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Disparities in student outcomes, including gendered performance differences, are
widespread in introductory physics and other STEM courses. STEM education
researchers have investigated many course and student factors that could contribute
to these inequities, including class size, test formats, assignment weightings, and
students’ sense of belonging. These inequities are often largest in the timed, multiple-
choice, high-stakes exams that characterize so many traditional introductory STEM
courses. Time pressure is widely believed to influence student outcomes on these
exams, reducing overall performance and perhaps exaggerating widespread group
performance disparities. Reducing time pressure for students by providing more test-
taking time is a small, structural change that could have large impacts on student
performance and could differentially affect students. To explore this possibility, we
offered all 596 students in our introductory physics course a 50% extension in test-
taking time and collected data on exam performance, student demographics, and
the time each student took to complete each exam. We made careful comparisons
of student performance to historical data, across demographic groups, and across
time usage on the exams using both raw exam scores and a “Better Than Expected”
measure that compares student performance in the course under study to their
own performance in other courses. While students overall scored slightly higher with
extended exam time, we found that extended time did not reduce the well-established
disparities in student outcomes categorized by sex, race/ethnicity, or college generation
status present in our introductory physics course. These findings both indicate that
extending exam time is not a simple fix for disparities in student outcomes and reinforce
that systemic changes towards more authentic assessments of STEM knowledge and
capabilities are imperative.
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INTRODUCTION

Teaching and learning in large introductory STEM courses
rely on many moving parts. Instructors must be able to
convey information, offer learning opportunities, encourage
engagement, deliver assessments, and efficiently assign grades to
each of their many students. As a result, grades in these courses
often rely heavily on high-stakes, timed exams, often delivered
synchronously to hundreds (even thousands) of students in
multiple-choice formats. A common argument made in favor
of this practice is that timed exams allow simple and fair
comparisons to be made among students tested on the same
material over the same period of time (Brooks et al., 2003).
Multiple-choice examinations are simple to score, with results
that seem to admit no ambiguity (Lemann, 2000). There are
objections to this form of evaluation as well; that it is inauthentic,
replacing expression of reasoning with selection of an answer
choice; that it prevents testing of material which is intrinsically
ambiguous; that few instructors have the training or experience
needed to write valid questions in this format; and that there are
issues of fairness tied to the order of the questions posed (Balch,
1989; Haladyna and Rodriguez, 2013).

Another important concern is that limiting the time available
to students may have adverse effects on student performance.
In testing, “time pressure” refers to the cognitive and emotional
impacts of having a limited amount of time available to complete
a task (Amabile et al., 2002; De Paola and Gioia, 2016; Caviola
et al., 2017). The literature on the effects of time pressure on
students is mixed. Some studies have shown that time pressure
during tests leads to greater anxiety in students (Davies, 1986;
Zeidner, 1998). Others argue that reducing the time pressure
on exams differentially affects female math performance (Miller
et al., 1994). Still others claim there is no differential effect
for women and minorities, but there are benefits for lower-
performing students (Bridgeman et al., 2004). Most of these
studies have evaluated standardized tests like the GRE R©1 or
college entrance exams.

Our choice of introductory physics for this experiment
arose from the long-standing evidence of gendered performance
differences (GPDs) on exams in these and other STEM courses
(Kost et al., 2009; Eddy et al., 2014; Brewe and Sawtelle, 2016;
Eddy and Brownell, 2016; Koester et al., 2016; Ballen et al., 2017;
Matz et al., 2017). However, many introductory STEM courses
also feature performance and enrollment disparities among
students based on additional demographic and background
characteristics irrelevant to STEM knowledge and capabilities,
such as race and ethnicity, income, and disability status2

(Alexander et al., 2009; Brewe et al., 2010; Kalender et al.,
2017). Students who are first-generation college students, often
in combination with other identities such as low-income or
underrepresented minority-status, often experience barriers to
STEM success (Kezar and Holcombe, 2017). The prevalence of
outcome disparities for students of varying backgrounds that
are unrelated to STEM knowledge indicate this is a problem

1https://www.ets.org/gre
2https://www.nsf.gov/statistics/2017/nsf17310/data.cfm

of fairness (Van Dusen and Nissen, 2017; Henderson et al., 2018;
Traxler et al., 2018). We have created a system that is unfair, and
it is imperative that we make changes to support all our students.

Attempted solutions for reducing achievement gaps in STEM
often focus on changing students, changing course structures,
or creating new programs to support students (Ballen and
Mason, 2017; Harris et al., 2019). Examples of student-focused
changes include social psychological interventions, which have
been shown to sometimes benefit underperforming students
(Miyake et al., 2010; Yeager and Walton, 2011; Yeager et al.,
2013). However, these interventions can be difficult to replicate at
scale, given the sensitivity of the interventions to stealth and the
way they are represented (Kost-Smith et al., 2011; Gutmann and
Stelzer, 2021). In addition, student-focused changes imply the
students are the ones with the problem that needs to be fixed. This
deficit thinking that blames the students for underperforming
avoids the real problem that the systems we have put in place do
not support these students (Valencia, 1997; Davis and Museus,
2019). We argue that the students are working in an environment
that is not supportive and are underperforming as a result. So,
the courses need to change. Course-focused changes may involve
changing the format of tests, the weightings of assignments in
the class, the style of instruction, the activities used in class,
or even class sizes (Ballen et al., 2018; Salehi et al., 2019).
Salehi et al. (2019) recommended extending the time given to
students for their exams as a mechanism for reducing student
anxiety. This is a simple structural change with the possibility
for large effects. In this study, we evaluate the effects of extended
time on college students in introductory physics to understand
whether time pressure on exams differentially affects females and
minoritized students.

We address three research questions in this study:

1. How do performance differences between different
demographic groups change when the course is
restructured to alleviate time pressure on exams?

2. Does overall student performance increase when the course
reduces the time pressure by providing longer time limits
for exams?

3. Do students with different identities use their extended
time differently?

MATERIALS AND METHODS

This experiment took place in a first semester calculus-based
introductory physics course at the University of Michigan,
“Physics 140.” Like many other introductory physics courses,
this course employs timed, multiple-choice exams to assess its
students. We sought to determine whether and how extending
the time available for students to work on exams might impact
the performance gaps present for different student groups, and
the overall performance of all students.

The treatment for our study was allowing 50% more time
to all students on each of their four exams during the Winter
2018 term. We extended time by as much as we could. We
could not extend the time by more than 50% due to limitations
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in exam room availability. Because this was an experiment of
practice, taking place in a real classroom rather than a laboratory
setting, a random controlled trial was not ethically feasible. Thus,
the control for this experiment is the historical performance
data for this class.

Local Context
Physics 140 is an introduction to classical mechanics course
intended for students planning to major in engineering and the
physical sciences. The course typically enrolls 600–700 students
per term, about 70% from the College of Engineering and the
remainder from the College of Literature, Science, and the Arts.
The course meets for 4 h per week in large lecture sections and
requires concurrent enrollment in a 2-h lab course. The majority
of students in Physics 140 are classified by credit hour completion
as freshmen or sophomores. In fact, a substantial majority of
students are in their first year on campus; many are classified as
sophomores due to AP credits.

Due to the nature of the course and its place early in students’
educational trajectories, there is some level of attrition over the
semester as students shift into the physics track most compatible
with their level of preparation. For example, 660 students took the
first exam, while only 621 took the final exam. In order to evaluate
the results of this experiment over a consistent population, we
have restricted our analysis to the 596 students who completed
all four exams and for whom we had the demographic data
described later in this section. All of our following calculations
are made with respect to this total. We recognize that the students
who left before the end of the course may have experienced the
extended time on exams differently, and by removing them from
our sample we are not looking at those potential effects. However,
the focus of our study was on student performance and time
usage throughout the full course.

We note that when students enter the University of Michigan
they are asked to indicate their sex, not gender, and the data is
reported as “Female,” “Male,” or “Unknown.” Throughout this
paper we use the term “gendered performance differences” rather
than “performance differences by sex” because this is likely the
more familiar term to our audience. However, we note that the
variable we are using is student-reported sex, and this variable did
not capture any identities other than female, male, or unknown.
During the term of our experiment, 38% of the class self-
identified as female. This percentage differs from the university’s
50–50 split of male and female students, largely because the
majority of Physics 140 students come from the College of
Engineering where the fraction of female students is 27%.

University of Michigan students, both domestic and
international, self-identify at the time of enrollment into
race/ethnicity categories which include White, Black, Asian,
Hispanic, Hawaiian, Native American, and “2 or more.” For
this paper, we identify students who self-identify as Black,
Hispanic, Hawaiian, Native American, and “2 or more” as
underrepresented/marginalized (URM). Because students of
mixed race are among those historically underrepresented in
STEM, we have included them in this category regardless of their
combination of racial identities. For this reason, we do not use
the term PEER (persons excluded because of their ethnicity or

race) for our following analysis, since this refers to a specific set
of racial and ethnic groups (Asai, 2020). It is important to note
that regardless of whether we use “PEER,” “URM,” or another
acronym, none of these groupings fully reflect what is going on
for these students in our courses or their broader educational
and societal context. We make the assumption that students who
identify under “2 or more” racial/ethnic groups have similar
systemic barriers in STEM as Black, Hispanic, Hawaiian, and
Native American students. We group White and Asian students
together because they are not underrepresented in this course,
because they historically have had the highest average grades
in this course, and because the U.S. Department of Education
has found they have similar bachelor’s degree completion rates
(Office of Planning, Evaluation and Policy Development and
Office of the Under Secretary, 2016). Thus, our comparison
is between the students who fall under our URM category,
and White and Asian students who we categorize as “Racial
Majority.” The URM group includes 22% of all Physics 140
students. Students who did not self-report their race/ethnicity
are noted as “Race/Ethnicity Unknown” in our analysis.

Students also self-report the maximum level of education
completed by their parents, which allows us to determine whether
students are first-generation college students or continuing-
generation college students. In this paper, students who reported
their parents as having completed “Elementary school only,” “less
than High School,” and “High School diploma” are identified
as first-generation. Students who reported having a parent
completing “Some College,” an “Associate’s degree,” a “Bachelor’s
degree,” a “Master’s degree,” a “Doctorate,” or a “Professional
Doctorate” are flagged as continuing-generation. Students who
did not respond or answered “Don’t Know” were designated as
“College Generation Unknown” for our analysis. First-generation
students comprised 9% of the class during the term under
consideration. Table 1 shows the numbers associated with each
identity status in the student population included in this study.

Historically in Physics 140, 52% of a student’s grade is
determined by their performance on the three midterm exams
and the final exam. Students are given 90 min to answer 20
multiple-choice questions for the midterms, and 120 min to
answer 25 multiple-choice questions for the final. Generally
students receive the highest grades on the first exam, which
covers kinematics and Newton’s Laws. Their lowest average grade
is usually on the second exam, which deals with rotational
dynamics and energy. The third and final exams are somewhere
in the middle, where the third exam covers topics including
universal gravitation, oscillations, and angular momentum, and
the final is cumulative.

The other 48% of a student’s grade is made up of homework
performance, lab scores, and in-class participation. Because most
students receive relatively high scores in these categories, grades
are largely differentiated by midterm and final exam scores. This
reality is apparent to students, who understand the importance
of exams. This paper focuses on student performance on the
exams, since this is where the stakes are high, time is limited,
and performance differences between different groups of students
have been observed in the past (Koester et al., 2016; Matz et al.,
2017). In many cases, performance differences occur only in
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TABLE 1 | Number of students in each identity group in Winter 2018, with race/ethnicity and maximum parental education used to determine college generation
disaggregated by the categories used by the university.

Category Count

Sex Female
229

Male
367

Unknown 0

Race/ Ethnicity URM (129 total)
Hispanic (69); 2 or More (32);
Black (<30); Native Amr (<10)

Racial Majority (440 total)
White (333);
Asian (107)

Unknown 27

College Generation First (55 total)
Elementary school only (<10); Less
than High School (<10); High
School diploma (45)

Continuing (528 total)
Some College (11); Associate’s
degree (15); Bachelor’s degree
(156); Master’s degree (224);
Doctorate (43);
Professional Doctorate (79)

Unknown 13

exams (Cotner and Ballen, 2017), emphasizing the importance of
studying this mode of evaluation.

Experimental Design
We studied the performance of students in Physics 140 in the
Winter 2018 semester. There were four lecture sections of this
class, although for the purposes of this study we only focus on
the three large, traditional sections. The fourth enrolls only 30
students, operates more as a discussion section than a lecture
section, and serves a self-selected group of students.3 The three
lecture sections for this study served about 200 students each.
Two instructors led these three sections, with the first leading one
and the second leading two. While these three large sections meet
in a traditional lecture hall, they employ active learning practices
rather extensively. Students prepare for class in advance both by
reading their text and completing video/question assignments
in an online homework system called FlipItPhysics.4 During
each class period students are presented with 6–12 multiple-
choice physics questions which they consider collectively then
answer individually using electronic response units. These
questions often lead to discussion, and some class time is
also devoted to instructor-led discussion of example problems.
Students complete weekly online homework assignments using
the Mastering Physics system.5

All of the Physics 140 exams took place in quiet lecture
halls outside of class time. Students were assigned to rooms
alphabetically and based on their lecture section. Six rooms were
used for the three lecture sections. Proctors were also employed
to help distribute and collect exams, answer students’ questions,
and enforce exam-taking rules. Students were provided with all
necessary equations and constants on the exam form. They were
also invited to prepare a single 3 × 5” card with notes for each
of the exams. Alternate exam rooms and times were provided for
students with testing accommodations or time conflicts.

As stated earlier, the treatment of 50% more time was
determined by room and proctor constraints. We sought to give
as much extra time as was available within these constraints. To
track the time students spent on the exams, we used card readers.

3https://lsa.umich.edu/csp
4https://www.flipitphysics.com/
5https://www.pearsonmylabandmastering.com/northamerica/masteringphysics/

When a student turned in their exam, they would swipe their
student ID card through the reader and their ID information and
a timestamp would be recorded in an Excel file. The timestamps
provided the date, hour, minute, and second that the card went
through the reader. If a student did not have their ID card with
them, we would note down their name in the Excel file, which
would then automatically generate the appropriate timestamp.
To keep the room quiet for the remaining test takers, we did not
allow students to leave the exam room in the last 10 min of the
exam. This was consistent with past exam practices under normal
time conditions. Thus, any student who finished their exam with
10 min or less remaining was recorded as having finished at the
end of the exam.

Across all four exams, students completed a total of 85
multiple-choice questions. Of the 85 questions, 38 were repeated
from previous exams and chosen for this study to allow for more
direct comparisons on performance with and without extra time.
We refer to these 38 questions throughout this paper as the
“Repeated Questions.” While students are provided with many
prior exams for study purposes, these Repeated Questions were
drawn from exams which, to the best of our knowledge, were
unavailable to them.

Repeated Questions
The 38 Repeated Questions chosen for this study were chosen
according to a variety of criteria. First, we limited our scope
of possible questions to Winter semesters since historically
the performance distribution of Physics 140 students is not
consistent between Fall and Winter terms. One of the instructors
hand-picked the Repeated Questions well before the Winter 2018
semester started, to ensure the content of the questions were
aligned with the course. By choosing the questions well ahead of
the term and then not referencing them again, the instructor did
their best to teach content as usual, without any special regard for
the Repeated Questions.

Our second check was to pick semesters based on the
likelihood of their exam questions being available to our Winter
2018 students. We have a system on campus, Problem Roulette,6

that allows students to study for their classes by practicing
with old exam questions. We intentionally chose our Repeated

6https://problemroulette.ai.umich.edu/home/
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Questions from exams that had not yet been made available on
this service. Our Repeated Questions came from the 2013, 2014,
2015, and 2016 Winter semesters.

Next, we restricted the level of difficulty of the questions.
We wanted to use questions that were neither too challenging
nor overly simple for the students. To find this happy medium,
we looked at the 295 exam questions from the last several
years that satisfied our above checks, and only chose questions
where more than 25% of students answered correctly, but less
than 90%. The majority of these questions would be considered
application questions under the revised Bloom’s Taxonomy.7 We
acknowledge that we did not use the standard classical test theory
bounds when picking these questions. Unlike in classical test
theory, we were not trying to spread students as much as possible.
Our goal was to provide feedback to students on their progress
toward the class learning goals.

RESULTS

Disparities in Student Outcomes
To address our first research question, we examine whether
performance differences between groups of students changed
when all students were given more time on exams. To make
this comparison, we calculate the performance differences
on the Repeated Questions during the standard time terms
(Winters 2013–2016) and the extended time term (Winter
2018). Figure 1 shows performance on the Repeated
Questions, comparing prior terms to Winter 2018 and

7https://cft.vanderbilt.edu/guides-sub-pages/blooms-taxonomy/

comparing along sex, race/ethnicity, and college generation.
We include this figure to provide context for our analysis
in this section.

We use a Better Than Expected (BTE) measure to be able to
compare students of various educational success and preparation
on one scale (Wright et al., 2014). As the name suggests, this
score indicates the extent to which a student performs better
than we or they might expect, given their prior performance.
In this case, our prior performance measure is the cumulative
Grade Point Average of a student from all of their other classes at
the university through the end of the term under consideration.
We call this value GPAO (Koester et al., 2016). Since GPAO is
calculated after the term is complete, we can use this measure for
any student, including first-year students. GPAO has also been
found to be a good indicator of success (Wright et al., 2014), so
we feel comfortable using it here as a proxy for prior performance.

For each student in the standard time and extended time
terms, we calculate a “BTE Score for Repeated Questions.” BTE
scores are calculated as the difference between a student’s grade
and their GPAO, normalized on a 4.0 scale. For a BTE Score
for Repeated Questions, this is the difference between a student’s
average grade on the Repeated Questions and their GPAO.
In this way we can compare student performance relative to
their own performance in other spaces (GPAO), instead of to
each other. For each student we divided the total number of
Repeated Questions they answered correctly by the total number
of Repeated Questions they had the opportunity to answer. We
then multiplied this ratio by 4 to be on the same scale as GPAO.
Since the Repeated Questions were selected from across several
terms and exams, students in the Prior Terms only had the
opportunity to answer a small subset of them during their regular

FIGURE 1 | Performance on Repeated Questions for different demographic groups. Prior Terms had standard exam time; Winter 2018 term had extended exam
time.
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exams. The Winter 2018 students who completed every exam,
however, were exposed to all of the Repeated Questions.

BTERQ = GradeRQ − GPAO

For this analysis, we have grouped students within three
demographic categories. First, we compare males and females.
Second, underrepresented/marginalized (URM) students
compared to racial majority students. Third, first-generation
students compared to continuing-generation students. All of
these classifications are based on how students self-reported
when they entered the university. We do not include students
in our following analyses for whom we did not know how they
self-identified. We recognize that this analysis approach is not
an ideal way to make student comparisons, as it disregards
many aspects of the complex, intersectional nature of identities
(Crenshaw, 1990; Traxler et al., 2016; McKay et al., 2018). It
does represent a step beyond much previous work, including
our own, which has focused only on the gender-binary (Traxler
et al., 2016). Further, given the relatively low numbers of students
if we were to look at multiple dimensions of student identity
at once, such as females that also identify as Black, we would
be unable to make claims in accordance with statistical rigor.
In our future work, we plan to extend our scope to qualitative
analyses that allow us to better represent the intersectional
experiences of students.

To compare performance differences in each of these
demographic categories for the prior (standard time) terms and
the Winter 2018 (extended time) term, we calculate the average
BTERQ for each identity group for the prior terms and the Winter
2018 term. Figure 2 shows the average BTE Score on Repeated
Questions for each identity group in the prior terms versus
Winter 2018. We note that all identity groups have negative
average BTE scores. This is because on average, our introductory
physics course gives lower grades than the other courses students

take. Standard errors on the average BTE scores were determined
by a 1,000 iteration bootstrap resampling.

Figure 2 shows there are differences in average BTE
scores in all three demographic categories. Our first research
question probes at whether the differences change from the
prior terms to Winter 2018. To show this more clearly, we
calculate “performance differences” based on BTE scores for each
demographic category by subtracting the majority group BTE
(male/racial majority/continuing-generation) from the minority
group BTE (female/URM/first-generation).

1BTE =
〈
BTERQ

〉
minority −

〈
BTERQ

〉
majority

We plot the results of this calculation in Figure 3. We find that
there is a small, significant difference in gendered performance
difference between the standard time terms and the extended
time term, with the gendered performance difference becoming
slightly larger in the extended time term (BTE: 0.07). There is also
a small, significant difference in the race/ethnicity comparison
(BTE: 0.08). The performance difference between URM and
Racial Majority students, which initially slightly favored URM
students in the standard time terms, changed to now slightly favor
the Racial Majority students in the extended time term. There
was no significant difference in performance difference related
to college generation status. A Wilcoxon test, Mann–Whitney
U test, or other statistical test to calculate p-values was not
appropriate here. The comparisons we are making are between
two differences (i.e., the gendered performance difference in
the prior terms versus the gendered performance difference in
Winter 2018). We are not comparing a distribution of scores
where we could use one of these statistical tests to assess how
different the distributions are. Thus, significance is determined
by the size of the error bars, which represent standard error. If the
standard time term and extended time term error bars overlap in
Figure 3, the change in performance difference is not significant.
Despite these statistically significant shifts, it is important to

FIGURE 2 | Performance differences in BTE scores for different demographic group comparisons. Prior Terms had standard exam time; Winter 2018 term had
extended exam time.
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FIGURE 3 | Difference in BTE scores for each comparison group.

remember the scale of the change. A BTE value of 0.07, when
converted back to a percentage score on the Repeated Questions,
is only about 2%.

Overall Better Than Expected
Performance
This paper would not be complete without sharing the results
of overall performance for students. Even if the extended time
did not result in reduced gendered performance gaps as we had
hoped, our hypothesis was that students would perform better
overall when given extra time. We address Research Question 2
in this section.

To answer this question, we looked both at BTE scores
and raw performance on the Repeated Questions. For BTE,
this time we look at average BTE scores in the standard time
terms versus the extended time term, rather than splitting
this up by demographic category. We found no significant
difference in BTE scores. Figure 4 shows there was a small
but significant improvement in raw performance of about 2%
from the standard time terms to the extended time term. For
consistency, significance is again determined by the size of the
error bars, which represent standard error.

It is important to note that it is possible that differences
in instruction are actually responsible for the shift in overall
performance. If that is the case, our observed small improvement
in performance might overestimate the impact of increased time.
Of course, it is also possible that differences in instruction
harmed overall performance, in which case the observed shift

in performance might underestimate the impact of increased
time. Absent better information, we interpret the small but
statistically significant shift in performance as a reasonable bound
on the impact of extra time: it is unlikely that extending time
improved performance by much more than about 2% on these
Repeated Questions.

Time Usage
To explore our third research question, we dig deeper into the
time data we collected from students in the Winter 2018 term.
Unlike in our above analyses, we cannot make many comparisons
to the standard time terms. We only collected time data for
one standard time term, and the data indicated the majority of
students used all 90 min of the midterm exam time. This is not
the case for the students with extended time. So, in this section
we study the Winter 2018 exams in full, instead of limiting our
analysis to the Repeated Questions.

To simplify comparisons of time usage, we group students
into different time cohorts. This grouping is done algorithmically,
using k-means clustering with the Ckmeans.1d.dp R-package,
which is tailored to univariate k-cluster analysis (Wang and
Song, 2011; Song and Zhong, 2020). For each of the four exams,
the scree plot indicated three clusters as most appropriate,
which was supported by a clearly trimodal structure in their
respective Kernel Density Estimate distributions. For clarity,
we labeled the three time cohorts as “Early,” “Middle,” and
“Late” departures. The time classification for each student was
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FIGURE 4 | Comparison of overall performance on Repeated Questions for Prior Terms and Winter 2018. Note the overall scale of the y-axis when comparing
performance between terms.

determined separately for each exam, so some students shifted
across cohorts throughout the semester.

We also performed a bivariate cluster analysis including both
time and exam performance data for each student using the
MClust package for R (Scrucca et al., 2016), but identified no
meaningful patterns. Clusters typically stratified along the time
axis only. We therefore chose to restrict our clustering analysis to
the cleaner and more interpretable univariate time data.

Separate analyses for each of the demographic categories (sex,
race/ethnicity, and college generation) revealed that the cluster
centers were very similar across all groups. For both females and
URM students, cluster centers sat within 2 min of the overall
center values. First-generation students aligned with the rest
of the population for the Late cohort, but skewed somewhat
earlier for Early and Middle cohorts. In Exams 1 and 3, both of
these clusters centered more than 5 min earlier than the overall
clusters, with a maximum deviation of 14.2 min for the Early
cohort of Exam 3. However, given the overall excellent alignment
of clustering behavior, we elected to assign consistent cluster
(cohort) values to the whole population.

Although the time cohort of individual students varied from
exam to exam, the mean time spent by each cohort remained
relatively consistent. The mean time of each cohort, for each
exam, along with the number of students in each cohort, is shown
in Table 2.

The key pattern to emerge after assigning each student to a
time cohort linked time spent on exams and general academic
success as reflected by GPAO. As is shown in Figure 5, students
who perform well in other classes (higher GPAOs) appeared
to be more likely to take advantage of the additional time
provided, often remaining to the end of the extended time.
Both majority and minority groups in our three dichotomous
categories followed similar patterns of time usage and GPAO.

TABLE 2 | Mean time spent by each cohort on each of the three midterm exams
and the final in Winter 2018.

Exam Early cohort Middle cohort Late cohort

Time (min) N Time (min) N Time (min) N

1 77.0 160 102.4 199 132.3 237

2 86.3 48 113.5 160 133.9 388

3 87.8 85 111.1 133 134.0 378

4 98.6 161 136.7 197 175.1 238

There is a deviation from this pattern for students consistently
leaving in the Early cohort, which we attribute to a mix of
higher and lower achieving students, who likely had different
motivations for their early departure.

We also looked at ACT Math scores and found no discernible
pattern between ACT Math scores and students’ average time
cohort across the four exams. For the first two exams, there was
a negative correlation between ACT Math and how long students
spent on the exams, suggesting (reasonably) that in the first half
of the semester, students with better math preparation were able
to complete the exams in less time. However, by the third exam,
which covers material much less likely to be studied in high
school, there was no correlation between ACT Math and time
cohort. On every exam, there was a strong positive correlation
between ACT Math score and exam performance.

In keeping with some of the comparisons by demographic
groups we made earlier, we also looked at the proportion of
students who fell into the different categories in Figure 6. We
note that a larger proportion of females fell into the middle and
late cohorts than males. Also, a much larger proportion of first-
generation students fell into the early cohort than continuing-
generation students.
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FIGURE 5 | Average GPAO as a function of time usage.

We also calculated BTE scores for our different demographic
groups, comparing class grades to their GPAOs. Figure 7 shows
the average BTE score for each demographic group, separated
by the average time cohorts across all the exams. In general, we
do not see that the time spent on the exams had a significant
impact on individual group performance. For example, female
BTE scores are not statistically different for any of the different
time cohorts, where significance is determined by the size of
the error bars, which represent standard error. One statistically
significant result is that first-generation students who averaged
in the middle time cohort had 0.43 higher BTE scores than
first-generation students who averaged in the late time cohort,
which amounts to performing about 11% better on the Repeated
Questions. However, it is important to remember the relatively
small number of first-generation students in each of these time
cohorts, and the large error bars indicating the large spread
in the data, making it difficult to make strong claims about
this population.

To answer our third research question, students from different
identity groups did use the extended time differently. However,
there was not a consistent pattern of time usage for historically
marginalized groups and time usage did not seem to have a strong
connection to student outcomes.

DISCUSSION

Key Findings
This study allowed us to dig deeper into the relationship between
exam time and student performance. In brief, extending the

exam times by 50% did not have a large impact on either overall
performance or performance differences.

For our first research question, we examined performance
differences by comparing along sex, race/ethnicity, and college
generation status. We found that the historical gendered
performance difference favoring males increased slightly in the
extended time term. The historical race/ethnicity performance
gap slightly favoring underrepresented/marginalized students
flipped to slightly favor racial majority students in the extended
time term. The historical college generation performance
difference favoring continuing-generation students remained. To
our initial motivation to offer extended time as a way to reduce
gendered performance differences, we can answer that extending
time on exams was not an effective approach.

Our second research question focused on overall student
performance to anticipate likely questions we would receive
about this study. Yes, overall students performed slightly better
when provided with extended time on exams. This conclusion
is surely contextual. It tells us that, for exams prepared as we
typically do for this course, student performance is only modestly
enhanced, even when we offer students substantially more time.
This modest improvement in performance, without a reduction
in performance differences, is not enough to convince us to make
this extended time change permanent.

Finally, our third research question prompted us to examine
the data we collected on when students left the exam rooms
to assess how different students approached their exam time.
Our cohort analysis revealed patterns of student behavior
with respect to use of time. Students who are generally more
academically successful (higher GPAO) show a tendency to utilize
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FIGURE 6 | Proportion of demographic group by average time cohort.

more of the provided time than their peers. This correlation
between GPAO and time spent on exams was our most striking
observation from this data.

Other Possible Sources of Performance
Shifts
Collective performance of students in a large class can shift for a
variety of reasons. While the content of this course has remained
stable over the last decade, differences in presentation or
emphasis of content by instructors might influence performance
on particular topics. Changes to course design and instructional
style may also alter the learning activities in which students
engage, shifting learning outcomes substantially. For example,
it is now well established that active learning strategies can
lead to significant improvements in learning gains, though the
effects of active learning on traditional instructor-written exam
performance are observed to be smaller than those observed for
concept inventories (Freeman et al., 2014).

It is also possible that the characteristics of the students
enrolled in the class may have changed. Table 3 shows
the populations of all three minority student groups

(female/URM/first-generation) have increased over this period.
The representations of underrepresented/marginalized students
and first-generation college students enrolled in Physics 140,
while still low by national standards, are larger than these earlier
terms by roughly 50%. The enrollment of female students has also
increased, though more modestly. Given the large size of these
classes, term-to-term statistical fluctuations in (for example) high
school GPA or standardized test scores of students are small. But
selectivity of admission at the University of Michigan has been
changing over time, and this may imply systematic shifts in the
nature of the students enrolling in Physics 140.

Limitations
An important limitation of this study is our use of binary equity
measures, such as gendered performance differences, to evaluate
student performance (McKay et al., 2018). By comparing students
along distinct lines of sex, college generation, and race/ethnicity,
we overlook the reality that students identify with multiple,
overlapping identities and that our restrictive representation of
their identity, limited by institutional datasets, may not match
their personal beliefs. Research on how first-generation college
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FIGURE 7 | Class BTE scores by average time cohort and demographic group.

TABLE 3 | Changes in student demographics from standard time terms (Prior
Terms) to extended time term (Winter 2018).

Term Percent of class (%)

Female URM First Gen

Winter 2018 38 22 9

Prior Terms 32 13 5

students are defined indicate that decisions on these definitions
have implications on what inequities are identified and how they
may be addressed through policy change (Toutkoushian et al.,
2018, 2021). We also implicitly assume students are more similar
within the categories we establish than across them, and that it
is meaningful to group students in these ways. Aware of these
limitations, we made the decision to analyze our data in this way
in order to investigate the well-documented outcome disparities
in our course. We focused on the inequities the instructional
team were aware of and eager to fix, using this shared interest
to support our proposal to extend the allowed time on exams to
see if there were positive impacts on student performance.

Relatedly, our focus on outcome disparities in this study has
its own set of limitations. Gutiérrez and Dixon-Román (2010)
lay out several compelling reasons to reconsider STEM education
reform’s focus on achievement gaps, including that analyses are
often “static,” showing that inequities existed at a specific time
but not showing what created them, that the assessments used
are valid and appropriate to focus on, and that the goals of “gap
gazing” are to close the gaps and “make subordinate populations

more like dominant ones,” which can support deficit thinking.
Our experiment attempted to look at outcome disparities in a
more active, rather than static, way. We used historical data to
identify inequities, tested a classroom intervention to address
those inequities, and then measured performance again to see
how the intervention might have affected the inequities. We
investigate possible reasons for the inequities, rather than just
stopping after identifying them. We also question the efficacy of
our current assessments and offer alternatives later in this section.
While our analyses are based on comparisons between “minority”
and “majority” populations, we counteract deficit thinking by
focusing our experiment and recommendations on changes to
course structures and the supports offered to students, rather than
changes to students.

Another limitation of our study is that our results are only
for our standard multiple-choice questions in one specific course,
which are limited in what they can show us of student knowledge.
We do not know whether these results would be the same were we
to have asked more open-ended questions of students, or were
we to have tried this experiment in other courses. We offered
extended time again during the Fall 2018 term as another check
on this study and found similar performance differences in Fall
2018 as in Winter 2018.

Our Findings in Context
Prior research on achievement gaps and the role of test anxiety
led us to implement this study on extended exam time (Miller
et al., 1994; Salehi et al., 2019). While we found extended exam
time to be ineffective for reducing the historical performance gaps
related to sex, college generation status, and race/ethnicity found
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in our introductory physics course, there are other contexts where
this can be effective. For example, students with disabilities may
benefit from extended time on exams, although many researchers
raise questions of fairness in this context as well (Alster, 1997;
Lovett, 2010; Duncan and Purcell, 2020).

High-stakes timed examinations are used to evaluate student
performance in many large introductory science courses. While
the results reported here suggest that time pressure does not have
an important impact in Physics 140, many factors raise concerns
about the generalizability of this conclusion. First, this course has
been relatively stable for many years, providing the instructional
team with the opportunity to develop substantial experience in
the design and delivery of exams appropriate for this context.
Exam length and problem difficulty have been adjusted with
this experience in mind. If, by contrast, exams are developed by
instructors with less experience, or in environments which vary
more dramatically, extended time might play a more important
role in ensuring effective evaluation of students. Second, mean
exam scores in Physics 140 vary between 65 and 75%. They are
challenging, but not impossibly so: the bulk of students are able
to correctly answer the majority of questions. In courses where
exam scores are regularly lower than this, extended time may have
a much larger impact on student performance. It is also important
to consider the context of the course and the university in which
we completed this study. The majority of physics education
research is conducted in contexts like ours, focused on selective
courses in highly selective universities (Kanim and Cid, 2020). It
is difficult to know how other university and course contexts may
influence the impact of extended time on students and there is a
need to include more diverse sample populations in future studies
(Kanim and Cid, 2020).

Future Directions
Factors which might differentially impede or encourage the
success of students in a large introductory class are complex
and intersecting. Some hints of this are revealed in our
results: students with substantially higher prior success behave
differently, spending more time on exams when it is made
available. These differences in how students behave will likely
have implications on other efforts directed at impacting a whole
class, such as sense of belonging interventions (e.g., Binning
et al., 2020) or alternative grading approaches (e.g., McMorran
and Ragupathi, 2020). The studenting skills individuals possess
do not emerge from identity, but are merely more and less
likely to be acquired by students with different resources and
supports. These results reinforce the importance of ensuring
that all students are provided with effective support in
developing the skills which lead to success. As a result we
will continue to develop student-centered tools like ECoach,8

an electronic coaching system developed at the University of
Michigan to help students be better students in their classes,
which enables us to provide tailored student support at scale
(Huberth et al., 2015).

The use of high-stakes timed exams is nearly ubiquitous
across universities. To better study the effects of these exams

8https://ecoach.ai.umich.edu/WelcomeToECoach/

on students, it is imperative that we collaborate across
multiple institutions and engage in parallel data analysis and
coordinated experimentation. Once we can understand the
problems at our institutions and identify solutions as teams,
we can work together to improve our testing practices. Multi-
institutional parallel analyses serve many purposes. Larger
data sets make it easier to use statistical tests at the
intersections of student identities, where for single-institution
analyses there are often smaller numbers of students. For
example, in our analysis it was difficult to compare the
performance of first-generation students across the three time
cohorts (Figure 7), as seen by the large error bars, because
there are so few first-generation students in this course.
Another benefit of multi-institutional analyses is that contexts
are different, such as class environments and student and
instructor populations, which provides natural experiments
for understanding the impact of different conditions on
student experiences.

Ultimately, the pursuit of equity in large introductory courses
might best be served by moving away from timed, high-
stakes examinations as the primary form of student evaluation.
There is evidence that these evaluative schemes are themselves
associated with gendered performance differences (Koester et al.,
2016; Cotner and Ballen, 2017; Matz et al., 2017), and the
selection of answers to multiple-choice questions has never
been an authentic scientific activity. During the coronavirus
pandemic we have seen some promising changes in how
large introductory STEM courses conduct assessments, such as
moving away from timed exams, allowing students to use more
resources during their assessments, or switching to project-based
assessments. More instructors are recognizing the inequitable
systems their courses support and are seeking to improve
their assessments. Future studies on the classroom changes
made during this pandemic, and those that sustained after
the pandemic, would highlight structural factors that influence
student achievement. Ideally, education researchers will help
practitioners develop practical new ways to more authentically
evaluate student learning at scale. When they do so, they
should keep equity as a central measure of success, pursuing
methods of evaluation which provide all students with an equal
opportunity to succeed.
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