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Abstract

Educators and researchers often make the assumption that the order of test or survey
questions is unimportant. Is this assumption valid? This study investigates how the order
of two related FCI questions (#13 and 14) affects students’ responses. This study also
investigates the effect an unrelated FCI question (#23) has on answers to the above
problems. Four versions of a survey were administered before and after instruction to

243 students taking an algebra-based physics class.

Versions 1 and 2 of the survey

included the related physics questions in opposite order. Versions 3 and 4 included the
unrelated physics question and one of the above questions. Student responses for the four
versions were compared for both the pre- and post-instruction surveys.

Introduction

For years physics education researchers have used
surveys and other investigative tools to learn what
physics students know and how they think. These
researchers often assume that the order of questions
does not affect student responses. For as long as
teachers have been giving tests, students have been
looking for strategies and “tricks” to improve their
performance on exams. These methods include “test
taking strategies” often taught in high school and some
college orientation classes. A common strategy
includes looking for the answer or helpful hints in
other problems when answering an unfamiliar
question.  Thus, students’ performance may be
influenced by their test taking skills or ability to
“learn” the physics as they take the test. There is no
reason to believe that students forget this skill when
they are taking physics education research surveys as
opposed to graded exams. This is a serious problem
for researchers who are attempting to understand how
students think about a series of problems or situations.

Educational researchers have for years studied the
effect of question order, beginning with Mollenkopf
[1] and others in the 1950s. Most early studies [2]
focused on changing the order of the ease of the
questions: “easy to hard” and “hard to easy.” With the
advent of computerized adaptive testing educational
researchers have begun to look more closely at the
effect of changing the context and order in which test
items appear.[3]

The purpose of this paper is to test the
aforementioned assumption that the order of questions
in a test does not affect student responses to individual
questions on the test. The results of our study
described here suggest that the order of questions does

have an effect on students’ responses to multiple-
choice questions, including the frequency of correct
responses and responses based on common
misconceptions.  This paper is intended to draw
attention to a basic assumption of most research and to
initiate a discussion on the validity of this assumption.

Methodology

We surveyed 243 students enrolled in an algebra-
based  physics course  taught wusing the
lecture/recitation/lab format. Most students taking the
class were life science, pre-vet, agriculture or
education majors. Approximately 47% of the students
were female and about 70% had already taken a
physics class at the high school or college level. We
administered the pre-test a week into the semester and
the post-test a week after the students took the second
exam, which covered forces. The surveys were
administered during lab.

The surveys included three questions from the
Force Concept Inventory (FCI).[4] These three
questions included two mutually related questions
pertaining to Newton’s III Law and one unrelated
question pertaining to projectile motion. We limited
our survey instrument to three questions mainly to
limit the number of experimental variables in our
study. We used a modified set of distracters
developed from students’ answers to open-ended
versions of the questions.[5]

The first question (o) in Figure 1 is FCI question
#13. It will be referred to as the acceleration scenario.
The second question (B) in Figure 2 is FCI question
#14 and it will be referred to as the non-accelerating
scenario. For both questions the correct answer is
choice A. The final question is FCI question #23 in
Figure 3, which is referred to as the control question.



The correct answer to the control question is choice 5.
Questions o and P are both related to Newton’s III
Law. The control question is a projectile motion
problem and therefore unrelated.

effects of the unrelated control question on student
responses to questions o and B. Therefore, four
versions of the survey were created with each survey
containing two of the three questions.

A large truck breaks down out on the road and receives a
push back into town by a small compact car as shown in
the figure below.
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While the car, still pushing the truck, is speeding up to

get up to cruising speed:

(A) The force with which the car pushes on the truck is
equal to that which the truck pushes back on the car.

(B) The force with which the car pushes on the truck is
smaller than that which the truck pushes back on the
car.

(C) The force with which the car pushes on the truck is
greater than that which the truck pushes back on the
car.

(D) The car’s engine is running so the car pushes against
the truck, but the truck’s engine is not running, so the
truck does not push against the car.

(E) Neither the car nor the truck exerts any force on each
other.

Figure 1: Question a; the accelerating scenario.

A large truck breaks down out on the road and receives a
push back into town by a small compact car as shown in
the figure below.
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After the car reaches a constant cruising speed at which

the driver wishes to push the truck:

(A) The force with which the car pushes on the truck is
equal to that which the truck pushes back on the car.

(B) The force with which the car pushes on the truck is
smaller than that which the truck pushes back on the
car.

(C) The force with which the car pushes on the truck is
greater than that which the truck pushes back on the
car.

(D) The car’s engine is running so the car pushes against
the truck, but the truck’s engine is not running, so the
truck does not push against the car.

(E) Neither the car nor the truck exerts any force on each
other.

Figure 2: Question B; the non-accelerating scenario.

The purpose of this research was to study the
effect the order of two related questions (o and P)
would have on student responses and to investigate the

A bowling ball accidentally falls out of the cargo bay of
an airliner as it flies along in a horizontal direction.

As observed by a person standing on the ground and
viewing the plane as in the figure below, which path
would the bowling ball most closely follow after
leaving the airplane?

Figure 3: The control question.

Table 1 shows the arrangement of the survey
questions and the number of respondents for each
version of the survey. Versions 1 and 2 were created
to study the effects of the ordering of questions o and
B, while Versions 3 and 4 investigated the effects of
the control question. Students were given only one
question at a time on a separate sheet of paper that was
collected from the students before the second question
was handed out. This process ensured that students
could not change their answer to question 1 after
reading question 2 or answer the questions out of
order. T-tests on the scores on the second exam
showed no statistical difference in physics ability
between the version groups.

n | Question 1 Question 2
Versionl | 64 | Question a Question f3
Version2 | 59 | Question 8 Question o
Version3 | 59 | Control Question | Question o
Version4 | 61 | Control Question | Question 8

Table 1: The order of survey questions.

Results and Discussion

The frequency of each response for the questions
was analyzed using the standard z-tests on the
proportion [6] of students who selected that response.
The following graphs show the effect of the order and
the control question.
Pre-Test

Graphs 1-3 show the frequency of each response
(A through E on Questions o and  or 1 through 5 on



the Control Question) for each question and version of
the pre-test.

The placement of question o appeared to have no
effect on how students answered this question. While
the graph shows minor fluctuations for the different
versions, these differences were not statistically
significant. It should be noted that no students
selected choice E for question a. This observation
may mean that students recognized that in an
acceleration scenario, the car and truck exert some
type of force on each other.

Graph 1: Pre-Test Question Alpha
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The results for question [ tell a much more interesting
story. There is a statistically significant difference
(z=2.57, p<0.0052) in the percentage of students who
select choice E for version 2 (0%) and those who
select choice E for version 1 (9.4%).

Graph 2: Pre-Test Question Beta
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This suggests that students are only likely to think
that there are no forces present between the two
objects in a non-accelerating situation after they have
dealt with the accelerating situation. Students were
more likely (z=2.06, p<0.0197) to choose the correct
answer (A) after answering the control question than
when they answered question [ first (version 2). They
were also less likely (z=2.03, p<0.0212) to choose
answer C, the most common distracter, after answering
the control question than when they answered question
B first. There was also a statistically significant
difference (z=2.22, p<0.0132) between Versions 3 and
4, in frequency of response 1 to the control question.

Graph 3: Pre-Test Control Question
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Another notable result from the pre-test is that
Post-Test

The results for the post-test surveys are shown in
graphs 4-6. The frequency of correct responses
improved for the post-test. Yet, choice C was still the
most common selection for question o, indicating that
students feel the car is exerting a greater force than the
truck when they are accelerating.

Graph 4: Post-Test Question Alpha
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Graph 5: Post-Test Question Beta
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For question B, the most common selection was
choice A, the correct answer. Seventy percent to 80%
of students correctly answered this problem,
depending on the version. There were no significant
differences based on question order or inclusion of the
control question for the post-test. Based on the above
result, we speculate that after instruction, student
responses are not as likely to be influenced by the
question order than before instruction.



Graph 6: Post-Test Control Question
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Conclusions

Our research shows that the order of questions and
the inclusion of an unrelated question can have a
statistically significant effect on student responses.
We used two Newton’s III Law questions in our
survey, one in which the objects were accelerating and
another in which they were moving at a constant
speed.

On the pre-test when the accelerating scenario
(question a) was presented first, followed by the non-
accelerating scenario (question B), about 9.4% of the
students responded that no force was present when the
objects (car and truck) traveled at a constant speed
even though they recognized that a force was present
between the accelerating objects. By contrast, when
the order of questions was reversed — i.e. the non-
accelerating scenario (question ) was presented first,
followed by the accelerating scenario (question o) —
there were no responses that stated the non-existence
of interaction forces in the non-accelerating case. This
difference (i.e. 9.4% vs. 0%) is statistically significant
(z=2.57, p<0.0052). Thus, it appears that a particular
order of questions is more likely to trigger a certain
misconception than another order of questions.

It also appears that some students were influenced
by the control question. These students fared better on
the non-accelerating scenario after being asked an
unrelated physics question.  Not only was the
frequency of correct answers improved, but also the
frequency of the most common distracter was
decreased.  The reason for this is not entirely
understood.  One possible explanation for this
phenomenon is that the unrelated question put students
in a “physics mindset.” The control problem appears
to have encouraged students to begin thinking about
the questions as a physicist would.

The results of our study are statistically
significant, albeit marginally. = Therefore, in our
ongoing efforts we will retest our results with another

group of students enrolled in a different semester.
Based on our present results however, we can state
that the assumption that the order of questions is
irrelevant should no longer be accepted as simple fact.
Instead there is reason to believe that the effect of
question order on student response merits further
careful investigation and should be considered in the
design of survey instruments.
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