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Impact of animation on assessment of conceptual understanding in physics
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This study investigates the effect of computer animation on assessment and the conditions under which
animation may improve or hinder assessment of conceptual understanding in physics. An instrument was
developed by replacing static pictures and descriptions of motion with computer animations on the Force
Concept Inventory, a commonly used pencil and paper test. Both quantitative and qualitative data were col-
lected. The animated and static versions of the test were given to students and the results were statistically
analyzed. Think-aloud interviews were also conducted to provide additional insight into the statistical findings.
We found that good verbal skills tended to increase performance on the static version but not on the animated
version of the test. In general, students had a better understanding of the intent of the question when viewing
an animation and gave an answer that was more indicative of their actual understanding, as reflected in separate
interviews. In some situations this led students to the correct answer and in others it did not. Overall, we found
that animation can improve assessment under some conditions by increasing the validity of the instrument.
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INTRODUCTION

Assessment is an integral component of the learning pro-
cess and has traditionally been accomplished through the use
of pencil and paper. Newer technologies offer alternative
means of evaluating student understanding. In theory, the
computer should be an asset to learning and assessment. Af-
ter all, it can engage students interactively and provide an
approximation of one-on-one interaction by utilizing student
input to adjust the presentation of information. It can present
movement, graphics, and sound, easily records student input,
and facilitates communication that would otherwise be diffi-
cult or impossible. But the computer by itself does not edu-
cate. As Rieber! put it, asking if the computer is a good
instructional device is a bit like asking, “Is a hammer a good
tool to use? The answer is sure, sometimes, but it all de-
pends. It’s great for hammering and pounding nails, but
pretty lousy for cutting hair.”

Technology can be used to facilitate learning but it can
also be an expensive waste of time, or even worse, under-
mine learning. But how are teachers and instructional design-
ers to know which uses will be valuable? The purpose of this
study is to add to the growing body of research in instruc-
tional technology, particularly in the use of computer anima-
tion to aid in assessing conceptual understanding of physics.

REVIEW OF THE LITERATURE

Although computer animation is theoretically valuable for
both learning and assessment, it is only partly understood
how it is best used. Most research has focused on differences
in learning outcomes between a group that saw animations
and a static or text-only group. Since only half of these stud-
ies report a significant difference (usually in favor of the
animation) between the two groups,' it is important to con-
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sider the specific conditions where animation might be effec-
tive or destructive. There are indications that animation will
offer the potential for increased learning when there is a need
for external visualization and when the content depends on
an understanding of motion.!*> There is also evidence that
suggests that students may need help attending to the rel-
evant parts of an animation."%’ In other words, students are
novices at learning and need guidance in learning from ani-
mation just as they do with other means.

There has been some research conducted on the use of
animation within the context of Newton’s laws of motion.
Much of this research was carried out by a group of psy-
chologists concerned with perception.®-!° Their research fo-
cused on subjects’ ability to correctly identify an object’s
correct trajectory when viewing either an animation or a
static drawing. In some cases the animation improved perfor-
mance while in others there was no statistically significant
difference in performance between the two groups. Although
the researchers did offer some suggestions, it is not clear
from this body of research why differences were seen in
some cases and not others.

Along related lines of perception-oriented inquiry, other
researchers have found that a computer simulation can be a
credible representation of reality.!! This was accomplished
by comparing student responses to questions about actual
balls moving on rails to animations of the same situations.
This is an important finding as it indicates that animation
(which is usually simpler to present) can be used in place of
reality. However, there is evidence'? that students are not
always able to correctly pick an accurate depiction of mo-
tion, especially when the correct motion violates their expec-
tations.

Previous research indicates that computer animation can
be used to increase student learning in some situations. There
are also indications from the research base that students may
express their knowledge differently when asked through ani-
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mation than when assessed in a more traditional manner. But
more research is needed to address the specific conditions
when animation can have its greatest effect and more impor-
tantly, to address the issue of why an animation may or may
not be effective. Also, most of the previous research has
focused on learning and almost none has been done with
assessment, making this area in need of study.

METHOD

For this study, we wanted to learn more about how com-
puter animation could affect the assessment of conceptual
understanding of physics topics. We were interested in
whether computer animation could provide more insight into
students’ understanding than can be ascertained by tradi-
tional pencil and paper testing. Alternately, would we find
situations where animations confound the assessment effort?
If the answer to either of these questions was “yes,” we
wanted to discern the mitigating circumstances and so pro-
vide guidance to educators and researchers who want to use
technology. In order to answer these questions an animated
version of a widely used instrument was developed. We tried
to ensure that the animated version was as similar as possible
to the static version. Tversky!® and colleagues suggest that
many studies have not been careful about this equivalence,
potentially confounding the findings.

Research instrument

The Force Concept Inventory'* (FCI) is a pencil and pa-
per conceptual test comprised of multiple-choice items. It is
based on common misconceptions about forces and motion
and has been used extensively for educational research and
evaluation purposes.'>!® The FCI is typically given before
and after instruction. Because the test is based on common
misconceptions and grounded in everyday situations, most
students feel they can answer the questions reasonably well
even when taking the test before instruction on the topics it
covers.

All 30 questions from version two'” of the test were re-
written by replacing static pictures and descriptions of mo-
tion with student-controlled computer animations. The ani-
mations were developed using the PHYSLET ANIMATOR, 319 a
scriptable Java applet designed for the creation of such ani-
mations. An example question is shown in Fig. 1, more
sample questions are found in the EPAPS document.”’ Other
questions and discussion of the instrument can be found
elsewhere.?!

Data collected

Student responses to animated and static FCI questions
were collected in the fall of 1999. The sample consisted of
53 students taking conceptual physics at a private high
school and 325 students taking calculus-based, introductory
mechanics at a large state university. The students were ran-
domly assigned to a group that answered all 30 questions in
animated form, or a group that answered the questions in a
static form. Because the number of computers available for
testing was limited, there were more students assigned to the
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static condition. All students answered the questions before
formal instruction began so instructor effect was not a con-
cern. For most students, gender was recorded. ACT scores
were available for 241 of the university students.

In order to provide deeper insight into the results of the
statistical analysis and to highlight interesting areas for fur-
ther research, interviews were conducted. During the spring
of 2000, 14 university students (who were not involved in
the previous data collection) participated in intensive, one-
on-one interviews in which they were asked to answer either
static or animated questions while verbalizing their thoughts.
The interview participants were volunteers who were taking
calculus-based mechanics. Interviews were conducted as
early in the semester as possible since the statistical data
were based on a pretest.

For the majority of the interviews the student was asked
to answer all 30 questions in order while verbalizing his or
her thoughts. During this period, the interviewer remained
quiet except to maintain the flow of the interview. Each stu-
dent was randomly given one of two mixed versions of the
FCI in which about half of the questions were animated and
half were in their original form. After the student had given
an answer to all questions the interviewer sometimes asked
him or her to relook at some questions in the opposite for-
mat. This method proved to be enlightening. The particular
questions a student was asked to look at again depended on
the particular student. For example, if a student answered a
particular question in animated form and gave a response
that indicated to the interviewer that the animation may have
had an effect, then the researcher would later ask that student
to look at the same question in its static form. The student
was asked if they wanted to change their answer. Although it
would have been desirable to have every student relook at
every question, students were too tired after answering the
original 30 questions and a few additional ones to seriously
consider reviewing all questions again.

Three of the 14 students interviewed were asked to first
write their answers down instead of verbalizing their
thoughts as they went. They then discussed their answers
with the interviewer. The information from this format was
not very rich and the approach was quickly abandoned.

The interviews were recorded, transcribed, and analyzed
predominantly using a grounded theory methodology?? of
qualitative analysis. In this approach analysis is inductive.
Theories are allowed to emerge from the data rather than
beginning with a particular theory and then looking to the
data to prove or disprove it. As described below, we went
through several cycles of analysis, deepening our under-
standing and checking the validity of theories as they
emerged.

After the interviews were transcribed they were read
through on a question-by-question basis looking for anything
that might be interesting or relevant. When possible trends
were seen, the entire interview transcripts were reread for
supporting or contradictory statements. Finally, the interview
analysis was compared to the statistical data for each ques-
tion to see if there was evidence of a relationship. For ex-
ample, if in the interviews it was felt that many correct an-
swers to the static version were a false positive but answers
to the animated version were an accurate representation of
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Question 14

A bowling ball accidently falls out of the cargo bay of an

aithiner a it flies along in a horizontal direction. As observed
by a person standing on the ground and viewing the plane as
shown in the animations. which animation shows the path the

Animation A
e ) bowling ball would most closdy follow after leaving the
— airplane? (note that the bowling ball falls out at the point
e > indicated by the blue arrow)
¢ € Stat Animation A

¢ Start Animation B

€ Start Animation C

¢ Start Animation D

© Start Animation E

Students start one of 5 animations using the links. For each animation the airplane is shown

flying across the top of the screen and releasing the ball at the point shown by the arrow.

The ball is then seen following the path associated with the chosen animation. Students can
pause the animation at any point, view in incremental time steps, and replay as often as they

want.

A bowling ball accidentally falls out of the cargo bay of an airliner as it flies along in a horizontal direction. As
obsex_’ved by a person standing on the ground and viewing the plane as in the figure at right, which path would the
bowling ball most closely follow after leaving the airplane?

Y
¢ (B)
c©
€ (D)
€ (B)

The original version depicts the path of the ball with dotted lines. Students must infer the

motion.

FIG. 1. Question 14 shown in animated and original form.

students’ understanding, then it would be expected that per-
formance on the static question would be significantly higher
than performance on the animated question in the large
group analysis.

RESULTS
Analysis of student answers

When comparing the distribution of item responses be-
tween those who saw the animation and those who saw the
static version, a full one-third of the questions showed a
significant difference at the p<0.01 level (using a z test for
the equality between proportions).

Of these, there were six items for which the significant
difference in the distribution of responses was found in the

TABLE I. Results for questions where significant differences
were found in performance. The actual number of students answer-
ing each question varied because not every student answered every
question.

% Correct (N) p value
Question  Animation Static z score  (two-tailed test)
57%(135)  71%(265)  =2.70 0.007
7 80%(134)  64%(262) 3.22 0.0012
14 76%(134)  51%(262) 4.86 <0.0001
19 34%(131)  51%(256) -3.14 0.0016
20 24%(131)  47%(257) —4.40 <0.0001
26 21%(126) 5%(251) 5.01 <0.0001
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TABLE II. Correlation coefficients between English ACT score
and FCI scores.

Format Correlation N
Static 0.215% 158
Animated 0.066 83

4p<<0.01 that r=0 on a two-tailed test.

correct answer choice. There were three questions (1, 19, and
20, all found in the EPAPS document?®) for which the static
group performed significantly better and three questions (7,
14, and 26; see Fig. 1 and the EPAPS document®’) for which
the animated group performed significantly better. The re-
sults for these questions are shown in Table 1.

Of the 30 questions, only 14 actually had critical informa-
tion displayed during the animation. In other words, for those
questions students were required to view the animation in
order to correctly answer the question. For the remaining
items, all relevant information was given in the problem
statement making the animation a superfluous addition. It is
important to note that all six questions mentioned above as
significant contained animations that displayed crucial infor-
mation. Thus we see that animation in and of itself will not
benefit assessment. The animation must be an integral part of
the question.

It is also important to note that the animations sometimes
led students to the correct answer and other times did not. In
terms of assessment, it is desirable that the answer a student
gives is reflective of his or her understanding. An increase in
performance is only desired if it is due to a more accurate
understanding. A difference between the two groups does
not, by itself, indicate which is superior for assessment. A
deeper investigation is needed to make that determination.

It is apparent that animation can alter the outcome of as-
sessment under some conditions. It is important to under-
stand how and why this effect occurs. The findings described
below allow us to suggest some possible explanations.

Analysis of ACT scores

The sample included 241 students who answered at least
29 of the 30 questions and for whom ACT scores were
known. Correlation coefficients were calculated between
English/math ACT scores for these students and their FCI
scores. The results are shown in Tables II and III.

These data suggest that both verbal and mathematical
skills play a significant role in the performance of students
on conceptual physics questions when assessed traditionally.
Interestingly, the correlation between verbal skill and perfor-

TABLE III. Correlation coefficients between math ACT score
and FCI scores.

Format Correlation N
Static 0.300* 158
Animated 0.357% 83

2 <0.01 that =0 on a two-tailed test.
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mance disappears when the test is given in animated form. It
appears that animation might be used to improve assessment
of student understanding by reducing the confounding vari-
able of verbal ability. Although verbal ability is an important
skill that should be developed in a physics course, if the goal
of the assessment instrument is to measure conceptual under-
standing then it appears that animation may provide a more
accurate measure of conceptual understanding without also
measuring verbal ability.

Interview results: Link between verbal skills and test
performance

The interviews confirm the correlations noted above.

(1) There were a number of instances where students sim-
ply misread a static problem. With any assessment that re-
quires reading, even statements that are clear and unambigu-
ous to some test takers can be misread or misinterpreted by
others. This type of mistake might cause students to either
answer incorrectly when they actually had the correct con-
ceptual understanding or to answer correctly for the wrong
reasons. The interview data suggest that misreading is much
more likely when an animation is not present.

Question 28, which asks about the forces between two
students pushing off each other (shown in the EPAPS
document®’), provided clear evidence of this. The static ver-
sion of this item was one of only four questions Janice man-
aged to correctly answer. The reason she gave for her choice
was “Both of them are exerting a force but it has equal
amounts so neither of them are moving.” She clearly did not
understand that the students moved after the push even
though it is explicitly stated. Later in the interview, she
viewed the animated form of this question and was asked if
she still felt her original answer was correct. Janice com-
mented that she had originally misinterpreted the question
and changed her answer to D, which was more reflective of
her actual understanding even though it was an incorrect re-
sponse.

In contrast, Charlie missed only nine questions, including
this particular item. He stated there were no forces between
the students because “after the push they’re still together,
moving...the only way I can see that as feasible is if they
didn’t produce any force on each other.” When this student
later saw the animated form of the question he changed his
answer to the correct response because, as he stated, “the
animation clarified it.”

The static version of the questions were more likely to be
misread than the animated version because the animated
questions require less reading and interpretation of wording.
In short, students are more likely to misinterpret text they
read than an animation they watch.

It is interesting to note that the assessment of both Janice
and Charlie appeared to be improved by the animation. The
animation helped Charlie, who generally had a better grasp
of the material, to correctly answer the question. It led Jan-
ice, who did not have a correct understanding, away from the
correct answer. In both cases, the animated question appears
to be more valid.

(2) Even when students correctly read a static question
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they may not be able to understand the situation presented.
Animation can be used to show students a situation rather
than relying on the students’ abilities to understand a written
or graphical description. There are some questions (such as
questions 19 and 20, shown in the EPAPS document?’) that
may be particularly difficult to describe clearly without giv-
ing the answer away. In such cases, an animation can be very
helpful as it allows the question to be asked and understood
while maintaining its effectiveness as an assessment tool.

Several students, often the weaker ones, had trouble inter-
preting the strobe photo diagrams used in questions 19 and
20. They were able to interpret the animation, which showed
the blocks moving across the screen. When these students
answered the static form of the question their answer was
either a blind guess or based on a misunderstanding of the
question statement. For example, when Beverly read the
static form of question 19 she attempted to understand what
was being asked of her but could not. Eventually, she con-
cluded, “I honestly have no idea what this question is asking.
Or I know what it’s asking, but I'm at a loss of how to figure
this out so I'm going to try to take an educated guess. And
my guess is [long pause] um, at 5, C.”

When she later saw the animated version she still gave an
incorrect response but she did appear to understand the situ-
ation presented: “On that one [the animation] it all looks
different. Like the blue one is...[replays animation] I'm go-
ing to change that one to D because that time they look like
they were going the same speed at one and four.”

Although they did not necessarily answer correctly when
presented with the animation, the animation was a better re-
flection of students’ actual understanding of the concepts of
velocity and acceleration because they were better able to
understand the situation presented. As was seen with ques-
tion 28, discussed above, the animated question appears to
have more validity in terms of testing these concepts because
it eliminates the extra task of correctly reading and interpret-
ing the strobe representation.

(3) The animated version is less vague. An animation
gives more information than a description of motion because
it shows all aspects of the motion at all times. It is possible
for a written description of motion to include all information
necessary for an expert to answer the question but neglect to
include information a student with misconceptions would
consider important. This was apparent in question 4 (see the
EPAPS document??).

The question statement for number 4 only states “A large
truck collides head-on with a small compact car.” It does not
give any information about the speed of the car and the truck
before or after the collision. Out of 14 students interviewed,
six specifically mentioned the speed of the vehicles as a fac-
tor in their answer choice. The students who viewed the ani-
mation used the speed information and the students who
were presented with the static question noted that it was im-
portant. For example, Maggie saw the static version and
stated “T guess it kind of depends on, like how fast they were
both going...If you had...a little car going really fast it can
be as bad as a big truck going really slow.”

The animated and static versions were not identical; those
who saw the animation had information about speed and
those who saw the static question were left to interpret it for
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themselves. Again, the animated question appears to be more
valid because it is less ambiguous, if the goal is to measure
understanding of concepts free of measuring other skills such
as ability to make inferences.

(4) Animated questions may be less likely to elicit memo-
rized responses. There was also some indication from the
interviews that students may answer a question correctly be-
cause they remember the correct answer and not because
they have an understanding of the underlying concept. For
example, the first question (See the EPAPS document?) is
about the relative time of fall for two balls of different
masses. Most students who saw the static version answered
correctly and specifically stated that they remembered the
answer from past courses. One student even articulated that
her correct answer was not reflective of her beliefs. She com-
mented, “I’ve always been told that a feather and a bowling
ball will fall at the same, you know I still have this little, you
know it never settles very right but, I know that’s what I've
been told but at the same time, I'm like, I really want the
heavier ball to fall faster.” Mazur®® reports a similar experi-
ence in which a student taking the paper-based FCI asked
him “How should I answer these questions? According to
what you taught us, or by the way I think about these
things?”

Although the animated version of the question is not im-
mune to correct responses based on memorization, it appears
to be less susceptible. We speculate that this may be because
the animated form looks less like something from a textbook
and more like real life so students’ responses are based more
in their “everyday” (as compared to “classroom”) under-
standing. Again, the animation appears to increase validity.

DISCUSSION

The results of this research indicate that animation can be
used to increase the validity of assessment, under some con-
ditions. Quantitative and qualitative data both show that per-
formance on animated questions is not as closely linked to
verbal ability as traditional static questions. Students were
more likely to misread or misinterpret a static question with
words and pictures than a question with information con-
veyed in an animation.

Although verbal ability is important, and does relate to
overall success in coursework, it is usually not desired to
measure verbal ability on a test of conceptual understanding.
There are, after all, better ways of measuring verbal ability.
Also, there are particular groups of students for whom as-
sessment measures could be more highly influenced by their
verbal skills. For example, an animated version of a test
would probably give a better indication of the actual under-
standing of a non-native language speaking student than a
text-based version of the test that depends on the student’s
ability to read and comprehend. For the same reason, the
animated test would probably be more valid for very young
students or students without a strong educational back-
ground.

While the findings of this study indicate that computer
animation can be used to improve test validity, they also
indicate that computer animation is preferable only under
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certain conditions. Although we saw no indicators that com-
puter animation can decrease the validity of an assessment
instrument, the use of animation does present some difficulty.
For example, hardware can fail, there are often not enough
computers, software can be incompatible, and applets can
fail to load. Paper is inherently simpler. Also, although no
formal records were kept, it is the researchers’ general feel-
ing that the animated questions took longer for students to
answer because of the time required to play the animation.

The use of animation for assessment appears to be of most
value under the following conditions.

(1) The animation is an integral part of the question and
not just a good-looking addition. Students should have a
need to use the animation to answer the question. From this
it follows that questions about motion are the best candidates
for animation. This result supports the findings of earlier
research.

(2) Tt is likely that the static form of the question could be
misread or misinterpreted in a way that could be clarified by
an animation. If a question is vague, or unclear to a student,
then the response that student gives may not be reflective of
his or her understanding. Perhaps the greatest benefit offered
by animation is that it can significantly decrease such prob-
lems. This is especially true for students with poor verbal
skills.

(3) Students are likely to answer a question based on what
they remember rather than what they know and understand.
In this case the animation is helpful if it is not as recogniz-
able to the student as the static question.

FUTURE RESEARCH

As with most research, more questions have been raised
than answered. There are two directions that would be par-
ticularly interesting to follow. First, how do such things as
gender, ability, and background change the effect of anima-
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tion? This study provided inconclusive evidence that differ-
ent students may respond differently to an animation. The
majority of students in this study were white, male, and from
a middle or upper socioeconomic class. Based on the results
of the small number of exceptions?! it would be worthwhile
to investigate other groups more thoroughly.

Second, and most important, how can computer animation
be used to assess students in ways that have no paper paral-
lel? We currently use a paradigm of testing that is centered
on the possibilities offered by paper. This method of question
delivery and response has certainly shaped the type and na-
ture of the questions we ask. In fact, paper assessment is so
much a part of our education system that it is difficult to
even imagine alternatives. But we are no longer limited to
paper based assessment and can begin to think outside the
proverbial box. Computer animations open new doors and
offer additional possibilities. For example, technology can
test students interactively, constantly adapting to the stu-
dent’s input. Computers can also ask questions in unique
ways. For example, an animation could be used to ask stu-
dents “Is this object speeding up?” Also, animations can
mimic real situations by giving students more information
than they need and by not stating necessary information ex-
plicitly. By breaking from our current mode of assessment,
we could potentially make drastic improvements in our abil-
ity to measure student understanding.
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