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Abstract

As part of large-scale assessment project at Texas Tech University, we studied the effect of
problem format on students’ responses to quiz questions. The same problem was written
in multiple formats and administered as a quiz in the large introductory physics sections in
both the algebra-based and calculus-based classes. The formats included multiple-choice
(MC) only, MC and free response (FR) and FR only. Variations in the FR wording were also
explored. We examined the ability of students to both choose the correct answer and
correctly explain their reasoning and show their calculations. We also analyzed the type of
written responses the students used to support their answers. We found that a large
percentage of the students who chose the correct answer could not support their answer
with correct reasoning or calculations.
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I. INTRODUCTION

Multiple-choice (MC) assessment is a common method of assessment at large universities.
It is often used as the dominant or exclusive form of assessment on exams and many times
it is the case that students never have to show their calculations or explain the reasoning
for their answers in any part of the course. The homework is often online and also does not
require a demonstration of the process of determining an answer by a consistent, coherent
argument or calculation. There are simultaneously instructors, even at large universities,
who still require students to work at least some free-response (FR) (also known as
constructed response (CR)) questions on exams and homework that require hand-grading
by instructors and/or teaching assistants. While there has been research done on the
benefits, drawbacks and comparisons of MC, FR and various hybrids and variations of the
two assessment formats,!-14 the research is by no means definitive. It is clear that tests can
be designed so that there is a high correlation between MC and FR when tests are scored
simply for the number of correct responses. (This means that if your goal is simply to
distinguish A, B and C students, a well-designed MC exam can be as effective as FR at
achieving your goal.) However, research on the equivalence of traits assessed, skills
measured, level of complexity, ability to inform instructors on students strengths and
weaknesses and ability of the assessment to inform instructional methods and curriculum
development all need further and ongoing research. Students attitudes toward different
assessment formats must also be researched, as that will affect students’ motivations and
study methods.

While some instructors are satisfied with the knowledge that the results of MC and FR
testing can be highly correlated when exams are scored simply for the number of correct
answers, others still favor FR testing, as it is claimed to be better at assessing thinking
processes, higher level thinking skills, and informing instruction. There are many papers
that demonstrate advantages of FR over MC.8-14 These papers claim that FR is more
reliable and valid, more discriminating and better at predicting future performance at
school or work, among other things.

The fact that it often seems as if there are two camps of instructors, those who would argue
for MC and those who are staunch supporters of FR, leads one to question the
conclusiveness of the research. While it does depend on how you use and interpret the
research and the goals of your assessment, there is still need for further research on
assessment. Some of that need is arising due to the development of more student-centered
curricula and non-traditional teaching methods designed based on research. Instructors
teaching non-traditionally are often questioning the most appropriate form of assessment
for the skills (and content) they are attempting to teach and are much more interested in
how the assessment can inform instructors and instruction based on evidence of the
students’ thinking processes and cognitive abilities. Further research, particularly on the
claims of the benefits of FR testing, is very much needed.

Indeed, based on the current research, there is a prevailing sentiment among many in both
the MC and FR camps that FR is at least partially favored, but that since it is not cost and
time effective, it is necessary to use MC and design it to give indistinguishable results from



FR when scoring the number of correct responses. We believe that submission to this
sentiment is hindering much needed research on FR testing that is particularly needed by
those wishing to assess students taught in non-traditional formats.

As research on assessment has to take place in the context of a subject and an educational
setting, we direct our research to the assessment of physics skills and concepts in
introductory physics classes at the university level.

Examining the existing physics education research (PER), we find at least one study that
indicates that it is possible to construct valid and reliable multiple-choice questions that
correlate with FR testing when the number of correct responses is scored,” consistent with
previous research results. However, there have also been studies that demonstrate
evidence of significant differences in students’ responses between multiple-choice and free
response versions of the same problem,!> that multiple choice questions can be false
indicators of students’ understanding® and that a significant number of students have
alternative conceptions inconsistent with the distractors,” even on valid and reliable
conceptual inventories.

This paper expands on this research. We report on a study of the effect of problem format
on students’ understanding in the context of a large-scale assessment project at a large
university, looking not at exams as a whole (not at simply the final scoring), but at student
responses to individual problems.

At Texas Tech University (TTU), we had been working, with the support of a National
Institutes of Health (NIH) Challenge grant,!8 to assess the implementation of PER-informed
methods and curricula in the laboratories and recitation sections of the introductory
physics courses. We are at an institution where the majority of instruction is traditional
lecture-based instruction and in large classes the majority of testing is in multiple-choice
format and most of the homework is online. The project included the use of a number of
different assessment instruments, including conceptual inventories, such as the Force
Concept Inventory (FCI),1? Scientific Attitude and Scientific Reasoning Inventories20, TA
Evaluation Inventories?! and a set of locally written FR pre- and post-tests. It was with the
introduction of the FR pre- and post-tests that we, for the first time, required students in
the large classes to show their work and explain their reasoning on graded assessments.

As we analyzed the FR post-tests (graded quizzes), we observed that it was not unusual for
a large percentage of students to be able to choose the correct answer, but not be able to
correctly explain their reasoning or show their calculations. While it was problem
dependent, as many 30% (or more) of the students would be able to choose the correct
answer but not be able to provide a correct explanation. We observed this on a number of
quizzes. We decided to use one of the quizzes each semester to study the effect of problem
format on students’ responses. We report on the results of two different quizzes
administered in different problem formats in both the algebra-based and calculus-based
introductory physics recitation sections. Both problems required either implicit or explicit
ranking of the results of different scenarios. The formats included MC only, MC/FR, and FR
only, with various wording changes and requirements written into the stem of the problem.



We report on the results of each of the problems, focusing on the comparison of MC,
MC/FR, and FR formats as far as correct answers, but also on the type of incorrect answers
provided by students in FR and MC/FR formats. In Section II, we describe the student
populations, in section III, we discuss the question formats and the problem
administration, in Section IV, we present the results and in Section V, we discuss and
conclude.

II. STUDENT POPULATIONS

The post-tests were administered as quizzes to two groups of students, the calculus-based
and algebra-based introductory physics students, in Fall 2010, Spring 2011 and Fall 2011.

A. Calculus-based Courses

The calculus-based class consists primarily of engineering and computer science majors.
The number of students registered for the course is usually around 500, with 513 in Fall
2010, 527 in Spring 2011 and 471 in Fall 2011, split each semester among three lecture
instructors. The instruction is primarily traditional lecture, with one one-hour recitation
section and one two-hour lab. In these three semesters, the recitation and lab were taught
in three consecutive hours, with one-hour recitation and two hours lab. The labs and
recitations are common among the three instructors each semester. Students from each of
the lecture instructors are mixed in the labs and recitations.

Most of the instructors taught in traditional lecture format. One instructor, who taught both
in Fall 2010 and Spring 2011 was self-identified as using some interactive -engagement
techniques in the lecture. There were no significantly different results among the three
instructors each semester.

The recitations and labs were taught by teaching assistants (TAs). The TAs are trained in
the lab and recitation preparations to use interactive-engagement techniques and student-
centered instructional methods. However, the use of these techniques, as well as the extent
of the use of more traditional teaching techniques, varies widely among TAs, based on
formal?! and informal observations.

B. Algebra-based Courses

The algebra-based class consists mostly of pre-health science majors, including pre-
medical, pre-dental, pre-physical therapy, etc. The number of students registered each
semester is usually around 250-300, with 257 in Fall 2010, 276 in Spring 2011 and 227 in
Fall 2011, split each semester among two lecture instructors. The instruction is primarily
traditional lecture, with one one-hour recitation section and one two-hour lab. As in the
calculus-based classes, in these three semesters, the recitation and lab were taught in three
consecutive hours, with one-hour recitation and two hours lab. The labs and recitations are
common among the three instructors. Students from each of the lecture instructors are
mixed in the labs and recitations.



Most of the instructors taught in traditional lecture format. One instructor, who taught in
Fall 2010 used interactive-engagement techniques. There were no significantly different
results among the two instructors each semester.

As in the calculus-based classes, the recitations and labs were taught by TAs trained to use
interactive-engagement techniques and student-centered instructional methods. Also, as in
the calculus-based classes, the extent of the use of more traditional teaching techniques
varies widely among TAs, based on formal?! and informal observations.

III. THE PROBLEM ADMINISTRATION AND PROBLEM FORMATS
A. Problem administration and analysis

We report on two problems that required either implicit or explicit ranking, as written into
the stem of the problem. The problems were written in MC, MC/FR and FR formats and in
six (Problem A) and three (Problem B) different versions. The versions differed in implicit
or explicit ranking, different wording in the stem of the problem and different
requirements for the work or calculations to be shown. The problems are given in
Appendices I and II, along with the research rubrics used to evaluate the students’ answers.
The first problem, in Appendix I, administered in Fall 2010 and Spring 2011, is a problem
taken from the University of Illinois Physics Education Research (PER) website?2. We will
refer to it in the rest of this paper as Problem A. The second problem, in Appendix II,
administered in Fall 2011, is a problem similar to those in Ranking Task Exercises in
Physics: Student Edition?3. It will be referred to as Problem B in the rest of this paper. The
content of the problems involves the concept of conservation of energy and the
understanding and use of kinematics equations. The problems were administered as
quizzes in the recitation sections after the content and skills had been covered in lecture,
lab and recitation.

The problems were administered in the recitation sessions by the TAs at the beginning of
the sessions. Each semester, three different versions of the quiz, on different colored sheets
of paper, were randomly handed out to the students in each of the recitation sections. The
students had fifteen minutes to complete the quiz. Students who were not present at the
recitation or came late to the recitation session were not allowed to take the quiz. The TAs
collected the quizzes, turned them in to the researchers for scanning, and then graded the
quizzes, after they had been scanned. The quizzes were graded by the TAs by a rubric
determined by the lab/recitation coordinator each semester, which was not necessarily the
rubric used for research analysis given in the Appendices of this paper.

The researchers analyzed the quizzes by the rubrics given in the Appendices.

The answers were classified into four categories: i) completely correct (CC), ii) correct
choice, partially correct explanation (CP), iii) correct choice, incorrect explanation (CI) and
iv) Incorrect (I). The researchers also analyzed the CP, CI and I answers for components of



critical thinking, such as the type and consistency of the arguments used and common
incorrect conceptions.

B. Problem Format Survey

Since we are aware of the strong views of many faculty regarding assessment format,
including a prevalent view that FR, even if it is preferred, may not be the assessment of
choice because it is not cost and time effective, we wondered about the students’ opinions
on testing format. Certainly a student’s opinion on testing format would frame their
understanding of course and instructor expectations and their study methods. While there
exists “common” or “folk” knowledge about students’ assessment preferences, there is
surprisingly little research on the subject.24-27 [t is generally believed that students prefer
MC, and there is some research supporting this.242> We decided to ask the students at our
university about their assessment preferences and thoughts on different assessment
formats, particularly as far as how well they felt it represents their knowledge of the
subject.

We administered a survey on problem format to 91 students in the calculus-based class in
Spring 2012. The survey is given in Appendix III. We asked the students to identify the quiz
or exam question format they preferred to be graded on, the format they thought would be
easiest and the format they thought would give their instructor the most information on
their understanding of the physics content. They were also asked to support their
reasoning with explanations. We report the results in Section IV.C.ii.

IV. RESULTS
A. Results of written responses Problem A

As stated previously, we decided to focus on two individual problems administered in
different formats as representative of the effects we were seeing when FR format quizzes
were introduced into courses assessed predominantly by MC assessment instruments. We
address both the numerical analysis (the percentage of students answering in each of four
different categories, CC, CP, CI and I) and common CP, CI and I solution types.

1. Numerical analysis

The results for the calculus-based sections for Problem A are shown in Table 1 and Figure
1. The data is shown for each of the six formats in which it was administered, three in Fall
2010 and three in Spring 2011.

In Figure 1. the first graph in the upper left corner shows how students responded to the
problem when it was administered in MC format. Sixty-nine and fifty-five percent of the
students were able to choose the correct answer in part (a) and part (b), respectively. In
this format, the students are not required to explain their answer or show their
calculations. In any of the problems in FR or MC/FR format, the students are required to
show their work and explain their reasoning. In these problems, the percentage of students



answering completely correctly (CC) drops dramatically. The most striking feature,
however, in the FR formats is the number of students who can choose the correct answer,
but not correctly explain their reasoning or show their calculations (CI). This ranges from
about 25 - 60% in part (a) and is around 60 - 70% in part (b).

Table 2 and Figure 2 show the same results for the algebra-based course. The results are
very similar, with a significant drop in completely correct answers and a high percentage of
students who can choose the correct answer and not correctly explain it (CI) when the
problem is presented in FR format. The percentage of CI answers ranges from about 15 -
60% in part (a) and about 40 - 70% in part (b).

As an individual problem, the FR and MC results are not consistent and we see a high
percentage of students are not able to correctly explain their reasoning, as evidenced by
the small number of CC answers and high number of CI answers in the FR formats. The FR
formats, however, do give us a chance to explore the types of CP, CI and I answers, in order
to obtain information on students thought processes, critical thinking and problem solving
skills. We discuss the types of incorrect answers in part [V.A.2.

A short explanation is needed in order to interpret the results of part (b) of the FR explicit
ranking version given in Fall 2010. It is not possible to rank cases 2 and 3 in the problem,
without making assumptions. So, without an explicit assumption and correct follow
through, the answers were not counted as correct.

2. Solution types

We also studied the type of incorrect solutions given by the students. Graphs of the types of
solutions for the CP, CI and I categories for the calculus-based course are given in Figures 3-
5. In Figures 3 and 4, we plot the most common types of incorrect answers for the calculus-
based course for problem A by problem format. In Figure 5, we plot the most common
incorrect solutions for all problem formats together. As the same categories were observed
in the algebra-based course, with similar distribution, we limit the examples to the
calculus-based course.

(a) CP and CI answers in part (a)

In part (a) of the problem, the majority of CP and CI answers fell into four main categories,
labeled in the graphs (1) “height”, (2) “same force”, (3) “lacking detail”, (4) “statement” and
(5) “other.” They are listed by number below:

1) Students addressed only the fact that the height difference was the same. They did
not discuss conservation of energy. They simply stated that the final speed was the
same in each case because the balls all started from the same height. There is no
explicit evidence that the students understand the conservation of energy or
understand the need to apply a consistent, logical argument, based on physics
principles in an answer to a quiz question.



2)

3)

4)

Examples of this type of answer are:
(a) The speed is the same for all three cases since they start at the same height.
(b) Same. Same starting height and same finishing line.

Students argued that the gravitational force was the same in each case or that they
each had the same acceleration. They made statements about the gravitational force
without any connections or reference to physics principles. They did not address the
distance traveled, either vertically or in the direction of motion.

Examples of this type of answer:

(a) They all have the same speed, because they all have the same amount of
gravity acting on them.

(b) Their speeds will all equal because gravity has the same acceleration on all of
them.

(c) They have the same speed, since the only effect is mg since there is no
friction.

Students discussed the conservation of energy in words or equations, but did not
explicitly address the initial and final conditions or were lacking other important
parts of a logical argument. The majority of CP answers fall into this category. In this
case, it is possible that the students do understand the physics concepts required to
answer the problem, but that the instructors do not usually require them to write
out their reasoning, demonstrating clearly all of the steps and logic. This may also be
related to the fact that the most of the course assessment (exams and online
homework) was in MC format and students were rarely, if ever, required to write
out their calculations and reasoning for grading.

Examples of this type of answer are:
(a) They would all be the same speed because mgh = 1/2 mv”2.

(b) Same speed. Mgh PE to KE. The PE to KE means that all of the speeds are the
same.

Students in this category answer with a statement and do not show any explanation
or calculations.

An example of this type of answer is:

They all reach the bottom at the same speed.



Almost all of the answers fall into one of the above categories. Other types of answers do
not occur frequently enough to form a category of a common answer.

(b) Incorrect (I) answers in part (a)

The majority of Incorrect answers fell into five distinct categories, labeled in the graphs (1)
“largest net force”, (2) “longer distance”, (3) “longer time”, (4) “incorrect argument,” (5)

“centripetal” and (6) “other.” They are listed by number below:

1) The students argued that the final velocity of the ball in case 1 is greatest, because it
has the largest net force acting on it.

Examples of this type of answer are:

(a) Dropping the ball will make it reach the bottom with the highest speed because
no other force is acting on it except gravity.

(b) 1. because gravity is acting on the ball and it is falling at the max. possible speed
assuming no air resistance. In the other problems, the ramp and the ball swinging

have more forces acting on them.

2) The students argued that the ball in case three would arrive at the bottom with the
highest speed because it travels a longer distance.

Examples of this type of answer are:
(a) It has the farthest to move therefore its speed can increase more.

(b) Ball 3 will reach the bottom with the highest speed, because it travels the
farthest and builds up the most speed.

3) The students argued that the ball in case three would arrive at the bottom with the
highest speed because it travels for a longer time.

(a) swinging takes a little longer than dropping, so it acquires more speed at the
bottom. Then dropping because of gravity, then sliding would have the slowest

velocity due to the incline of the ramp.

(b) as the object falls longer, it accelerates more due to gravity, thus the longer the
traveling of the object, the faster its speed.

4) Students answered with incorrect physics or illogical arguments.

Examples of this type of answer are:



(a) 3 because ball 3 has gand a.

(b) 3 swinging down, because in case 1 it comes to a stop, case 2 slows down
after the ramp, but in case 3 the ball swings through.

5) Students in this category invoked centripetal motion or centripetal force to explain
the higher speed of the ball in Case 3.

Examples of this type of answer are:

(a) The ball swinging down has more than just gravity acting upon it. It has
centripetal acceleration plus its mass times gravity.

(b) Yes, its centripetal motion will allow it to pick up speed faster than both 1 and 2.

(c) swinging down would have the highest speed, because it is acted on by gravity as
well as centripetal force.

(c) CP and CI answers in part (b)

The majority of CP and CI answers to part (b) fell into three categories, labeled in the
graphs as: (1) “shortest path”, (2) “greatest net force”, (3) “statement” and (4) “other.” By
far the most common was to state that the ball in case 1 arrived first, because it had the
shortest path. These students did not address the acceleration as part of their answer. The
second most common category was the students who answered that the ball in case 1
would arrive first because it had the greatest net acceleration on it. These students did not
explicitly address the distance traveled. The categories are listed by number as:

1) Students answered that the ball in case (1) would arrive first because it took the
shortest path or that it had the most direct route.

Examples of this type of answer are:

(a) 1 because it is falling straight down.

(b) #1 Most direct route.

2) Students answered that the ball in case (1) would arrive first because it had the
greatest net force acting on it.

An example of this type of answer is:

Case 1 because there is nothing acting on the ball except gravity so it drops to the
bottom first.
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3) Students answered with a statement only.

An example of this type of response is:

Case 1. It goes directly to the bottom.
(d) Incorrect (I) answers in part (b)
The majority of Incorrect (I) answers in part (b) fell into six categories, labeled in the
graphs as (1) “same force”, (2) “same height”, (3) “statement”, (4) “energy,” (5) “same

speed,” and (6) “incorrect argument.” They are listed by number below:

1) Students answered that all of the balls would reach the bottom at the same time
because they had the same force of gravity acting on them.

Example of answers in this category are:

(a) since there is no friction acting on the ball in part 2 and all the balls are experiencing
only the force of gravity.

(b) They will all reach the bottom at the same time because gravity is constant.

2) Students argued that the balls should reach the bottom at the same time because
they fell through the same height.

Examples of answers in this category are:

(a) The balls should all reach the bottom at the same time, since they all start from the
same height and no friction is involved.

(b) All 3 cases, objects fall at same height and time.
3) Students answered with just a statement.

An example of an answer in this category is:

They all reach the bottom at the same time.

4) Students argue that all of the balls will reach the bottom at the same time based on
an energy argument.

Examples of the type of answers in this category are:

(a) They will all reach the bottom at the same time, because they all start off with the
same potential energy.
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(b) They all have potential energy and will be kinetic and it will be the same, so the time
will be the same. They will all reach the bottom at the same time, for case 2 and 3 can be
assumed to be like a free fall, since mass gravity and height are all the same.

5) Students argue that because the balls arrive with the same speed, they will arrive at
the same time. (Some students argue that the balls are traveling with the same
speed.)

An example of the type of answer in this category is:

(a) because they are travelling at the same speed at the bottom, they all hit the bottom
at the same time as well.

6) Students make incorrect arguments, incorrectly apply physics concepts or do not
make logical arguments:

An example of the type of answer in this category is:

Again same speed for all. We were shown in class that two objects (one shot
horizontally and one dropped straight down) would hit the ground at the same time.

B. Results for written responses for Problem B

After we had administered six versions of Problem A, we decided to change the problem
used in the recitation quiz at that point in the course. We chose a different problem that
also focused on the concept of conservation of energy and the understanding and use of
kinematics equations and Newton’s Second Law, depending on how one worked the
problem. It was a problem similar to those in Ranking Task Exercises in Physics: Student
Edition.?3 It was administered in three formats, MC/FR, FR and FR Calculate. The first two
formats, MC/FR and FR, required an explicit ranking of four cases in the answer. This was
different from Problem A. Answers to Problem A only required a choice or defense of a
single scenario as the answer, except in the case when explicit ranking was written into the
stem. Ranking was implicit in most versions of Problem A. The third version of Problem B,
FR Calculate, did not ask for a ranking, but for a calculation of a quantity for each of the four
scenarios.

The results were significantly different in this case. In Problem B part (a), we did not see
the preponderance of CI answers that we saw in Problem A and in Problem B part (b), we
have identified almost all of the CI answers as the incorrect use of a kinematics equation
that gave the correct ranking, which is something that could be changed in future versions.

In short, the number of CI responses decreased dramatically when we administered a
“Ranking Task” problem of the type found in Ranking Task Exercises in Physics: Student
Edition,?3 a problem which required explicit ranking in the solution. The version asking for
a straight calculation of a quantity for each case also did not have a significant percentage
of Cl answers.
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As there were very few CP answers, we analyzed the solution types of the CI and I answers
only in this case.

1. Numerical analysis

The results for both the calculus-based and algebra-based sections for Problem B,
administered in Fall 2011, are shown in Tables 1 and 2 and Figure 6. The percentages of CI
in part (a) are very low compared to those found in Problem A, with the most found in the
MC/FR version, where it is possible to guess the correct answer. The higher percentage of
Cl in part (b), as mentioned above, can be explained and will be discussed below.

2. Solution types

The algebra-based and calculus-based answers were again similar, and so we have chosen
this time to use the algebra-based results as an example. We graph and report on all of the
common incorrect answer types (CI and I) for the algebra-based course for Problem B,
parts (a) and (b) in Figure 7 and below.

Incorrect solutions for part (a)

There are four main categories of incorrect answers (I and CI) in part (a). The
categories are labeled in the graphs as (1) “incorrect conservation of energy,” (2)
“based on height,” (3) “based on steepness/slope/angle,” (4) “no indication of
process,” (5) “other,” and (6) “correct.” The incorrect types of answer are listed by
number below:

1) Students had errors in their use of conservation of energy. One common error was
to assign the initial potential energy the value PE = mghsinB. There were also

calculational errors in this category.

2) Students made arguments based on height, without referring to conservation of
energy.

An example of this is:

Both situation B and D have a greater velocity than A and C because their heights are
greater.

3) Students made arguments based on steepness, slope or angle.
For example, one student showed work and correctly calculated the angle of the

slope in each case. The student then ranked the final velocities B, C = D, A, based on
the calculation of angles. The student then wrote: “The bigger angle provides a
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4)

steeper slope, causing the velocity of the mass on the steepest slope to have the
greatest velocity.”

Students did not indicate any process at all and simply wrote down an answer.

(a) Incorrect solutions for part (b)

1)

2)

3)

4)

There are six common incorrect answers (I and CI) for part (b). The categories are
labeled in the graphs as (1) “t =d/v,” (2) “single kinematics eqn.,” (3) “distance and
slope or height,” (4) “velocity and distance or height,” (5) “angle,” (6) “no indication
of process,” (7) “other,” and (8) “correct.” The incorrect types of answer are listed by
number below:

The most common type of incorrect answer accounts for the students in the CI
category. They simply wrote down the equation t = d/v, set d equal to the distance
down the slope and v equal to the final velocity. This gives the correct ranking, but
is not a correct solution to the problem. If the students had used the average
velocity, instead of the final velocity, their process would have been correct. The
students did not consider acceleration in the choice and application of the equation.
In many instances, it appeared as if they simply chose the kinematics equation they
did, because they had a length given in the problem and they had a velocity they had
just calculated in part (a). In other words, they were not thinking about the physics
of the problem, but how to get an answer.

Students tried to use a single kinematics equation, such as v = vo + at. As they did
not have a value for the acceleration, they arbitrarily chose one, such as 9.8m/s™2.
To correctly work the problem one needs either to use a kinematics equation that
does not include the acceleration as a variable or to use two kinematics equations
(or a force equation and a kinematics equation) to solve for the time, as the
acceleration is also unknown.

Students based their ranking on the distance traveled and slope or height, giving an
incorrect ranking. They would argue that B has the “highest combination of height
and less length” and A has the lowest height and longest length”. They did not
distinguish between C and D or simply wrote down a ranking for C and D without
making an argument.

Students made an argument based on velocity and distance or height.

An example of this kind of argument is:

A>C=D >B. Atravels slowest over the longest distance C = D because D moves twice
as fast over twice the distance and both reach the bottom at the same time.

5)

Students made an argument based on the angle. This did not distinguish C and D, so
most of these students ranked A > C = D > B or the reverse.
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6) Students gave no indication of process.
C. General Comments on Incorrect Answers

We have given examples of common CP, CI and I responses to Problems A and Cl and I
responses to Problem B. We would like to note that we were also struck by the sparseness
of the wording of many of the answers and lack of coherent and logical reasoning based on
physics principles. Many students who answered the problem incorrectly focused on the
surface features of the problem and not the basic physics principles involved. This is
consistent with PER results in research on the problem solving methods of traditionally
taught students. For example, in Problem B, students who argued any of the answers based
on height, slope or angle, without the use of conservation of energy or a correct kinematics
equation, were not basing their arguments on physics principles, but on other cognitive
resources,?8 such as phenomenological primitives (p-prims),2° also consistent with PER
research. The types of answers revealed knowledge of students thought processes and
incorrect conceptions that are not available to instructors simply looking at the numerical
scores of MC exam results.

D. Problem Format Survey

The results of the Problem Format Survey (Appendix III) are presented in Figure 8. The
students were asked to identify 1) the type of physics exam or quiz question they prefer to
be graded on, 2) the type of physics exam or quiz question they think is easiest and 3) the
type of physics exam or quiz question they think gives their instructor the most
information on their understanding of the question being asked. They were to choose one
of five choices and explain their reasoning. The choices were: a) MC, b) true/false (T/F), c)
short answer, d) show your work (including calculations) or explain your reasoning and e)
Other (describe).

While MC has the highest percentage as the type of problem that students prefer to be
graded on, it is actually not the majority of students when one considers that the students
who chose the Other category primarily wanted a mixture of formats, including some
which required show your work and explain your reasoning. If one considers Short
Answer, Show Work/Explain and Other together, that is a higher percentage (61%) than
Multiple-choice.

Students who chose either MC format or FR formats have common supporting arguments
for their choice. Students choosing MC do so 1) because you can guess and 2) because it
gives you an idea of where to start, if you are clueless. The main argument for preferring FR
responses that require showing your work, calculation, explaining your reasoning or short
answer are that you get partial credit.

MC and T/F together (74%) are considered by students to constitute the easiest type of
questions, which has a lot to do with guessing options.
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Show your work/Explain your reasoning combined with Short Answer and Other, all of
which require written explanations, constitute (95%) the type of questions that students
perceive give instructors the most information on their understanding. It is clear that the
students perceive these question formats as harder, but that they feel they much better
reflect their understanding of the content and skills being assessed, compared to MC and
“other”.

V. DISCUSSION AND CONCLUSIONS

We have presented data from a large university where, in the large introductory classes,
MC is the dominant form of exam assessment and most of the lecture instruction is in
traditional lecture format. The majority of the homework is online and the students are
usually not required to demonstrate an understanding of their thinking or solution process
either in words or equations.

In Problem A, we observed a high percentage of CI answers and the inability of students to
provide a consistent, coherent answer in either words or equations. Students with
incorrect answers did not use physics principles to construct an answer, but arguments
based on surface features of the problem. This information was not available to instructors
based on the MC exams or the online homework. It was only available when FR questions
were introduced in the recitation sections. If one goal of the courses was to be able to solve
problems and answer questions using physics principles and consistent, coherent logic, a
high percentage of the students failed, even though approximately 70% of the students
passed the course with an A, B or C based on MC exam scores. The FR testing yielded
results on students’ thinking processes that were not available from the MC testing; it
yielded results crucial as an information source to inform instructors about their students
thinking skills and for use in informing future instructional methods and materials. While
one can argue that this is just a single problem and it is possible to create an exam of mostly
or only multiple choice questions that distinguishes A, B and C students,”28 a study of this
kind suggests that the students may not be reaching answers by consistent, coherent
logical arguments, may not be using physics principles to get to an answer and may be
relying only on surface features of the problem or even “test-taking strategies” to get the
right answer. Problem A has demonstrated how prevalent this was at one large university.
We have seen similar results on many FR quizzes in our introductory courses over the
course of our large scale assessment.

In problem A, we also see that if the question had been asked as a MC question, a high
percentage (over 50% on each part of the problem) of the students would have chosen the
correct answer. However, if asked to explain their answer, either with or without the
benefit of choices, the majority of students would not be able to do it correctly. Unless one
is administering an exam that contains only problems that have been sufficiently well
tested to eliminate this high percentage of false positives, this effect may occur fairly often
on exam problems. While a PER group or someone interested in PER may develop MC
exams that decrease the number of false positives, the average instructor at a large
university may not always have or take the time to do this.
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One can argue that the ability to demonstrate the process of obtaining a correct answer
through physics principles, is a skill as important as being able to choose an answer that
illustrates a correct conceptual understanding. We have demonstrated that when thinking
process and critical thinking skills are not explicitly assessed (which was the case in large
lecture classes in this study assessed primarily by MC exam questions), there is no evidence
that students have achieved this skill. Indeed, when we did assess process skills through FR
assessment, we found that many students did not have these skills.

In Problem B, we see evidence that a problem requiring explicit ranking, and possibly the
use of more MC options, might decrease the number of false positives in MC questions. The
false positives in the (b) part of that problem could easily have been eliminated, if the
incorrect use of a kinematics equation that gave the correct ranking had been identified
before the question was administered. We could argue that the explicit ranking added a
higher order of complexity, and that complexity, coupled with the increased number of MC
options, decreased the number of false positives compared to Problem A (which simply
required the choice of one of four scenarios as a correct answer). This is evidence of one
way that MC questions could be constructed to decrease the number of false positives.

However, the main point is that in large lecture classes at a large university, where
approximately 70% of the students finish the course with an A, B or C, up to 90% of the
students could not choose a correct answer and correctly explain their reasoning or show
their work on quiz problems such as the two sample problems in this paper. Yet, they did
sufficiently well on MC format exams in lecture and online homework to pass the course. If
the goal of the course is simply to distinguish A, B and C students based on their numerical
scores on MC format exams, without understanding that a high percentage of the students
were not able to get to the correct answer by a logical, consistent application of physics
principles, but by some ad hoc methods, then the MC format is sufficient. However, if the
goals of the course include developing process and critical thinking skills in students,
assessed by the demonstration of those skills on assessment instruments, then the MC
format exams have failed. In addition, the instructors of these courses who have only used
the MC assessment format have no information on the types of incorrect answers and
incorrect reasoning used by their students.

While we have only used two problems as examples, we have seen this multiple times in
other problems. We suggest that more research be done on the skills assessed by MC
format compared to the skills assessed by FR format, because the skills assessed must
match the goals of the course and students must be able to demonstrate these skills.

The students’ response to the Problem Format Survey, taught us that students believe that
free response questions give instructors a much better understanding of the students’
understanding of the concepts and their ability to demonstrate this through the use of
calculation and explanation. We also found that the students think multiple-choice and
true/false are easier, partly because you can guess, but also because it “gives you a clue,” if
you don’t have any idea how to work the problem. While multiple-choice questions can
give you ideas to start with, many students also are appreciative of the fact that with free
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response questions, they get partial credit for demonstrating that they do know some of the
concepts and how to apply them.

Further research also needs to be done on how the students study habits are informed by
the instructor’s choice of exam format and how it promotes or doesn’t promote the
development of the desired skills.

In summary, we have evidence that 1) up to 90% of the students could not choose a correct
answer and correctly explain their reasoning or show their work on the two typical quiz
problems presented, 2) there were a high percentage of CI answers based on the FR and
FR/MC results, 3) many students do not choose MC answers based on physics principles,
but on surface features, and 4) FR format results can be inconsistent with MC results, as
demonstrated at one a large university where traditional teaching, MC exam format and
online homework are the norm. We also have evidence that “Ranking Task” problems, as
well as an increased number of MC options, may decrease the number of false positives in
MC format problems.

We suggest that the goals of a physics course should include the ability to demonstrate the
process of obtaining a correct answer in words or equations through physics principles and
that, if this is a goal, the ability to do this needs to be assessed. We believe that this goal is
at least implicit in most physics courses and that it is explicit in many non-traditional and
PER-informed courses. We have presented data that demonstrate that it cannot be
assumed that students have these skills simply based on MC exam results and that FR or
FR/MC formats better assess these skills. We suggest that assessment instruments used in
large classes at large universities and instruments used in comparing students taught in
different instructional formats, such as traditional and non-traditional, should include
question formats that explicitly assess the thinking process and use of physics principles in
solving problems, if those are some of the goals of the courses.
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Assessment CC CP CI I CC CP CI I
Format

Fa10A (a) Fa 10 A (b)

MC 69 0 0 31 55 0 0 45
FR 14 7 33 |46 0 4 62 34
FRExp.Rank |17 13 25 |45 0 0 1 99
Sp11A(a) Sp 11 A (b)

MC/FR 10 10 42 37 1 3 68 28
FR Format (e) | 10 5 61 24 0 2 57 40
FRFormat(f) |5 5 47 42 1 4 73 23
Fa11B (a) Fa 11 B (b)

FR Calculate 35 0 18 | 64 4 0 7 89
MC/FR 25 0 15 |60 5 0 60 35
FR 21 1 4 74 7 0 41 51

Table 1. The percentage of students in each answer category by assessment format for the
calculus-based course. The data is listed by semester and problem part, for example, Fa 10
A (a) refers to Fall 2010 Problem A, part (a). The solution categories are I (Incorrect), CI
(correct choice, incorrect explanation), CP (correct choice, partially correct explanation)
and CC (correct choice, correct explanation).
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Assessment CC Cp CI I CC Cp CI I
Format

Fa 10 A (a) Fa 10 A (b)

MC 55 0 0 45 52 0 0 48
FR 7 7 14 71 1 1 70 27
FR Exp.Rank. |9 2 28 62 0 0 0 100
Sp11A(a) Sp11 A (b)

MC/FR 2 9 42 47 0 0 64 36
FR Format(e) |5 2 64 |29 5 0 42 53
FRFormat(f) |7 2 40 51 1 1 75 22
Fa 11 B (a) Fa 11 B (b)

FR Calculate 48 0 0 52 5 0 5 89
MC/FR 35 6 10 49 0 0 43 57
FR 39 0 17 59 0 0 37 63

Table 2. The percentage of students in each answer category by assessment format for the
algebra-based course. The data is listed by semester and problem part, for example, Fa 10 A
(a) refers to Fall 2010 Problem A, part (a). The solution categories are I (Incorrect), CI
(correct choice, incorrect explanation), CP (correct choice, partially correct explanation)
and CC (correct choice, correct explanation).
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Figure 1: Calculus-based Results for Problem A. The categories are I (Incorrect), CI (correct

choice, incorrect explanation), CP (correct choice, partially correct explanation) and CC
(correct choice, correct explanation).
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Figure 2: Algebra-based Results for Problem A. The categories are I (Incorrect), CI (correct
choice, incorrect explanation), CP (correct choice, partially correct explanation) and CC
(correct choice, correct explanation).
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Types of CP and CI answers, calculus-based
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Figure 3: Percent of CP and CI answers by category of incorrect answer and problem format
for calculus-based Problem A (a). The majority of CP and CI answers in part (a) fell into
four main categories, labeled (1) “height”, (2) “same force”, (3) “lacking detail”, (4)
“statement” and (5) “other.” The majority of I answers fell into five main categories, labeled
in the graphs (1) “largest net force”, (2) “longer distance”, (3) “longer time”, (4) “incorrect
argument,” (5) “centripetal” and (6) “other.”
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Figure 4: Percent of CP and CI and [ answers by category of incorrect answer and problem
format for calculus-based Problem A (b). The majority of CP and CI answers to part (b) fell
into three categories, labeled in the graphs as: (1) “shortest path”, (2) “greatest net force”,
(3) “statement” and (4) “other.” The majority of I answers in part (b) fall into six categories,
labeled in the graphs as (1) “same force”, (2) “same height”, (3) “statement”, (4) “energy,”

(5) “same speed,” and (6) “incorrect argument.”
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Figure 5: Types of incorrect solutions for the calculus-based course for Problem A for all
format types for CP, CI and I answer types. The categories are the same as in Figures 3 and
4.
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Figure 6: Algebra-based and calculus-based results for Problem B. The categories are |

(Incorrect), CI (correct choice, incorrect explanation), CP (correct choice, partially correct
explanation) and CC (correct choice, correct explanation).
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Figure 7: Distribution of common types of incorrect solutions for the algebra-based course
for Problem B for all answer types. The categories in part (a) are labeled as (1) “incorrect
conservation of energy,” (2) “based on height,” (3) “based on steepness/slope/angle,” (4)
“no indication of process,” (5) “other,” and (6) “correct.” The categories in part (b) are
labeled in the graphs as (1) “t =d/v,” (2) “single kinematics eqn.,” (3) “distance and slope or
height,” (4) “velocity and distance or height,” (5) “angle,” (6) “no indication of process,” (7)

“other,” and (8) “correct.”
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Figure 8: Student responses to the Problem Format Survey. Question type categories are:
MC (multiple-choice), T/F (true/false), Short Ans. (short answer), show work/explain
(show your work and/or explain your reasoning) and Other.
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Figure 9: The picture referred to in the basic stem of Problem A in Appendix I.
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Appendix I
A. Problem A
Basic stem:

1) Imagine that you are comparing three different ways of having a ball move down
through the same height, as in the picture below.

[See Figure 9]

The three cases are:
1. Dropping
2. Sliding on a ramp (no friction)
3. Swinging down

Version a (MC):

a) In which case does the ball reach the bottom with the highest speed? Circle the
correct answer.

1. Dropping

2. Slide on ramp (no friction)
3. Swinging down

4. All the same

b) In which case does the ball get to the bottom first? Circle the correct answer.
1. Dropping
2. Slide on ramp (no friction)

3. Swinging down
4. All the same
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Version b (FR):

a) In which case does the ball reach the bottom with the highest speed? Explain your
reasoning.

b) In which case does the ball get to the bottom first? Explain your reasoning.

Version c (FR Explicit Ranking):

a) In which case does the ball reach the bottom with the highest speed? Rank the
cases by the speed of the ball at the bottom. Show your ranking. Explain why you
ranked them the way you did. If it is not possible to rank the cases, explain why it is
not possible.

b) In which case does the ball get to the bottom first? Rank the cases in order of the
time they reach the bottom from shortest to longest. Show your ranking. Explain
why you ranked them the way you did. If it is not possible to rank the cases, explain
why it is not possible.

Version d (MC/FR):

a) In which case does the ball reach the bottom with the highest speed? Circle the
correct answer and explain your reasoning.

1. Dropping

2. Slide on ramp (no friction)
3. Swinging down

4. All the same

b) In which case does the ball get to the bottom first? Circle the correct answer and
explain your reasoning.

1. Dropping

2. Slide on ramp (no friction)
3. Swinging down

4. All the same
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FR Version e:

a) Isit possible for the balls in cases 2 and 3 to reach the bottom at the same speed
as the ball in case 1?7 Explain your reasoning.

b) Is it possible for the balls in cases 2 and 3 to reach the bottom at the same time as
the ball in case 1?7 Explain your reasoning.
FR Version f:

a) Isit possible for the ball in case 3 to reach the bottom with the highest speed?
Explain your reasoning.

b) Is it possible for the ball in case 3 to reach the bottom first? Explain your
reasoning.

B. Problem A Solution

A possible correct solution to Problem A (version b, Explain):

a)

b)

All balls reach the bottom with the same speed. They all start from the same height.
Because, in each case, the gravitational force is the only force doing work, we can
apply the conservation of energy, mgh; + 1/2mvi2 = mghr + 1/2mv¢ to each of the
cases. The initial and final heights and the initial velocity is the same each case.
Therefore the final velocity, v, must be the same in each case.

Ball (1) reaches the bottom first. If one considers only the vertical component of the
motion, all of the balls start with the same velocity and move through the same
height. Ball (1) has only one force acting on it, the gravitational force, and therefore
has acceleration g. The other balls have a component of a another force upwards, in
addition to the gravitational force downwards, so their net force vertically
downwards is less than mg and their acceleration is less than g. Solving the
kinematics equation y¢- y - viyt + %2 ayt?, for example, for time, would demonstrate
that ball (1) has the shortest time, because it has the highest acceleration and
therefore Ball (1) arrives first. One can also argue that Ball (1) has the highest
acceleration and the shortest distance to travel in the direction of motion, and
therefore arrives first.

C. Problem A Rubric

Analysis rubric for Problem A:

Part a) To be completely correct (C/C) on part (a), the answer must discuss conservation of
energy in words or equations and include analysis of the initial and final conditions (in
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particular the fact that the distance traveled in the vertical direction is the same). If these
two things are not explained clearly in words or equations, the answer is not counted as
completely correct.

An example of a student’s completely correct answer is:

All three balls reach the bottom with the same speed. In all three systems, energy is
conserved, meaning the sum of potential and kinetic energy at one point equals the sum of
potential and kinetic energy at another point. If we take the bottom to have a height = 0 and
we can assume all three start at rest, then the initial potential energy, is the same for all
three, since potential energy is mgh, is equal to the final kinetic energy. This means the final
kinetic energy is the same for all three balls and the kinetic energy is 1/2 mv? and the
velocities are all equal.

An answer was counted as partially correct (C/P), if the explanation is correct but lacks
explicit detail, such as explicit analysis of the initial and final conditions or an explicit
relationship between kinetic energy and velocity. The student’s showed an understanding
of the concepts and some instructors might have thought these answers to be sufficient, but
they were counted as partial by our rubric.

Two examples of partially correct answers are:

(a) mgh =1/2mv?, v2= 2gh All three will reach the bottom with the same velocity because
of the above formula.

(b) They reach the bottom at the same speed. This is because they have the same Ugay at
the beginning with no KE and at the bottom it attains only KE and no Ugrav. ME = KE +
Ugrav- So the Ugray at the top = KE at the bottom.

The first is not completely correct, because the initial and final conditions, the fact that “h”
is the same for all cases, is not explicitly discussed.

The second is not completely correct because the relationship between the velocity and the
kinetic energy is not explicitly stated.

Examples of answers counted as correct choice, incorrect explanation (C/I) are below:

(a) They all have the same speed because they are falling due only to gravity and
acceleration with the same mass.

(b) They are all the same because they start from the same height.
Examples of answers counted as Incorrect (I) are:

(a) In case 3, the ball reaches the bottom with the highest speed, because it has mg the
momentum from the swing.
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(b) Case 3 the ball has more distance to travel, so it has more time to build up speed.

Part b) To be counted as completely correct (C/C) in the part (b) of the problem, an answer
must discuss the distance traveled and the acceleration of the ball in each of the three
cases. A correct answer must include why the acceleration is higher or lower in each case.
The answer could, for example, discuss the distance traveled in the y-direction being the
same for each of the balls, but the acceleration being greater in case (1) because it has the
greatest net force acting on it or analyze the distance and acceleration in the direction of
motion in each case.

An example of a student’s correct answer to version e:
If there was a way to have the balls fall at t = sqrt(2gh), then yes, but NO. The balls in 2 and
3 would take longer to fall than ball 1 because vertical forces from the normal force and
tension would take away from the force of gravity. So if h is constant, than the force on the
balls to travel the distance h would take longer.
Answers counted as partially correct (C/P) were answers that lacked detail. The
statements were correct, but further information was needed, such as explicit discussion of
the ranking of the accelerations based on the net forces acting or explicit reference to both
acceleration and distance traveled.
An example of a student’s partially correct answer to version f is:
No, case 1 will have the highest acceleration since there are no forces with a positive y-
component acting on it. (Case 3 has the tension in the rope pulling up.) Since the
acceleration of case 1 is greater, it will achieve its final velocity faster.
Examples of answers counted as correct choice, incorrect explanation (C/I) are:
(a) #1 It's the only direct path. Shortest distance.
(b) In case 1, the ball would reach the bottom first, it only has mass and gravity acting

upon it while the others have things that delay them.
Examples of answers counted as Incorrect (I) are:

(a) 3 because it has the greatest momentum.

(b) In all three cases, the balls reach the bottom at the same time, because the force

acting on all three is gravity.

Appendix II

A. Problem B
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Basic stem:

For the figures below, all surfaces are frictionless. All masses are identical. All masses start
from rest.

[See Figure 10]
Version a (MC/FR):

a) Choose the correct answer for the rank in order from greatest to least of the final
velocities of the blocks. Explain why you chose the ranking you did. Show work and
calculations.

i) D>B>A>C

i) A=C>B=D

ii) D>A>B>C

iii) B>D>C>A

iv) B=D>A=C

V) A>D>C>B

vi) other ( show ranking and explain)

b) Choose the correct answer for the rank in order from greatest to least of the time it takes
each block to reach the bottom. Explain why you chose the ranking you did. Show work and

calculations.

i) D>B>A>C

i) A=C>B=D

iii) D>A>B>C

iv) B>D>C>A

V) B=D>A=C

vi) A>D>C>B

vii)  other ( show ranking and explain)

Version b (FR):

a) Rankin order from greatest to least the final velocities of the blocks. Explain your
ranking. Show work and calculations.

b) Rankin order from greatest to least the time it takes each block to reach the bottom.
Explain your ranking. Show work and calculations.

Version c (FR Calculate):
a) Calculate the final velocity of each of the blocks. Show your work.

b) Calculate the time it takes each block to reach the bottom. Show your work.
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B. Problem B Solution
A possible correct solution to Problem B (version b, Rank):

a) Using conservation of energy with the initial velocity and final height equal to zero, vi= 0
and h¢ = 0, we have mgh; = % mv¢ and then vr = V2gh. The final velocities can then be
ranked by height and B = D > A = C is the correct ranking.

b) If we take our positive x-axis to be down the slope, the net force in that direction is F =
mg sinB, and by Newton’s Second Law, F = ma, the acceleration down the slope is a = g sin6.
This can be combined with a kinematics equation, to solve for the time. For example,
substituting a = g sinB into xf-x; = vit + %2 at?, with v; =0, Xr-x; = d, with d being the distance
down the slope, one finds (using sin 6 = h/d, where h is the initial height and not showing
the algebraic process), t = dv2/gh. The time then depends both on the initial height, h and
the distance down the slope, d. Substituting in the numerical values for h and d in each
case, one findsA>D > C>B.

C. Problem B Rubric

Part a) To be completely correct (C/C) on part (a), the answer must use either conservation
of energy or a kinematics equation to arrive at vi = v/2gh, the relationship between the final
velocity and the initial height, h. The student must then write out or choose the correct
ranking.

As this is mostly an algebraic exercise, after the recognition of the use of conservation of
energy or the correct use of a kinematics equation, we do not give examples of student’s

correct answers.

Answers counted as partially correct (C/P) predominantly consisted of solutions that had
mathematical errors.

Answers counted as correct choice, incorrect explanation (C/I), were often arguments
made based on angle, slope, distance down the slope, answers that were just statements or
incomplete arguments.

An example of a C/I answer is:

B and D are equal, because B has half the distance of D but double the angle. This is the
same for A and C.

Incorrect (I) answers consisted of arguments made based on angle, slope, distance down
the slope, or answers that were just statements.

Examples of answers counted as Incorrect (I) are:
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(a) B had the steepest incline, then D, then C, then A. The steepest slope would speed up
the fastest, then D because its slope is the same as C, but it has a longer time to speed
up. Then A, because it has the smallest slope and will travel slowly down it.

(b) A:10m/s, B: 5m/s, C: 2 m/s, D: 5m/s

Part b) To be counted as completely correct (C/C) in the part (b) of the problem, one
needed to use two equations which could have been i) the equation that defines average
velocity coupled with with t = d/vavg, ii) a force equation and a kinematics equation, or iii)
two kinematics equations.

There were no answers counted as partially correct.

The answers counted as correct choice, incorrect explanation (C/I) were almost exclusively
students who wrote down the formula t = d/v, used the distance down the slope for d and
the final velocity they had calculated in part (a) for v. This gives the correct ranking, but is

not a correct way to work the problems.

Answers counted as Incorrect (I) consisted of arguments made based on angle, slope,
distance down the slope, velocity or answers that were just statements.

Examples of answers counted as Incorrect (I) are:

(a) B, A=D, C. The ratio of the ramp length to height determines which will have the
most time for the mass to reach the bottom.

(b) The slopes are a major factor in the time it takes. The greater the slope, the

faster the time. A > C = D > B. (The student also showed calculation of each of the
angles.)
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C. Problem Format Survey

1) Please identify which type of physics exam or quiz question you prefer to be graded

on:
a)
b)
c)
d)
e)

Multiple-choice

true/false

short answer

show your work (including calculations) or explain your reasoning
Other (describe)

Please discuss why you chose the answer you did.

2) Which type of physics exam or quiz question do you think is easier?

a)
b)
c)
d)
e)

Multiple-choice

true/false

short answer

show your work (including calculations) or explain your reasoning
Other (describe)

Please discuss why you think your answer is the easiest.

3) Which type of physics exam or quiz question do you think gives your instructor the
most information on your understanding of the question being asked?

a)
b)
c)
d)
e)

Multiple-choice

true/false

short answer

show your work (including calculations) or explain your reasoning
Other (describe)

Please discuss why you chose the answer you chose.
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