test and they are
encouraged to spend the full amount of time and use as much scratch paper as needed to solve the
problems. The answers are submitted through a Google Form, but students are also asked to submit
their written work through the LMS as a means of encouraging them to actually solve the problems
using the methods they learned in Statics.

There are eight questions that cover a broad range of problems students are likely to have seen in
Statics. The questions are not concept questions, but rather set-up and solve type problems similar
to those they did when taking Statics—problems that require drawing a free body diagram, writing
equations of equilibrium, and solving for unknowns. At a minimum, a free body diagram and a
force or moment balance equation should be used to find the correct answer. However, for ease of
grading and due to the diagnostic nature, the test is a multiple-choice test with five answer options
for each question. The students receive participation points in the course for how well they do on
the test and are encouraged to brush up on the material covered if they found it difficult.

In the last week of the class, the students are given the same eight questions as a diagnostic post-
test. The students know the post-test is coming at the end of the semester because it is on the course
schedule, but they are not told whether it will be the same or different than the pre-test. During the
post-test the students have another 75-minute class period to work and are encouraged to work out
each problem as much as possible.

For both the pre-test and post-test, there are students that finish very quickly and there are students
that take the entire class period. In recent years, the student work for the tests have been collected
along with the results from the test to see if their work will provide better indication of what the
students know (and to encourage good statics habits, as mentioned previously).

The test problems

The eight multiple choice questions are shown in Fig. 1 along with the multiple-choice options.
The range of questions is representative of the types of problems generally encountered in a Statics
course. The first three are basic reaction calculations, the fourth is a very simple truss problem, the
fifth is a hydrostatics problem, the sixth is a beam reaction problem, the seventh is a more complex
truss problem, and the eighth is a beam with a distributed load.

All problems have a ‘none of the above’ option to discourage guessing and encourage setting up
and solving the problems. The problem statements are very brief, requiring a modest amount of



interpretation of standard terminology and sketches. Students are permitted to ask questions about
the problem statements to avoid errors due to misinterpretation of the problem. Experience shows
that very few students ask questions of clarification.
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Fig. 1. Eight multiple-choice test questions for a Statics pre-test and post-test, administered at the
beginning and end of the course Introduction to Deformable Solids

The first problem has a very attractive distractor (answer ‘a’) that catches students who ignore the
support not called out in the problem statement. It is common for students to select the distractor
because they can sum forces in their head to see an unbalance of 2F. That choice, of course, ignores



the fact that there are two reaction forces present, not just the one asked for in the question. The
other problems have distractors, but none as attractive as the one in the first problem. A reduced
subset of possible answers to almost all the problems can be deduced from a units argument (e.g.,
options ‘c’ and ‘d’ in problem 3 and option ‘b’ in problem 8 can be excluded because they do not
have units of force, and options ‘b’ and ‘d’ in problem 5 can be excluded because they do not have
units of moment). Option ‘d’ in problem 7 is the only one that has CG as a zero-force-member.
Option ‘a’ in problem 8§ is the only one for which the reactions sum to the total load. Conceptual
understanding of statics is an advantage, but with option ‘e’ available, it is not sufficient to
completely solve the test. Comments from students suggest that there is a wide range of risk
tolerance among test takers, and some are willing to guess when the number of reasonable options
is reduced, even it if is possible that the answer is ‘e.’

The pre-/post-test has been given over 14 semesters with results from SP17 through FA23 (the
pre-test was given for a few semesters prior to that without a post-test). The number of students
varied each semester with the most registered students in the spring terms and about half the
number of registered students in the fall terms. The number of students in the fall each semester
ranged from 31 to 65 students and in the spring semester the number ranged from 45 to 94 students.
There was a total of 814 students that took both the pre-test and the post-test during this timeframe
(we eliminated students who took only one due to absence at the beginning of the semester of
dropping the course before the end of the semester). The semesters affected by COVID-19 still
took the same pre-test and post-test but it was given over Zoom (similar to all other exams) with
the same 75-minute class period to complete it.

Test results on average

The tests were scored for correct answers, and the result was tracked for each test each semester.
Figure 2 and Table 1 give the results for the average number of correct answers for the pre- and
post-test for all 14 semesters. Table 1 gives a breakdown of the average number of correct answers
for each semester.
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Fig. 2. Gains from pre- to post-test by semester



Table 1. Average number correct on eight pre- and post-test questions

Semester # Students Average Number Correct Percent

Pre-test Post-test Increase
SP17 84 2.63 3.94 49.8
FAl7 58 2.52 3.05 21.2
SP18 81 3.12 3.67 17.4
FA18 41 2.22 2.83 27.5
SP19 74 2.84 3.91 37.6
FA19 50 2.70 3.16 17.0
SP20 56 3.41 4.05 18.8
FA20 64 2.45 3.25 32.5
SP21 71 3.08 4.04 31.1
FA21 46 3.13 4.02 28.5
SP22 48 4.21 4.62 9.9
FA22 31 3.58 4.32 20.7
SP23 68 3.87 5.60 44.9
FA23 42 3.29 4.33 31.9
All Semesters 814 3.05 3.92 28.7

On average, students answer about 3 questions correctly on the pre-test and almost 4 questions
correctly on the post-test. There was approximately a full question gain from the pre- to the post-
test (a gain of about 30%). The graph and table show that there was improvement from the pre-
test to the post-test for every semester, with some having larger improvements than others. The
performance average of between 40 and 50 percent is consistent with observation on other MCT
testing instruments [5,8]. The histogram of all students in the sample is shown in Fig. 3.
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Fig. 3. Histogram of the number of the fraction of students vs. the number of questions answered

correctly for the pre- and post-test (N = 814).

Figure 3 shows that the data are very close to being normally distributed, with a fairly broad spread.
It is interesting to note that there are students who take the test and get zero correct. That is true



even for the post-test. It is also worth noting that the incidence of students getting a perfect score
of 8 is very rare—almost zero for the pre-test but still very low for the post-test.

Figure 2 and Table 1 show two interesting trends. First, it appears that many of the fall semesters
start with a lower average number of correct answers and/or have smaller number of gains than
many of the spring semesters. An explanation for this could be due to the spring semesters having
the students that are typically on-track in their curriculum progress. Deformable Solids is typically
scheduled in the spring semester following Statics in the fall semester for students that are
following the 4-year plan for the program. The Statics class in the spring includes both students
who are behind, usually due to needing a remedial math course, and those who are ahead, usually
those who come to college with advance placement credit. Also, the fall semester follows a longer
break (summer) than the spring semester does.

In the written comments, students often say that they have forgotten how to do some kinds of
problems (e.g., truss problems or hydrostatics problems). This observation supports the hypothesis
that student knowledge of statics after the semester they take the course is still fragile. That is
probably especially true for students who passed statics but were at the lower end of the mastery
spectrum. Another interesting trend is that the results have been improving in the most recent
semesters. One reason for this might be general improvements in the learning environment over
time. The post-test results for the SP23 semester seem unusually high and should probably be
considered an outlier. The outcomes from the past are used to inform teaching strategies going
forward.

Test results broken down by question

The problems on the test cover many different Statics topics with each one having a varying level
of difficulty. The percentage of students that got each question correct was tracked for each
semester. The results are shown in Fig. 4.

The results for each problem are generally in the same range for all semesters showing that student
responses are consistent across the years. Problems 3, 5, and 7 are consistently low on correct
responses, while problem 2 and 6 tend to have many more students answer it correctly. Problem 1
and 8 show an alternating pattern that varies between the spring and fall semesters which is a
similar trend to what was seen across the entire test previously in Fig. 2. These results can be
explored further by looking at the exact problems provided in Fig. 1 to understand what students
are answering correctly or not.

The problems that have the most incorrect answers are:

e Problem 3, a block problem with distributed weight, which requires moment equilibrium
to answer,

e Problem 5, a hydrostatics problem, also requiring moment equilibrium, and

e Problem 7, a truss problem where knowledge of zero-force members aids recognizing the
correct answer.



Problems 3 and 5 are challenging problems that require students to find the resultant of a
distributed load and apply moment equilibrium correctly. The only other problem with a
distributed load is problem 8, which had varying results across all semesters. This could imply that
students are not comfortable with distributed loads after statics or that students did not take the
necessary steps to answer these questions on the test. The low results on Problem 7 reveal that
students do not fully understand zero-force members for trusses or are less willing to engage in a
method-of-sections calculation.
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Fig. 4. Gains for pre- and post-tests over each semester by organized by problem.

The problems with the highest number of correct answers include problem 2, the ball problem, and
problem 6, a simply supported beam problem. Problem 2 is similar to problems that the students
may have seen in physics, so it is more familiar, and they understand how to deal with smooth
contact surfaces since it has been a topic of multiple semesters. The simply supported beam
requires moment equilibrium to solve it, but it is a common statics problem that students have a
lot of experience with. The students are more successful on these problems because both problem
2 and problem 6 are repeated topics across multiple courses that students likely feel more
comfortable with than problems that include individual course topics like trusses or hydrostatic
pressure.

The gains for each problem from pre-test to post-test were also variable. For problem 3, 4, and 7
the gains were very small for many of the semesters. This is likely the result that deformable solids
problems did not involve many truss or block problems, so the students did not have any more



experience solving these during the semester. However, the gains for problem 1, 6, and 8 are much
larger from the pre- to post-test. These three problems are beam problems which are like many of
the problems solved in deformable solids. The students have had more practice with these problem
types, and that is reflected in their improvement in answering those questions.

The problem-specific results indicate that students are likely to improve on problems that they
have more practice on over multiple courses. If the topic is seen in multiple courses or one that
they practice in deformable solids, the results reflected that. Also, the more computationally
intensive problems, like problems with distributed loads, tend to have poorer performance. This
does not necessarily indicate a lack of ability to solve these problems but that students likely did
not want to work out the more complex problems on this test. It is likely that a test like this one
measures, at least in part, willingness to take the test. In recent semesters, student work has been
collected to try to identify some of these trends better.

Use of free body diagrams on the pre- and post-test

In recent semesters students, were also asked to comment, among other things, on whether they
drew a free body diagram (FBD) to answer the questions. They were asked to identify whether
they drew an FBD for all questions, some questions, or none of the questions, and the responses
identify that many students did not spend the time to draw an FBD, and therefore did not go
through that important step of the equilibrium process to answer the questions. Those who report
not drawing free body diagrams either guessed, used multiple-choice test logic to answer the
questions, or both. Figure 5 gives the percentage of students that drew an FBD to solve all, some,
or none of the problems.
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Fig. 5. Percentage of students that report drawing an FBD to solve the problems over six semesters
(SP21 through FA23). The black dots represent the response “I drew a solid FBD for a// problems,” the
blue dots represent the response “I drew a solid FBD for some problems,” and the red dots represent the
response “I tried to solve the problems without explicitly drawing FBDs.”

Figure 4 shows that the majority of students drew FBDs for some or all of the problems. However,
a significant fraction attempted to complete the test without drawing free body diagrams. While
there is some variation, between 15 and 25 percent of students fall into this category. This number
gives insight into the fraction of students who do not take the test seriously. On the other side,



between 20 and 30 percent of the students claim to draw free body diagrams for all the problems
for the pre-test and between 30 and 40 percent claim it for the post-test. This observation suggests
that more students are convinced of the need to draw free body diagrams for statics problems after
another semester of using them to solve problems in Deformable Solids. The number of students
who claim to use free body diagrams for some of the problems goes down as the number who
claim it for all problems goes up. However, the number claiming to draw free body diagrams for
some problem is higher than the other two categories for both the pre- and post-test.

One explanation could be that some of the problems might be solved using the process-of-
elimination arguments mentioned earlier and, therefore, can be answered with some level of
confidence without a free body diagram. It is not clear that the responses ‘all problems’ and ‘some
problems’ were mutually exclusive (they could select both), but the results show that the three
categories sum to nearly one hundred percent for most of the semesters. There are interesting
exceptions, though. In the FA21, FA22, and FA23 semesters, the percentages sum to 92%, 73%,
and 115% respectively for the pretest. In the SP21 and SP23 semesters, the percentages sum to
92% and 117%, respectively, for the post-test. The cases where the sum exceeds one hundred
percent are likely caused by student selecting both ‘all’ and ‘some.” The semesters where the sum
is less than one hundred percent indicate that students did not respond to the questions about free
body diagrams. An improvement to the data collection instrument (Google Forms) would be to
require an answer to the question and to make the answers mutually exclusive.

The percentage of students that drew an FBD for every problem generally increased each semester
on the post-test, demonstrating that more students found that to be a valuable part of the process
to answer the questions. The instructions on the test say:

“This test is a diagnostic exam to determine your ability to solve statics problems.
Please solve all problems (i.e., actually draw free body diagrams and work out the
equilibrium equations).”

We also provide verbal encouragement to draw free body diagrams before the test begins. The
amount and nature of the encouragement might have varied slightly across the semesters presented.
Another factor causing a difference between the pre- and post-tests is that the students are more
aware of the incentive (i.e., earning engagement points) when they take the post-test than they are
when they take the pre-test. There were two semesters where the percentage of students that did
not draw an FBD increased on the post-test while the other semesters had a decrease. This could
indicate that those two semesters the students felt more comfortable conceptually answering these
questions on the post-test after a semester of practice on similar problems in deformable solids.
Overall, these results show that students took the test as a conceptual MCT instead of working
through every problem.

Conclusions

The same Statics pre-test and post-test has been given to students in Deformable Solids for many
semesters, providing an opportunity to examine how mastery of statics concepts develops over
time. The questions are based on topics from the direct prerequisite Statics course. The students
answer around 3 questions correctly on the pre-test, improving to almost 4 questions correct on



the post-test. The improvement on the post-test is primarily due to improving on the types of
problems that they see regularly throughout their semester in deformable solids. These results
support the notion that mastery of concepts like those represented by Statics develop over time and
that expectation of mastery after one course may not be reasonable.

The results of this study suggest that the quantitative results do not provide a completely accurate
assessment the students’ knowledge or facility with statics but are also likely to reflect the students’
willingness to commit effort to the test. Even though students were given adequate time to work
these problems out fully and answer the questions, the multiple-choice test format makes it difficult
to draw this behavior from the students. Students often use MCT strategies to answer the questions
instead. As a result, these tests are not reliable summative measures of statics knowledge, and
hence should not be used for placement or requirements for remedial actions.

The main limitation of the testing strategy used is the MCT format. A clearer understanding of
student performance on statics concepts could be obtained by changing the format to written
response, at the expense of greater difficulty in processing the results. One of our main motivations
for doing a pre-test was to get students thinking about what types of problems they should feel
comfortable solving after taking Statics and which areas might benefit from some review. The pre-
test accomplishes that goal well and we have taken strides to give direct feedback on the results
promptly to support that goal. The post-test serves as a reminder to students of the importance of
prerequisite strings in engineering curricula and, in most cases, to show them that they are making
progress toward mastery of important engineering concepts.

At the start, we had expected the results of the pre-test to shed light on what changes might be
needed in the Statics course itself. The gut reaction to the initial low scores on the pre-test was to
lay blame on the prerequisite courses. However, the consistent results from the post-test suggest
that our initial performance expectations were off, and what we see in student performance across
the mechanics courses, as reflected in the post-test, is that statics skill is fragile after one course
and that it is normal for confidence and mastery to develop fully over several courses. Thus, we
found that the pre-test results, as presently administered, did not suggest any direct modifications
to the prerequisite Statics course. These results do, on the other hand, provide a cautionary tale
about trying to shorten the learning process for mechanics (e.g., by combining courses are giving
shorter, reduced credit, offerings).
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