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We measured the time taken by students to respond to individual Force Concept Inventory (FCI)
questions. We examine response time differences between correct and incorrect answers, both
before and after instruction. We also determine the relation between response time and expressed
confidence. Our data reveal three results of interest. First, response times are longer for incorrect
answers than for correct ones, indicating that distractors are not automatic choices. Second,
response times increase after instruction for both correct and incorrect answers, supporting the
notion that instruction changes students’ approach to conceptual questions. Third, response times
are inversely related to students’ expressed confidence; the lower their confidence, the longer it
takes to respond. VC 2013 American Association of Physics Teachers.
[http://dx.doi.org/10.1119/1.4812583]

I. INTRODUCTION
Physics education research lies at the crossroads of
physics, education, and psychology and uses methods
derived from all three disciplines. Connections between
physics and psychology can be traced back at least to
Hermann von Helmholtz, who, in addition to mentoring historical figures in physics including Albert Abraham
Michelson, Max Planck, and Wilhelm Wien, also mentored
Wilhelm Wundt, the scholar traditionally credited for the
birth of psychology.1 Helmholtz pioneered reaction-time
research by measuring “the time that it took for a nerve
impulse to pass through the severed leg of a frog. He then
succeeded in adapting the method for human subjects, who
were asked to respond by pushing a button whenever a
stimulus was applied to their leg.”2 Since Helmholtz, subject reaction times continue to be used in cognitive
psychology.3
Looking at longer time scales and higher cognitive levels,
psychometricians have used response times on achievement
tests to study student effort,4,5 response strategies,6 and
speededness.7 Response times have been related to ability,
providing additional data for item-response theory and other
scoring models.8,9 However, research shows that the relationship between response times and accuracy is difficult to
generalize because it is dependent on the content and context
of the test.10 Additional research is needed to link response
times to cognitive and educational psychology research,10
for better understanding of the cognitive processes in
answering test questions.
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In this short paper, we show data suggesting that response
times can provide additional insight into students’ cognition
during conceptual assessments. We obtained response times
using a computerized version of the Force Concept
Inventory (FCI).11,12 We find significant differences in
response times between correct and incorrect answers. We
also find that students take longer answering questions
after instruction (post-test) than they do before instruction
(pre-test). Finally, we show a negative relationship between
response time and student confidence.
II. METHODS
We collected FCI data from students (N ¼ 894) in introductory mechanics courses at Harvard University between
1991 and 1997. These introductory courses were taught
using Peer Instruction.13,14 At the beginning and end of the
term, each student took a computerized version of the FCI,
which displays only one question at a time. After selecting
an answer and indicating their confidence in the answer, the
next question is displayed. The students were not allowed to
return to a previously answered question. Response times
were computed as the difference in time stamps between the
displays of consecutive questions.
III. RESULTS
Table I shows the average time taken for correct htcorr i and
incorrect htinc i answers on the FCI, both before and after
instruction. Before instruction, the average correct answer
C 2013 American Association of Physics Teachers
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Table I. Average time taken (in seconds) for correct and incorrect answers
on the FCI pre-test and post-test.

Correct
Incorrect
Difference
a

htipre (s)

htipost (s)

htipost  htipre (s)

35.14
46.74
11.60a

38.84
59.24
20.40a

3.69a
12.50a

p < 0.001.

response time, htcorr ipre ¼ 35 s, is significantly shorter
(p < 0.001) than the average time taken to give incorrect
answers, htinc ipre ¼ 47 s. At the end of the semester, response
times increase significantly (p < 0.001) for all answers
ðhtcorr ipost ¼ 39 s; htinc ipost ¼ 59 sÞ, and incorrect answers take
50% longer than correct answers on the post-test. We used
non-parametric tests to evaluate statistical significance
because response times do not distribute normally, a finding
consistent with the literature.15
Figure 1 shows a histogram of the response times for correct and incorrect answers for a typical question. Looking at
individual FCI questions, we expect “longer” questions to
have greater response times. Although questions with more
words are longer, many FCI questions also contain pictures.
Determining question length is non-trivial: the time needed to
parse a picture cannot be compared easily to the time taken to
read text. To control for question length, we examine student
response times on each FCI question individually and compare the time taken to answer a given question before instruction with the time taken to answer the same question after
instruction. If no association is expected between correctness
and response time, then responding correctly should take
more time for half of the questions and less time for the other
half. We determine the number of questions for which htinc i is
greater than htcorr i, both for the 1992 version (29-item) of the
FCI and the 1995 version (30-item) and calculate the related
binomial probabilities. On the 1992 version of the FCI, htinc i
is greater than htcorr i for 26 out of 29 items (p < 0.0001)
before instruction and for 27 items (p < 0.0001) after instruction; on the 1995 version of the FCI, htinc i is greater than
htcorr i for 25 out of 30 items (p ¼ 0.0001) before instruction
and for 28 items (p < 0.0001) after instruction (Table II).16
Figure 2 shows the dependence of students’ average
response times for incorrect answers on their pretest score.

Fig. 1. Distribution of response times for incorrect and correct answers on a
typical FCI question (question #13 on the 1992 version of the FCI).
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Table II. Number of questions for which htcorr iis smaller/greater than
htinc ion the 29-item 1992-version and on the 30-item 1995-version of the
FCI; both at the beginning (pre-test) and end (post-test) of the term.
# questions with
htcorr i smaller
than htinc i

# questions with
htcorr i greater or
equal to htinc i

v2

26
27
25
28

3
2
5
2

p < 0.0001
p < 0.0001
p < 0.0001
p < 0.0001

1992 FCI pretest
1992 FCI posttest
1995 FCI pretest
1995 FCI posttest

The data show a small increase in average time on incorrect
answers as background knowledge increases. The correlation
between pretest score and htinc ipre is quite small (FCI-1992:
r ¼ 0.035; FCI-1995: r ¼ 0.053).
Figure 3 displays the number of correct and incorrect
answers for each confidence level (0 ¼ just guessing, 1 ¼ not
quite sure, 2 ¼ very sure). Few students rate their answers
with low confidence and the majority of questions were
answered correctly and with high confidence.
Figure 4 shows the average response times for each confidence level on the pretest, htipre . We find similar trends for
posttest answers. Because of the large sample size, the standard errors are very small: 1.32 s, 0.43 s, and 0.18 s for confidence levels of 0, 1, and 2, respectively. Response times
decrease significantly (p < 0.05) with each increment of
expressed confidence. When students are guessing (confidence level 0), there is no significant difference in response
time between correct and incorrect answers. However, we do
observe significant differences at confidence levels 1 and 2.
IV. DISCUSSION
A. Incorrect answers take more time
When response times are used in perceptual-motor tasks,
“speed-accuracy tradeoffs” become important. A speedaccuracy tradeoff describes the idea that the faster participants try to accomplish a perceptual-motor task, the likelier
they are to make errors. With respect to conceptual questions, we find a reversed speed-accuracy relationship because
correct answers are given faster than incorrect ones.
Conceptual surveys such as the FCI are built using
common-sense beliefs that can act as strong distractors.11,17

Fig. 2. Average response time for incorrect answers on the pre-test as a function of the pre-test score.
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Fig. 3. Number of correct and incorrect answers on the pretest for each level
of confidence.

Common-sense beliefs are often portrayed as “very stable,
and conventional physics instruction does very little to change
them.”17 These are ideas that “have been firmly held by some
of the greatest intellectuals in the past, including Galileo and
even Newton. Accordingly, these common-sense beliefs
should be regarded as reasonable hypotheses grounded in
everyday experience.”18 When the FCI was published, interviews with introductory physics students found that students
usually have concrete explanations for their answers.11
If students’ incorrect answers are common-sense beliefs
derived from everyday experiences, then one would expect that
students choose these distractors automatically, yielding short
response times. However, our data show that incorrect answers
systematically take more time than correct ones, indicating that
the distractors are not automatic choices for our population.
This result might be due to our sample selection, which is heavily biased toward high-background knowledge students. In
Fig. 1 we report the dependence of incorrect response times on
background knowledge. We only find a weak dependence of
incorrect response time on background knowledge.
B. Posttest takes more time
The ability to perform better on a test that has previously
been seen is often referred to as a “practice-effect.” Our findings go against the idea of a practice effect because if students
were familiar with the questions, one would expect shorter
response times on the post-test, whereas we find longer

response times. The data in Table I show that students take
more time on FCI questions after instruction, even though
they have seen the same test at the beginning of the term.
We have also reported that correct answers have shorter
response times. However, although there are more correct
answers after instruction, we find on average that student
response times increase at the end of the semester. One possibility for longer post-test response times could be how students “frame” the questions.19,20 Before instruction, students
may view the conceptual questions on the FCI as “simplistic”
questions, not “real physics” questions. During a semester of
Peer Instruction,21 however, the students discover that they
get many of the conceptual questions in class wrong, forcing
them to rethink their understanding when answering conceptual questions. At the end of the semester, students may no
longer see conceptual questions as simplistic but rather frame
them as questions that may require application of physics concepts. Longer response times suggest that students spend more
time thinking about the question after instruction.
C. Response time decreases with increased confidence
Figure 4 shows that confident students take less time to answer FCI questions, indicating they spend less time weighing
alternatives. Interestingly, these students spend more time
thinking about incorrectly answered questions than about correctly answered ones. This finding suggests that these incorrect
answers that reflect common-sense beliefs are not automatic
choices even when student express confidence in them.
Finally, the data in Fig. 3 show that most students in this
study are highly confident in their answers. When students
are just guessing, the number of questions answered correctly almost matches the number of questions answered
incorrectly. This suggests that these students who state they
are just guessing are likely to be choosing between two
answers, one of which is correct. Therefore, students may
not be randomly guessing between all five choices.
Our findings are limited by the selective nature of the student population in this study and, to some degree, the inclusion
of the time taken to choose a confidence level within reported
response times. To control for background knowledge, we
correlated pretest score with response time, but did not find a
significant correlation. To control for the time taken to rate
confidence levels, we compared right and wrong answers at
similar confidence levels and found that wrong answers take
significantly more time except when students are guessing.
V. CONCLUSIONS

Fig. 4. Average response time for correct and incorrect answers at each level
of student confidence. The error bars indicate one standard error.
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In this paper, we show that response times provide insight
into students’ thinking on conceptual surveys. For our student population, incorrect answers take more time than correct answers, showing that commonsense distractors do not
trigger automatic responses from students. We also find that
students take longer on post-test questions than on pre-test
questions, which argues against the notion of a practiceeffect on the FCI. Finally, we find that average response
times decrease with increased confidence.
Taken together, our results suggest that response times can
help assess how students are thinking about a concept. Quick
incorrect responses suggest automatic alternate conceptions.
Quick correct responses suggest a well-ingrained Newtonian
concept. Slow responses suggest a hybrid conceptual state
with neither correct nor incorrect automatic responses. Thus,
Lasry et al.
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response times can augment the diagnostic power of the FCI
and provide an additional interesting metric for research.
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