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Article History Summer break sets students in grades K-12 back by at least one month of
instruction and has the strongest impact on mathematics retention. This study

Received: investigates whether there is evidence of the summer gap effect at the university

12 October 2017 level for engineering students enrolled in the introductory calculus course

sequence, and possible demographic mediators. Five years of final course grades

OAﬁzﬁLe;: 2018 for students who took the summer off between the first two courses in the
y Introductory Calculus for Engineers course sequence were compared with grades
Keywords of students who took both courses in the same academic year. An analysis of

covariance and an analysis of difference scores were used to examine the effect
of summer break on grades in Calculus 2 and to control for time-invariant
characteristics, including aptitude. Results show that university students who
take the summer off lose the equivalent of about half a course grade more than
do students who take the two courses in the same academic year. The summer
break has the most impact on the strongest students, suggesting that it may
contribute to the loss of many talented engineering majors. Gender does not
mediate the summer gap effect, although international students outperform
students who are US citizens.
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Introduction

The motto “use it or lose it” succinctly captures the sad reality of what happens over time to skills and
capabilities that are not practiced. Examples of the positive effects of cognitive engagement over time, and the
corresponding negative effects of disengagement, come from studies of aging (Rohwedder & Willis, 2010), as
well as from seminal work in educational psychology on memory and learning (Ebbinghaus, 1964). Indeed, the
ability to retain knowledge can be thought of as one of the cornerstones of education since knowledge and
understanding are useless unless they can be remembered and applied.

The School Calendar in K-12 Education

In school, students must not only remember what they learn throughout the year, but they must also retain what
they have learned from one year to the next. However, the traditional 9-month school calendar, in which schools
open their doors in the fall and then close them during the summer months, was not designed with this purpose
in mind (Gold, 2002). Historically, the inclusion of a three-month summer break met the needs of a society in
which many families' schedules were tied to the agriculture cycle and in which air-conditioned school buildings
were not the norm. Over time, a significant decrease in the number of families involved in agriculture and an
increase in the ability to provide comfortable temperatures in classrooms made these considerations no longer
relevant. However, the summer-off calendar remained the norm in U.S. schools for many years. It was not until
the 1980’s that alternative school calendars became the focus of widespread interest and attention, due in part to
research showing how a lengthy summer gap affects student achievement (Barrett, 1990; Harris & Wallace,
2012; Skinner, 2014).

Prior to 1975, many studies, covering a range of different school grades and subject areas, found that summer
vacation has a detrimental effect on student achievement (Cooper et al., 1996). A meta-analysis of 13 studies
reported after 1975 corroborated these findings, and, furthermore, quantified the effect of summer vacation on
standardized test scores (Cooper, 2003; Cooper et al., 1996). By a conservative estimate, summer vacation sets
students back by one month of instruction, that is, it causes them to lose one month of grade-level equivalent
skills relative to national norms. The meta-analysis also revealed differences in the way summer vacation affects
different school subjects and skill areas. A lengthy summer break has a greater detrimental impact on
mathematics than on reading or language, perhaps because students have more opportunities (Murname, 1975)



350 van de Sande, & Reiser

and motivation (Geary, 1995) to read and learn new vocabulary during the summer than they have to practice
and learn mathematics. Within mathematics, summer loss has the most effect on skills areas that rely heavily on
knowing facts and performing procedures since these types of knowledge fade quickly in the absence of
sustained practice (Cooper, 1989).

The Academic Calendar in Post-secondary Education

Despite the growing push to restructure the K-12 school calendar to address summer learning loss, most college
academic calendars remain patterned after the traditional 9-month school calendar. Although alternative systems
(e.g., quarters or trimesters) are used by some colleges, the semester system, that partitions the academic year
into two 15-week sessions followed by a 3-month summer break, was used by 75% of colleges in 1930 (James,
1930) and remains the most popular academic calendar today (Smith, 2012).

The bulk of instruction thus takes place during the fall and spring semesters, although colleges may offer a
limited selection of courses over the summer in an abbreviated amount of time. For instance, a 15-week
semester course that meets 3 hours weekly in an academic year may be offered during the summer as a 6-week
course that meets 7.5 hours weekly. However, even though many higher education institutions now offer high-
demand courses during the summer, many students elect not to take them. For instance, at the university where
this study was conducted, approximately 80% of students who take the first course of an engineering
mathematics course sequence in the spring semester wait until the fall semester to take the second course in the
sequence, putting a large summer gap between these two closely related courses.

The Role of Introductory Calculus Instruction

Many students enter university with dreams of receiving a STEM degree, but then are forced to abandon their
dreams and switch to other majors. In fact, fewer than 40% of students fulfill their initial intent of completing a
STEM degree, and a recent study found that one reason that students departed from STEM majors was their
failure to succeed as well as they expected in required courses (Klobuchar, 2014). For engineering majors, the
introductory calculus course sequence is one such requisite. This course sequence is intended to be taken during
freshman year which is a critical time for student success and persistence in engineering (Moller-Wong & Eide,
1997). Thus, success in introductory calculus can be pivotal for completion of an engineering degree (Veenstra,
Dey, & Herrin, 2009).

Research Questions

Given the widespread adoption of the semester system and its similarity to the 9-month school calendar, the
main research question that this study addressed was whether the summer gap effect that has been well
documented in grades K-12 is also in evidence at the university level. We chose to focus our attention on student
success in the introductory calculus course sequence for engineering students for several reasons.

First, procedural mathematical knowledge is most affected by the summer gap in grades K-12, making
introductory calculus for engineering students with its focus on skills and applications a logical place to search
for a university summer gap effect. Second, introductory calculus instruction consists of a sequence of closely
related courses, so that the content of the second courses builds directly on the content of the first course.
Retention of the content learned in the first course is critical for success in the second course. Third, the
introductory calculus course sequence may be taken within a single academic year or across academic years, an
option that is selected by many students. These students must then retain relevant and requisite knowledge and
skills from the first course over a 3-month long summer break.

Finally, introductory calculus is critical for success and retention in engineering programs. Students need to pass
the introductory calculus course sequence in order to enroll in more advanced mathematics and engineering
courses. In keeping with the K-12 research, a secondary research question was whether individual differences,
such as gender and ethnicity, play a role as potential moderating influences of the summer gap effect at the
university level.
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Methods

Participants

Participants were undergraduate students at a large Southwestern university who enrolled in the first two
courses in the Introductory Calculus for Engineers sequence in a single academic year (Straight Through) or
with an intervening summer term (Summer Off), beginning in the 2010 academic year. Only students enrolled
for a grade in face-to-face courses were included in our sample since online sections have different course grade
criteria and include some unproctored exams. Table 1 shows the number of Straight Through (ST) and Summer
Off (SO) students for the five academic years for which data was collected.

Table 1. Number of participants by academic year and summer off status

Academic Year

Summer OFf 2010 2011 2012 2013 2014
Status

ST 451 611 751 717 665

SO 174 166 234 249 201

The average percentage of female ST students across academic years was 18.1%, slightly higher than the
average percentage of female SO students which was 17.3%. The majority of students were either freshman or
sophomores, with an average percentage of 91.4% for ST students and 80.3% for SO students across academic
years. Table 2 shows the average percentage of students by self-reported ethnicity across all academic years; the
category “Other” includes Native American and Alaska Native, Black and African American, Native Hawaiian
and other Pacific Islander, and students reporting multiple ethnicities, and ‘“Not Reported” refers to international
students who did not report their ethnicity.

Table 2. Ethnicity of participants by summer off status across years

Academic Year

SurggteursOff White Hispanic Asian Other Not Reported
ST 51.0% 18.6% 9.5% 8.4% 12.4%
SO 43.7% 20% 5.9% 8.9% 21.4%

The course sequence

Calculus 1 and Calculus 2 are the first two courses in the Introductory Calculus for Engineers course sequence
and are required for all engineering majors, as well as for some liberal arts majors. Calculus 1 includes topics
such as limits and continuity, techniques and applications of differentiation, and an introduction to integration.
The sequential course, Calculus 2, covers topics including techniques and applications of integration, sequences
and series, and parametric equations. Both of these courses require students to master numerous procedures and
skills, and many of the procedures taught in Calculus 2 build directly on those learned in Calculus 1. For
instance, in order to find Taylor series approximations in Calculus 2, students must use their Calculus 1
knowledge of the techniques for finding derivatives. Thus, not only is successful completion of Calculus 1 (in
terms of final course grade) a pre-requisite for enrolling in Calculus 2, but success in Calculus 2 hinges heavily
on the retention of skills and procedures taught in Calculus 1. Both Calculus 1 and Calculus 2 are offered in
face-to-face courses over 15 weeks (plus final exams) in fall and spring semesters. Although several sections of
each course are taught during the same semester by different instructors, the sections are coordinated so that
each section follows the same curriculum and has similar homework assignments and exams. Course grades are
calculated on raw percentages, rather than curved.

Data

For each of the five academic years, we collected the final course grades for students who were enrolled in all
face-to-face sections of Calculus 1 and Calculus 2, the first two courses in the Introductory Calculus for
Engineers course sequence. We therefore had paired Calculus 1 and Calculus 2 course letter grades for two
student cohorts in each year: ST students who took both courses within a single academic year, and SO students
who had an intervening summer term between the two courses. Course letter grades range from E to A+, and a
grade of W is given to students who withdraw from a course before a specified deadline. A grade of C or above
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in Calculus 1 is a prerequisite for enrollment in Calculus 2. For the purpose of analysis, these letter grades were
converted to numeric scores on the scale of 0 to 4.33, with grades of W assigned a numeric score of 0. We also
had access to self-disclosed declarations of gender and ethnicity.

Modeling

In addition to comparing percentages of successful completion of Calculus 2 and tracking the Calculus 2
performance of students who were most successful in Calculus 1, we used two statistical models, analysis of
covariance and analysis of difference scores, to examine the effect of the summer gap on grades in Calculus 2.
Because allocation of students to treatments (ST vs. SO) is not random, the analysis of covariance and the
analysis of difference scores have different interpretations regarding the effect of the summer gap. The analysis
of covariance model is given by

Yijklrsz =po+ Blyijklrsl + [¢4] +ye+Y+ G tug+ €ijkirs2

where Y;jxs, is Calculus 2 course grade, xxx is Calculus 1 course grade, a; is a fixed-effect for summer-off
status (ST vs. SO), y; is a fixed-effect for year k, ¥, is a fixed-effect for gender I, ¢, is a fixed-effect for
ethnicity r, v is a random effect for Calculus 2 class section s (i.e. instructor), and €; s> is random error. Itis
assumed that vg ~ N (0, 0,,%) and €;jxrs2 ~ N (0, 0:%), independent of vs. The model implies that measurements
on students within the same class section of Calculus 2 are correlated but measurements across different sections
and across years are independent. The test of the summer gap effect controls for Calculus 1 course grade, year,
ethnicity and gender. Since the model includes both fixed and random effects, it is known as a mixed model.
Since students are nested within classroom sections, it is also known as a nested-error model.

The test of the summer-gap effect in the analysis of covariance described above controls for Calculus 1 course
grade, year, ethnicity, and gender, but there are many student-level time-invariant covariates for which it does
not control. In particular, it does not control for mathematics aptitude. A covariate such as SAT score could be
used to attempt to control for mathematics aptitude, but this type of covariate was not available. So, we turn to
difference scores, which are commonly used in econometric applications because they remove the effect of
time-invariant covariates such as student aptitude.

At timepoint 1, which would be the time at which a student takes Calculus 1, the regression of calculus grade on

aptitude for student i would be Y;; = [?0(1) + B1X; + €;1, where X; is a time-invariant covariate such as student
aptitude. At timepoint 2, which would be the time at which student i takes Calculus 2, the regression of calculus

grade on aptitude would be Y;, = BO(Z) + B1X; + €;5. Then the difference score, D;, is given by D; =Y, —

Y, = ﬁo(z) - ﬁo(” + el-d, and the effects of any of any time-invariant covariates, including aptitude, are
removed from the difference score. In the educational research literature, the analysis of difference scores is
more commonly known as the analysis of gains (Cooper et al., 2009). The full model for the analysis of
difference scores is given by

Dijis = Bo + @ + Vi + Us + €jis

where D;jxs = Yijks2 — Yijist IS the difference score for student i nested in course section s in year k. ; is the
summer gap effect. It is assumed that v; ~ N(0,0,%) and €;jx;rs2 ~ N (0, 0.2), independent of vg. The model
implies that measurements on students within the same class section of Calculus 2 are correlated but
measurements across different sections and across years are independent. The test of the summer gap effect
controls for all time-invariant student characteristics and year, ethnicity, and gender effects are not included in
the model because ethnicity and gender are time-invariant covariates at the student level. Since the model
includes both fixed and random effects, it is a mixed model, as before.

When allocation to treatments (SO vs ST) is not random, the analysis of covariance and the analysis of
difference scores have different interpretations, a point made famous in Lord's Paradox (Lord, 1967). The
treatment effect in the analysis of covariance is interpreted as conditional on the covariates included in the
model. In the analysis of difference scores, the treatment effect is interpreted as unconditional, and the effect of
all student-level time-invariant covariates is eliminated.
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Results
Success rates

First, we sought evidence for the summer gap effect by comparing the success rates in Calculus 2 of SO and ST
students for each of the five academic years. As can be seen in Figure 1, a much higher percentage of SO versus
ST students failed to successfully complete Calculus 2 with a grade of C or above. Across academic years, an
average of 44.0% SO students received a grade of D or below in Calculus 2 or withdrew, compared with 20.0%
of ST students. Thus, students who have a summer gap between the two sequential courses perform much more
poorly than do students who take Calculus 2 directly after the completion of Calculus 1.

In case the striking difference in success rates could be attributed to the presence of more weak students in the
SO cohorts, we then looked for evidence of the summer gap effect on the strongest students in Calculus 1 (i.e.,
those who received a course grade of B- or above) by tracking their performance in Calculus 2, depending on
their summer off status. In particular, we looked at the percentage of strong Calculus 1 students who dropped at
least two grade levels in Calculus 2, for instance going from an A in Calculus 1 to a C or below in Calculus 2 or
from a B in Calculus 1 to a D or below in Calculus 2. As shown in Figure 1 (right), even the most successful
Calculus 1 students are affected by the summer gap. Across academic years, an average of 25.8% SO versus
11.9% ST students who received a grade of B- or higher in Calculus 1 dropped more than two letter grades in
Calculus 2. This means that approximately one quarter of the strongest students in Calculus 1 who took the
summer of between the two courses could not sustain their success and performed much more poorly in
Calculus 2. Strong students who have a summer gap between the two sequential courses perform much more
poorly than do strong students who take Calculus 2 directly after the completion of Calculus 1.

ST ST

mson Lo
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Figure 1. (left) Percentage of students who received a grade of D, failed, or withdrew from Calculus 2, by
academic year and summer off status. (right) Percentage of students who received an A or B in Calculus 1 and
dropped at least two letter grades in Calculus 2, by academic year and summer off status.

Covariance

To obtain an estimate and test of the summer gap effect, the mixed model was estimated with SAS PROC
MIXED software. Results for the analysis of covariance model are shown in Tables 3-5. Table 3 shows tests of
model fixed effects, where it can be seen that the summer-off effect on Calculus 2 course grade is highly
significant. Ethnicity is also significant in that students with unreported ethnicities have higher Calculus 2
grades than students within other ethnicity categories. The year and gender effects are not significant.

Table 3. ANCOVA fixed effect results across all years

Effect Num DF Den DF F value Pr>F
Calculus 1 grade 1 4047 1638.28 < 0.0001 **
Summer off status 1 4047 19.43 0.0001 *
Year 4 160 1.49 0.2065
Ethnicity 4 4047 21.57 <0.0001 **
Gender 1 4047 1.77 0.1834
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Table 4. Maximum likelihood estimates for fixed effects

Effect Level Estimate Standard Error DF t-value Pr> [t

Intercept -0.04729 0.1120 160 -0.42 0.6735
Calculus 1 grade 0.7512 0.01856 4047 40.48  <0.0001**
SO -0.3675 0.08337 4047 -4.41  <0.0001**
ST 0 - - - -
Year 2010 0.07732 0.1372 160 0.56 0.5737
Year 2011 0.08832 0.1269 160 0.70 0.4874
Year 2012 -0.1575 0.1236 160 -1.27 0.2046
Year 2013 -0.1060 0.1238 160 -0.86 0.3929
Year 2014 0 - - - -
Ethnicity Asian 0.09453 0.06247 4047 151 0.1303
Ethnicity Hispanic -0.05377 0.04586 4047 -1.17 0.2410
Ethnicity Other -0.1193 0.06275 4047 -1.90 0.0574
Ethnicity No Report 0.4272 0.05254 4047 8.13  <0.0001**
Ethnicity White 0 - - - -
Gender Female 0.05950 0.04472 4047 1.33 0.1834
Gender Male 0 - - - -

Maximum likelihood estimates of the model fixed effects are shown in Table 4, where it can be seen that the
estimate of the SO vs ST effect is -0.3167, controlling for Calculus 1 course grade, year, ethnicity, and gender.
The estimate means that ST students are estimated to have a Calculus 2 course grade that is higher than SO
students by the amount 0.3675. Least-squares means under the analysis-of-covariance model are shown in
Table 5, where it can be seen that the estimated Calculus 2 mean for ST students is 2.49, and the estimated mean
for SO students is 2.12, reflecting the estimated effect of -0.3675 or the equivalent of almost half of a letter
grade. We also stratified the analysis by examining the summer-gap effect for AB students (Calculus 1 grade >
2.67) and C students separately. Results from the stratified analysis were very similar to the results reported
here for the pooled analysis.

Table 5. Least squares means for Calculus 2 grade

Effect Level Estimate Standard Error DF t-value Pr> |t

Ethnicity Asian 2.3292 0.07058 4047 33.00 <0.0001**
Ethnicity Hispanic 2.1809 0.05589 4047 39.02  <0.0001**
Ethnicity Other 2.1154 0.06978 4047 30.31 <0.0001**
Ethnicity No Report 2.6619 0.06113 4047 4354  <0.0001**
Ethnicity White 2.2347 0.04804 4047 46.51  <0.0001**
ST 2.4881 0.05549 4047 44,84  <0.0001**
SO 2.1206 0.06712 4047 31.59  <0.0001**
Year 2010 2.4013 0.1055 160 22,76  <0.0001**
Year 2011 2.4123 0.09239 160 26.11  <0.0001**
Year 2012 2.1665 0.08729 160 24.82  <0.0001**
Year 2013 2.2179 0.08736 160 25.39  <0.0001**
Year 2014 2.3240 0.09169 160 25.35  <0.0001**
Gender Female 2.3341 0.05630 4047 4146  <0.0001**
Gender Male 2.2746 0.04404 4047 51.65 -<0.0001**

Difference Scores

Although the test of the summer gap effect in the analysis of covariance controls for Calculus 1 course grade,
year, ethnicity, and gender, there are many other time-invariant characteristics of students that are not controlled
for in this analysis. In particular, the analysis of covariance model did not control for aptitude. Since it could be
the case that SO students have lower mathematics aptitude, we turn next to the analysis of difference scores
which controls for all time-invariant student characteristics, including aptitude. The difference score model was
estimated as a mixed model using SAS PROC MIXED. Results for the difference score model are shown in
Tables t-9. As can be seen in Table 6 in the analysis of difference scores, Calculus 1 course grade was a
confounder of the relationship between the summer gap effect and the difference score. While the summer-gap
effect is marginally significant in the pooled sample, the difference-score analysis stratified by Calculus 1
course grade shows that the summer-gap effect is highly significant for AB students, but not for C students.
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Table 6. Estimates of summer gap effect across all years by Calculus 1 course grade

Grade Factor n (SO) n (ST) Estimate F p-value

Pooled grades Summer gap 1027 3203 -0.422 3.35 0.0674
Year 1.62 0.1720

B- and higher Summer gap 429 2102 -0.4336 28.09 <0.0001**
Year 2.31 0.0605

C+ and lower Summer gap 598 1101 0.0021 0.0004 0.9853
Year 1.10 0.357

The summer gap effect of -0.422 from the analysis of difference scores in Table 6 is comparable with the
summer gap effect of -0.3675 from the analysis of covariance. From the analysis of difference scores on the
stratified sample in Table 6, there is an even larger summer gap effect of -0.4336 for AB students. Table 7
shows difference score results by year.

Table 7. Estimates of summer gap effect by year and Calculus 1 course grade

Grade Year n (total) n (SO) n (ST) Estimate t p-value

B- and higher 2010 369 78 291 -0.3189  -1.35 0.1763
2011 471 76 395 -0.6830  -3.79 0.0002 *
2012 609 111 498 -0.3830  -2.85 0.0045 *
2013 604 104 500 -0.3157 1.65 0.0992
2014 478 60 418 -0.4384  -2.69 0.0075 *

C+and lower 2010 256 96 160 -0.4638  -1.52 0.1308
2011 306 90 216 -0.2166  -0.94 0.3479
2012 376 123 253 -0.03293 -0.12 0.9010
2013 362 217 145 0.2829 1.23 0.2202
2014 388 141 247 0.2244 0.83 0.4070

Table 8 shows estimates of mixed-model variance components and the estimated intra-section correlation. The
intra-section correlation ranges from 0 to 1.0 and is a measure of the degree of correlation among measurements
taken in the same class section. The correlation among students in the same classroom section would be due to,
among other effects, the instructor effect. An intra-section correlation of 0.1 is considered moderate, and an
intra-section of 0.2 is considered large. As can be seen in Table 8, the intra-section correlation for C students is
substantially larger than the intra-section correlation for AB students, even though the sections for AB and C
students are the same. The difference suggests that the instructor effect is larger for C students.

Table 8. Estimates of variance and intra-section correlation for nested error model

Grade Between section Error Intra-section correlation
Pooled grades 0.210 1.234 0.146
B- and higher 0.117 1.040 0.101
C+ and lower 0.350 1.430 0.197

Discussion

Summer learning loss has been well documented in K-12 education. Taking a long period of time off between
school years sets students back in many core subject areas, and especially in math (Cooper et al., 1996). Our
study extends these results by showing that a lengthy hiatus between university courses can also negatively
affect student success. We found much higher failure rates in sequential engineering mathematics courses that
were interrupted by a 3-month long summer break compared with those taken within a single academic year.

One explanation for these findings might be that the grades of SO and ST students are not analogous; in other
words, grades in off-semester offerings of the courses could be inflated so that SO students receive higher
grades than their ST counterparts in each course. Strong SO students would therefore be weaker mathematically
than strong ST students at the completion of Calculus 1, and thereby less prepared for Calculus 2. However, fall
and spring versions of Calculus 1 and Calculus 2 have comparable exams and use a grading policy based on raw
percentages rather than a curve, and our difference score analysis controlled for preparation level. Even if SO
students did have lower mathematical aptitude than ST students, the summer gap effect still holds.
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Also, in line with the K-12 summer gap research, we did not find an influence of gender on summer learning
loss, although we did find an effect of ethnicity. There was no difference in course performance between various
ethnicities, but international students who did not report an ethnicity demonstrated higher Calculus 2 grades than
other students. There is no theoretical rationale for why this individual difference might be important; instead, it
may be due to the fact that the international students represent the very best students from other countries who
come to the United States to attend university.

It may seem logical to attribute the summer gap effect to low performing students in the first course who then
fall even further behind with no practice over the summer, and therefore fail the sequential course. However,
we found the opposite to be true. Students with high course grades who take the summer off between two
sequential mathematics courses are more likely to perform poorly in the second course than their counterparts
who take the two courses within the same academic year. In contrast, students with average course grades (or
below) in the first course did not demonstrate the same slide in their performance in the second course as a
result of the summer gap.

One possible explanation for the different effect of the summer gap on strong and weak students is that weaker
students are less impacted by the length of the break between the two courses; there is a three-week break
between the two sequential courses within an academic year, compared with the three-month summer break that
separates academic years. If students have not completely and confidently mastered the material at the
completion of the first course, a three-week break is likely to have the same effect as a three-month break on the
retention of knowledge that is needed in the sequential course. In other words, because they have a more fragile
understanding of the material, it may matter less if weaker students take the two courses within an academic
year, or if they take a much more lengthy summer break between the two courses.

Students who have mastered the material in the first course and receive high grades, though, suffer from the lack
of practice that accompanies taking the summer off between the two sequential courses. In terms of a practice
schedule, these students are essentially given massed practice sessions (during the first course) with no spaced
practice over a long retention interval (between the two courses). In other words, their opportunities for
practicing the material occur at the time they learn the material and not during the time between the two courses.
With respect to learning to solve single kinds of problems, such a practice schedule does not favor long-term
retention. Rohrer & Taylor (2006) found that the benefits of spacing on retaining the ability to solve math
problems grow with the retention interval; practice sessions that are distributed over time have the most effect
on performance after an extended period of time. Our results align with those of Bahrick & Hall (1991) showing
that this same phenomenon exists at a larger-grained level involving multiple kinds of problems over long
periods of time. A lack of opportunities for spaced practice over the summer months lowers course performance
of the strongest students and may therefore hinder many talented students from pursuing an engineering degree
at a critical time as they start their university studies.

Despite various responses to calls for improving mathematics and science education by supporting and retaining
engineering majors (Pomalaza-Raez & Groff, 2003; Knight, Carlson, & Sullivan, 2007) and especially freshmen
(Moller-Wong & Eide, 1997; Veenstra, Dey, & Herrin, 2009), the number of students pursuing degrees in
engineering is not keeping pace with the need (U.S. Department of Education, 2013). Although many students
enter university with plans for receiving a degree in engineering, they ultimately switch to other areas of study
when they fail to succeed in requisite courses (Klobuchar, 2014). Our research suggests that the summer gap
may contribute to this problem. Engineering students who take the summer off between sequential core
mathematics courses are much more likely to fail than are students who take the course sequence within a single
academic year, and the learning loss is particularly harmful for stronger students. The challenge, then, is for
universities to follow suit with K-12 education by searching for creative ways to bridge the summer gap and
stem the outflow of undergraduate engineering majors.
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