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ABSTRACT 
 

We estimate the effects of year-round school (YRS) calendars on teacher turnover and teacher 
qualifications for the state of California, finding that YRS results in diminished teacher education 
and experience. This result is notable as previous research finds negative academic impacts of 
YRS in California. As context for our findings, we use comparisons with North Carolina, where 
research has found neutral academic impacts for the same calendar. While we find that schools in 
both locations hire more teachers to accommodate the calendar, teacher qualifications do not 
decrease for North Carolina. Our results are therefore consistent with, and can partly explain, 
evidence on the impact of YRS on student achievement. Additionally, as YRS is implemented in 
more affluent areas in North Carolina and in disadvantaged populations in California, we use 
matched samples to show that student demographics do not explain our teacher impacts found 
for California. 
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1. INTRODUCTION 

Education policymakers in the United States have for decades attempted to use policy to 

improve student achievement and to narrow persistent achievement gaps. With the exception of 

policies specifically aimed at teachers, however, many of these initiatives focus on students and 

overlook potential impacts related to teachers, such as teacher preferences or adequate supply for 

the policy change. If these policies impact teachers, they can have many unintended 

consequences, such as increased teacher turnover rates and changes in teacher composition. 

Understanding the relationship between school policy and teacher turnover is particularly 

important for policymakers given high rates of teacher turnover, especially in schools serving 

disadvantaged populations (Hanushek, Kain and Rivkin, 2004). While some turnover has been 

associated with positive student outcomes, especially when less-effective teachers leave, high 

levels of turnover have been associated with organizational disruption (Guin, 2004) and can be 

very costly (Barnes, Crowe and Schaefer, 2007).  

In this paper, we estimate the effect of the year-round academic calendar on teacher 

retention, turnover and qualifications. Year-round school (YRS) calendars spread the 180 day 

traditional school calendar across the full year, creating shorter periods of learning and more 

frequent breaks. This policy change has a direct impact on teachers by altering their work 

schedules, potentially eliminating the traditional summer break that is often touted as a desirable 

benefit for teachers. Teachers, thus, may either have a preference or distaste for the alternative 

calendar. Moreover, because teacher preferences for these attributes are likely to be 

heterogeneous, it is important to consider how the response to the calendar varies based on 

teacher characteristics and qualifications. YRS calendars may therefore affect the ability of 

schools to recruit and retain highly-educated, certified and experienced teachers. 
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The important role of teachers in explaining student academic achievement has been 

established in a number of studies (e.g. Sanders and Rivers, 1996; Rockoff, 2004; Darling-

Hammond, 2000; Rivkin, et. al. 2005). While the evidence is somewhat mixed regarding the 

ability of easily-observed teacher measures, such as education, experience and certification to 

explain variation in student performance, a number of studies using detailed data and credible 

methodology find that teacher experience (Buddin and Zamarro, 2009; Clotfelter, et al. 2007; 

Croninger et al. 2007), and, to some degree, education (Croninger et al., 2007) have positive 

effects on student performance, primarily in the first few years of teaching. The mentioned 

studies also specifically focus on elementary school students, which is the student level of 

education relevant to our paper, as YRS calendars are predominantly implemented in elementary 

schools. 

The school policy of changing the academic calendar has recently grown in popularity. 

The number of public YRSs has increased dramatically, from 410 schools in 1985 to 3700 in 

2012 (an 800 percent increase), currently comprising 4.1% of all U.S. public schools (Skinner, 

2014). Von Hippel (2016) points out that there are now as many students attending a school on a 

YRS calendar as attend charter schools, and yet such calendars have received notably less 

attention from both researchers and the public. Previous literature has found differing academic 

impacts of YRS by geographic location. While the YRS calendar could directly impact learning, 

this alone cannot explain these differences in academic effects found in the empirical literature, 

and there are few other apparent mechanisms beyond potential teacher effects for how the 

calendar change could differentially impact achievement. Despite a growing empirical literature 

on the academic impact of YRS calendars (Graves 2010, 2011; McMullen and Rouse 2012a, b), 

research examining its impact on teachers is notably sparse. 
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Much of the research on YRS calendars and teacher impacts is based on the examination 

of teacher attitudes towards the calendar (Worthern and Zsiray, 1994; Shields and Oberg, 2000; 

Kneese, 2000). The few studies directly examining turnover that exist provide descriptive 

evidence (Loeb, Darling-Hammond and Luczak, 2005; Smith, 2011), but the extent to which the 

benefits and challenges of YRS cause teachers to move is not clear. Because YRS calendars are 

often non-randomly placed, it is difficult to separately identify the impact of the school calendar 

from other measures of school quality. If, for instance, YRSs tend to be high quality schools with 

high achieving students, resources, and facilities, the results may be reflective of these 

characteristics which are related to both the adoption of the YRS calendar and to teacher 

satisfaction and therefore retention of high-quality teachers.2   

In this paper, we use administrative school data from the state of California to study the 

impact of YRS on teacher turnover and qualifications. While YRS has been growing in 

popularity as a policy option, it has traditionally been implemented in high concentration in the 

locations where adopted. California is an ideal setting for studying impacts of YRS calendars 

because of the high incidence of YRS calendar adoption. Furthermore, YRS calendars have been 

in place long enough to observe useful variation in calendar type over time and make use of 

panel data methods. We control for observed differences between YRS and traditional calendar 

schools, and include school fixed effects and school-specific time trends. As described in detail 

in Sections 3 and 4 of this paper, through these methods, we are able to disentangle changes in 

teacher composition that would have occurred anyway from those driven by our policy change. 

California makes use of two types of YRS calendars, the single-track and multi-track 

models, both of which redistribute school days more evenly across the calendar year. The single-

                                                           
2 The only study that we are aware of to date that causally studies teacher effects of YRS is Gilpin (2017), which 
tests whether the alternative school calendar impacts teachers’ secondary employment. 
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track model rotates all students on an off breaks simultaneously. The multi-track calendar, in 

addition to allocating school days more evenly across the calendar year, also divides the student 

body into separate tracks that rotate on and off of break, allowing the school to serve a larger 

student body by making continual use of the school facility. Because of this, multi-track YRS is 

primarily implemented to address school crowding concerns. However, a switch to a multi-track 

YRS must either require that current teachers take on more days of teaching or that the school 

hire additional teachers. We focus our study primarily on the multi-track model, in part, for 

precisely this reason – in addition to any preferences teachers might have about the redistribution 

on school days, the multi-track model may also affect the number of teachers needed. 

Comparisons between the multi-track and single-track YRS calendar are useful in thinking about 

teacher preferences regarding the summer vacation (which single-track still changes) compared 

to other logistical considerations unique to multi-track YRS, such as the potential hiring or more 

intensive use of teachers and coordinating teaching when part of the teachers and students are 

continually out of session. Additionally, for the multi-track model, we are able to learn 

substantially more about the calendar through comparisons with calendar conversions in North 

Carolina, a context which only uses the multi-track YRS calendar. 

Prior research on YRS suggests the estimated academic effects differ by the level of 

school crowding and by the demographics of the student population (Graves, McMullen and 

Rouse, 2013). In California, where YRS is implemented in particularly disadvantaged 

populations, we find that experience and education of the teacher stock is diminished. We 

supplement our analysis by estimation of effects of YRS on teacher turnover and qualifications 

for the case of North Carolina, where YRS has been found to have a neutral academic effect. In 
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contrast to estimates for California, we find no negative teacher impacts for North Carolina.3 

Since teacher compositional changes would be expected to impact students, our teacher 

composition results can shed light on a mechanism behind previously established academic 

impacts of YRS. Specifically, our estimates suggest that teacher composition changes may 

explain roughly half of the adverse academic effects previously found for the state of California.  

To our knowledge, this paper is the first to estimate the impact of YRS on teacher 

retention, turnover and qualifications in a large-scale longitudinal setting, addressing the 

important selection concerns inherent to the estimation. In addition to informing the larger 

literature on how school policy changes affect teacher turnover, our results can provide 

additional evidence on the effects of an increasingly-used education policy change and insight 

into why academic results of YRS have differed across different contexts in the past. Our results, 

in fact, indicate that while YRS is not intended to affect teachers, teacher effects likely play a 

notable role in the impact that the policy has on students. 

The remainder of the paper is organized as follows: Section 2 provides background on 

research related to various alternatives to the traditional school calendar, with particular focus on 

the literature related to YRS; Section 3 provides data details; Section 4 explains the empirical 

strategy; Section 5 summarizes the primary results; Section 6 compares and discusses differences 

in findings between California and similar policy changes in North Carolina, and Section 7 

concludes. 

 

  

                                                           
3 For this analysis, we use detailed data from the North Carolina Education Research Data Center (NCERDC) and a 
mandatory calendar conversion in Wake County, North Carolina. We provide details on this estimation in an 
appendix to this paper. 
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2. BACKGROUND 

As described previously, our focus in this paper is on a YRS model that re-distributes the 

traditional 180 school days more evenly across the calendar year. This type of calendar can take 

on a number of forms. It can be implemented as either a single-track model, where all students 

follow the same calendar, or as multi-track model where one group of students is tracked-out at 

any given time. Because it allows a school building to be used continuously throughout the year, 

the multi-track model is particularly popular in areas of population growth. The California 

Department of Education claims that use of the multi-track year-round calendar model allows a 

school to accommodate 20 to 33 percent more students than its traditional calendar counterpart.4 

YRS calendars also vary with regards to the length of time spent alternating between days in-

school versus days out for vacations. In California, the most popular models of YRS schedules 

are either the 45-15 or 60-20 calendars (referring to days in versus out of school).  

In a Year-Round Education Program Guide (2014), the California Department of Education 

discusses some of the commonly mentioned advantages and disadvantages of the multi-track 

YRS calendar. Potential disadvantages include scheduling and maintenance difficulties, 

difficulties with faculty communication, and disrupted teaching and extracurricular activities. 

Advantages include cost savings, academic benefits to students (especially disadvantaged 

students) and possible family preferences due to lifestyles and work schedules. Unfortunately, 

beliefs regarding the advantages of the YRS calendar have since been found to be largely 

inconsistent with later research. Graves (2010 and 2011) finds negative academic impacts of 

YRS, especially among traditionally disadvantaged student populations and Graves (2013a, 

2013b) finds that the year-round calendar is more disruptive to work schedules resulting in 

reductions in maternal employment, with a larger burden for lower income families. In other 
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settings the research is less discouraging. McMullen and Rouse (2012b) find the YRS calendar 

has little impact on achievement in North Carolina for the average student or for any racial sub-

group. While McMullen and Rouse (2012a) find the calendar has little impact on average, they 

also find that it may help to partially offset the negative impacts of crowding in highly crowded 

schools. McMullen, Rouse, and Haan (2015) moreover, find some evidence of a boost for low-

performing students. While these more positive studies are not supportive of wide-spread large 

positive impacts on achievement, a finding of a null academic impact may offer support, in some 

settings, for the use of the calendar as a cost-effective way to handle school crowding.  

Our study also relates to existing research on other school calendar options, including 

schedules which condense the typical five day school week into four longer days and calendars 

with either extended school days or school years. Four-day school weeks are often implemented 

as a way to reduce overhead and transportation expenses (Anderson and Walker, 2015; 

Thompson, 2018). The primary focus of research on this calendar type concerns whether the less 

costly, more condensed, schedule comes at the expense of student achievement.  The early 

literature on the effects of four-day weeks is largely descriptive, but recently credible causal 

evidence has become available. In a study of four-day school weeks in Colorado elementary 

schools, Anderson and Walker (2015) find these calendars generally have positive effects on 

student achievement. In contrast, Thompson (2018) finds the switch to a four-day week reduces 

student achievement in Oregon, suggesting this may be partially due to early school start times 

associated with the calendar change.  Calendars which either lengthen the school day and or 

extend the school year are typically implemented in order to provide students additional 

instructional time to enhance student achievement. Empirical research on this type of school 

schedule is largely focused on understanding whether the calendars achieve this intended goal. 

                                                                                                                                                                                           
4  http://www.cde.ca.gov/ls/fa/yr/guide.asp (accessed February 26, 2014) 

http://www.cde.ca.gov/ls/fa/yr/guide.asp
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The majority of the research suggests additional school time does, in fact, lead to better test 

results (Bellei, 2009; Hincapie, 2016; Jensen, 2013).  

Despite increased attention and the obvious impact on teachers through changes to their 

work schedule, there is surprisingly little research on the effects of these alternative calendar 

models on teachers. Regarding YRS and teachers, the California Department of Education 

(2014) notes a possible reduction in teacher stress and burnout due to more frequent breaks, more 

frequent planning periods and the ability for teachers to earn more money by opting to teach 

extra sessions or substitute. In the case of multi-track YRS, teachers may find the frequent breaks 

to be stress-relieving or, alternatively, they may find them too short relative to the traditional 

summer break. Likewise, teachers may welcome opportunities for additional teaching or 

alternative summer employment or may find them a source of teacher burn-out.  

Much of the existing research on YRS calendars and teacher impacts is based on the 

examination of teacher attitudes towards the calendar (Worthern and Zsiray, 1994; Shields and 

Oberg, 2000; Kneese, 2000). The few studies directly examining turnover that exist provide 

descriptive evidence (Loeb, Darling-Hammond and Luczak, 2005; Smith, 2011), but the extent 

to which the benefits and challenges of YRS cause teachers to move is not clear. There has been 

a rarely-tested consensus in the literature regarding YRS that the more frequent breaks of this 

calendar would result in lower teacher turnover. The main mechanism proposed is a lower rate of 

burnout (Kreitzer and Glass, 1993; Worthen and Zsiray, 1994). Until recently, studies on the 

topic featured analyses of limited data or case studies. For example, Haser and Nasser (2003) 

examine three school settings in detailed case studies, and argue that teacher retention can be 

improved by a switch to a year-round calendar. Only very recently have rich administrative 

datasets been used to examine these questions. Using North Carolina data, Smith (2011) finds 
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higher teacher retention in YRS, whereas Loeb, Darling-Hammond, and Luczak (2005), using 

data from California, find higher turnover in multi-track year-round schools, finding also that 

vacancies in these schools were harder to fill. 

The evidence of the effects of other alternative school calendars on teachers is also quite 

limited and based almost entirely on descriptive evidence or case studies. Donis-Keller and 

Silvernail (2009) summarize the early research on the four-day week calendar and suggest it 

generally has positive effects on teachers. Some of benefits cited include increased teacher 

attendance and more time for staff development (Blankenship, 1984). They also cite evidence to 

suggest the four-day calendar may reduce teacher turnover (Koki, 1992; Nelson, 1983). More 

recent and rigorous evidence provided by Thompson (2018), however, finds teacher 

characteristics were largely unaffected by a switch to the four-day week in Oregon elementary 

schools. The only statistically significant result suggests the fraction of licensed teachers fell by 

1.6 percentage points. To the best of our knowledge, the only existing study on the effects of 

extended calendars on teachers comes from Gandara (1992). This paper examines a case study of 

an extended-year experiment in Orchard, California where the school year was extended to 223 

days. The study reports that while some teachers left following the change, applicants for 

resulting vacancies were more likely to be male and had more experience than the typical 

elementary school. Teachers also reported high levels of satisfaction and the study found little 

evidence to support the calendar extension resulted in more burnout or stress.  

Beyond multivariate techniques, even the more rigorous of the studies examining 

calendar changes on teachers do not consider in their identification strategies ways in which the 

policies, demographics, or variables of interest are correlated with other unobserved school or 

student characteristics. As a result, it is difficult to know whether the observed impacts of 
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calendar changes are capturing teachers’ response to the calendar policy, or teachers’ response to 

possibly unobserved demographic and quality changes that drive the adoption of the calendars. It 

has been well documented that YRS policy adoption in California was not done in a random or 

exogenous manner, so these unobserved differences between schools may considerably impact 

the estimated effects (Graves, 2010). The only study that we are aware of to date that causally 

studies teacher effects of YRS is Gilpin (2017), which tests whether the alternative school 

calendar impacts teachers’ secondary employment. The study, also using data for California, 

finds that teachers on a YRS calendar increase their school-based secondary employment 

compared to those on a traditional calendar. While this result suggests a responsiveness on the 

part of teachers to working conditions and opportunities, nonetheless, the question regarding 

teacher turnover and composition effects for schools adopting the YRS calendar remains 

unanswered. Additionally, these preferences may play a smaller or larger role in teacher mobility 

decisions depending on how the teacher already views the teaching conditions at their school or 

district of employment. California’s YRS serve somewhat disadvantaged populations. Given that 

previous research has shown differential teacher turnover rates by student demographics, it is 

possible that YRS calendar implementation may have differing effects on teacher mobility by 

student demographics as well. 

 

3. DATA 

California has traditionally been the state with the most schools on a year-round calendar, 

totaling about half of all YRS in the nation (NAYRE 2006, 2007). In the mid-1990s, California 

experienced a boom in adoption of YRS calendars, with YRS calendars remaining prevalent 

within the state through the early 2000s. This is primarily due to school crowding concerns, 
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which made the multi-track model popular. Multi-track YRS calendars have been shown to 

provide cost savings under high levels of school crowding (Merino, 1983; Cooper et al., 2003; 

Daneshvary and Clauretie, 2001; CDE, 2014). California’s Class Size Reduction Initiative in the 

early 1990s, by requiring smaller classes in schools that may not have had the capacity, also 

provided motivation to switch to a multi-track YRS calendar (Mitchell and Mitchell, 2005). In 

addition to the lure of potential costs savings in the face of the difficult issue of school crowding, 

beliefs about potentially beneficial academic impacts of the calendar helped to motivate the 

large-scale implementation of YRS calendars in California (CDE, 2014).5 As mentioned, 

California has both single-track YRS calendars (all students on break simultaneously) and multi-

track YRS calendars (different groups rotating on and off of break). We present estimates for 

both types of calendars in our analysis. 

 Our dataset for California is compiled from a variety of files made publicly available 

through the California Department of Education. The primary data sources are California Basic 

Educational Data System (CBEDS) data files by year for the years 1998-2007, combined with 

data from the updated Online Public Update for Schools (OPUS) and Online Reporting 

Application (ORA) files for the years 2008-2011. These data include school-level variables such 

as: school calendar, school programs, technology use, staffing variables, teacher variables, 

enrollment, student racial composition, and the percent of students on the free and reduced price 

meals program.  

These California data provide useful variation in school calendar changes over time to 

take advantage of in estimation. In Figure 1, we present the percent of schools that are on a 

traditional calendar, multi-track year-round and single-track year-round calendar across the years 

                                                           
5 California experienced rapid growth in the school aged population, along with limitations to school construction 
and a class size reduction program all taking place from the late 1980s through the late 1990s (Graves, 2010; Gilpin, 
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1998-2011.6 One can see that the percentage of schools that are on a traditional calendar increase 

from roughly 91% to 98% over the years in our sample. YRS calendars decrease as a percentage 

of total public schools over this same time period, but not in exactly the same way for single-

track and multi-track calendars. Single-track calendars first increase in use then decrease, while 

multi-track consistently decreases in use over the sample period studied. Graves (2010) uses the 

same data source as used here for the years 1998 through 2005 and shows that over this time 

period there is considerable switching between all combinations of these three calendar types and 

that most schools that try out a multi-track calendar eventually switch back to either a traditional 

or a single-track calendar. This is not surprising as multi-track calendars were primarily used as a 

means of addressing school crowding issues in California at the time and were seen from the 

start as a temporary solution, until new schools could be built.78 The temporary nature of YRS 

use in California makes the switch back to traditional in most cases a subsequent event driven by 

switching to the calendar in the first place. In other words, the types of schools switching away 

from a YRS calendar are unlikely to be a highly selected subset of (or differ substantially from) 

those that switched to a YRS calendar (before our data begins).While we observe some calendar 

changes to a multi-track model, the variation we make use of in our data comes primarily from 

                                                                                                                                                                                           
2017). Refer to Gilpin (2017) for a detailed discussion of these factors in YRS adoption in California. 
6 We do not include data for the years 2009 or 2012 in our sample. While many relevant variables are available in 
these years, no teacher information is available. 
7 Section 42269(a) was added to California Education Code in 1999 as part of Senate bill 1068. This section 
discusses the phasing out of year-round schools after receiving grant money to implement them in overcrowded 
schools. This code can be found at: 
http://www.oclaw.org/research/code/ca/EDC/42269./content.html#.UxBgofldXng  (last viewed: 2/28/2014). 
8 A particular type of YRS calendar, the Concept 6 multi-track calendar, was widely believed to have negative 
impacts on students, even prompting a lawsuit (Williams vs. California) that resulted in the complete phasing out of 
these calendars from the California public school system. Concept 6 multi-track schools reduced the number of 
school days to 163 in order to fit more students in the same school facility.  In this study, we do not include schools 
that have adopted the Concept 6 model in our estimation and only focus on year-round schools that maintain the 
same 180 total number of school days. However, it is likely that the association of Concept 6 year-round calendars 
with other types of year-round calendars could have prompted some decrease YRS calendars overall. 
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calendar changes back from multi-track to another calendar type (where the switch to multi-track 

YRS would have occurred a number of years before our data starts). 

 Because multi-track year-round calendars were often implemented in school crowding 

conditions, it is also not surprising to find that schools that adopt different calendar types differ 

along a number of dimensions. In Table 1, we present a number of student, school, and teacher 

characteristics broken out by traditional, multi-track, and single-track year-round calendar status. 

As expected, multi-track YRS have larger enrollment than either single-track YRS or traditional 

calendars. Even when adjusted for the total number of students expected to be in-school at a 

given moment, we can see that daily enrollment is higher (see adjusted daily enrollment). Multi-

track YRS calendars in California also have notably different student demographics, with a 

higher percent of minority students, especially Hispanic students, and a larger percent of students 

on a free and reduced price meals program. Regarding teacher characteristics, multi-track YRS 

have more teachers, but with lower average teaching experience and fewer teachers with 

advanced degrees. Single-track YRS calendars are more similar to schools with traditional 

calendars.  

 

4. EMPIRICAL STRATEGY  

The empirical challenge when estimating the impact of YRS on teachers is that the YRS 

calendars are generally not randomly placed into schools. Schools in California were not 

mandated to change calendar type and had considerable choice in their school calendar adoption. 

As evidenced by the descriptive statistics in Table 1, the schools that choose to adopt multi-track 

YRS calendars differ notably from those that do not. In a regression that compares YRS status 

across schools, one would not be able to disentangle the effect of selection into the calendar from 



15 
 

the actual effects of the calendar. We address this issue by exploiting the longitudinal nature of 

our dataset. We include school fixed effects in our specifications, using within-school variation 

over time for identification. Even with school fixed effects, however, one may still be concerned 

that time-varying selection could occur. For example, if the school demographics were changing 

over time in a way that was not preferred by teachers, one might observe teacher mobility 

regardless of a calendar change.  

To explore the extent to which conditions were changing in schools surrounding a 

calendar change, we present two separate pieces of evidence. We present a first visual look at 

this possibility for California in Figure 2, which plots means of three different teacher measures 

surrounding a change in calendar: the school total number of teachers, school average years 

teaching experience and school average years that teachers have been teaching in the same 

district. Since changes in calendar occur in many different years in our data, for comparison 

sake, we also present leads and lags of mean characteristics using an artificial “change year” for 

those schools that do not experience a calendar change in our sample. This “change year” is 

randomly assigned to replicate the distribution of years of change for those schools that do 

change calendar. 9  Calendar changes are broken out by combinations of calendar types, but 

changes from single-track to multi-track (ST_MT) and from traditional to multi-track (T_MT) 

are not presented in Figure 2 because of too few observations.10  

In Figure 2, looking at average years teaching and average years teaching within the same 

district (Panels B and C), we can see that in years t-2 and t-1, schools that switch from multi-

                                                           
9 In Figure 2, we exclude schools that experience multiple changes in our sample period, both because schools 
would appear more than once in the figure and because leads and lags would represent a mixture of calendar effects 
- one year before a change could also be two years after a different calendar change. This does not reduce the sample 
by much as 65% of all calendar changers experience only 1 calendar change, and 97% of our sample experiences 
either no change or only 1 change. 
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track to another calendar appear to have somewhat lower teaching experience than other calendar 

types. However, after the change away from multi-track, these schools do not appear to have any 

trajectory that differs systematically from other calendar types. Similarly, the total number of 

teachers in a school (Panel A) is notably higher while on a multi-track calendar, however, after 

switching to either a single-track or traditional calendar, nothing on the right-hand side of the 

figure (t, t+1, or t+2) indicates that schools that were multi-track continue on a path different 

from those switching from different calendar types. These figures do not suggest a systematic 

underlying trend specific to schools that adopt the multi-track year-round calendar. To further 

explore this potential concern, we have also run regressions of lagged characteristics on a change 

to a multi-track YRS calendar in the following year. Beyond current calendar type (which simply 

reflects different propensities to experience calendar changes on the part of a YRS versus a 

traditional calendar), all estimated coefficients are either insignificant or significant but of 

negligible magnitude (refer to Appendix for details).  

While these two checks of the data show no patterns that would indicate time-varying 

selection into calendar type in a way related to teacher movements, nonetheless, we include both 

school fixed effects and school-specific time trends in our main specifications, which can be 

represented by the following general linear function:  

                         𝑌𝑌𝑠𝑠𝑠𝑠 = 𝛼𝛼𝑀𝑀𝑀𝑀𝑌𝑌𝑀𝑀𝑠𝑠𝑠𝑠 + 𝛿𝛿𝑆𝑆𝑠𝑠𝑠𝑠 + 𝜙𝜙𝑠𝑠 + 𝛾𝛾𝑠𝑠 + 𝜙𝜙𝑠𝑠𝑡𝑡 + 𝜀𝜀𝑠𝑠𝑠𝑠                        (1) 

where stY is the outcome of interest (i.e. percent of fully certified teachers, level of 

teachers’ education, level of teachers’ experience, etc.) in school s at time t, stMTYR  is an 

indicator variable that is set equal to one if school s operates on a multi-track year-round 

                                                                                                                                                                                           
10 The majority of time variation in multi-track YRS status in our data is from schools that change away from the 
calendar. There are some changes to MT in the 3% of the sample not shown in Figure A1, where multiple changes 
occur. These are typically changes to MT and then back again. 
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schedule at time t, stS  is a vector of school-level characteristics of school s at time t (which 

includes a dummy for a school being on a single-track YRS calendar in school s at time t , 

thereby making only the traditional school calendar the comparison group for stMTYR ), 𝜙𝜙𝑠𝑠 is a 

school fixed effect, γt is year fixed effect, stφ  is a school-specific time trend and stε  is an error 

term. By including school fixed effects and school-specific time trends, this specification 

controls for both time-invariant and linearly changing school characteristics that could 

potentially bias results. Identifying variation is therefore limited to only deviations from the 

trajectory that a school was already on.  

It should be noted that we focus primarily on addressing selection concerns on the part of 

schools into calendar types. One might also worry about selection on the part of students. 

However, we do not believe that this presents a particularly strong concern in our specific case. 

This is because selection on the part of students is greatly limited by restrictions on within-

district transfers, which are held to the same rules as those schools on a traditional calendar. 

Even so, parents could switch their children’s school through moving houses to another school 

attendance area. We see this as an unlikely response due to details of how YRS were introduced. 

YRS were seen as temporary solutions to school crowding with the intention of returning to a 

traditional calendar from the start, making a change of residence in response to the policy change 

less likely.  

As an additional check to make sure that our preferred specification is not impacted by 

time-varying selection, we also present evidence in an event study style graph from estimation 

that includes dummy variables denoting the time until and time after a YRS calendar change. 

This analysis is presented in Figure 3. Unlike standard difference-in-differences estimation, 

California schools experience calendar changes occurring in multiple years, different directions 
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and sometimes multiple changes per school. Therefore, to be able to interpret graphs, we restrict 

the changes considered for interactions in Figure 3 to only the first observed calendar changes 

from multi-track YRS to another calendar type (most commonly from multi-track to a traditional 

calendar). As multi-track YRS in California experienced most of its implementation induced as a 

byproduct of various policies, such as the class size reduction laws in the 1990s (before our data 

starts), our main source of variation in calendar changes are the return back from the multi-track 

YRS calendar to the traditional calendar. The main effect in the change year (e.g. first year back 

on a traditional calendar) is centered at zero to make time interactions more easily comparable.  

In Panel A of Figure 3, we see the number of teachers higher in the “treatment” period on 

the left-hand side (-1, -2, -3, -4 or more), while schools are on a multi-track YRS, and then flat 

once they change back to a traditional calendar (0, 1, 2, 3). This is consistent with the predicted 

need for more teachers on a multi-track YRS calendar compared to a traditional calendar. The 

sharp reduction right after switching to a traditional calendar, with flat/zero effects for each year 

after the change, provides evidence that it is not just schools that are losing teachers for reasons 

independent of the calendar type that switch, in which case, one would see the decreasing pattern 

continue post-change. The number of teachers falls somewhat in the years before a change to a 

traditional calendar, which could be interpreted as those multi-track schools that were losing 

teachers while on multi-track YRS were the ones that switched back from YRS. However, this 

decrease is quite subtle (not particularly rapid) within the “pre-change” years (-1 through -4 or 

more years prior), and even under this interpretation of the graph, is unlikely to introduce much 

(if any) bias in estimation. In Panels B and C, the average teaching experience of teachers in the 

school and the average time teachers in the school have taught in the school district are used as 

outcomes. Similar to results in Panel A, in both cases, estimates are similar to each other within 
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the pre and post sides with a switch coinciding with the calendar change. While we lose some 

significance in these specifications, they are consistent with our main findings (discussed in the 

next section) and are not indicative of selection based on the teacher outcome variables into the 

calendar change.  

 

5.  RESULTS 

Our main estimation results, corresponding to equation (1), are presented in Table 2.  The 

specification includes year effects and a full set of school-level controls, including student 

gender and racial composition, percent of students eligible for free and reduced price meals, 

computer and internet connectivity, and whether the school is a charter school. The only 

differences between the specifications in each column are the dependent variables used.  Our 

main findings are robust to several variations of model specification, such as the inclusion or 

exclusion of time-varying controls, use of a balanced panel of schools and restrictions to the 

sample years used. For brevity sake, we do not discuss each of these checks here, but make them 

available in the Appendix11. 

Column 1 of Table 2 presents results using the total number of teachers. We can see that 

the use of multi-track YRS calendars increases the number of teachers at the school (by roughly 

5.3 teachers compared to a sample mean of 31.5), consistent with the idea that multi-track YRSs 

do need additional teachers to cover the continuous teaching schedule. Even so, in Column 2, the 

estimate for teachers working overtime is positive and significant although small, a 0.6 

                                                           
11 Results with both sets school-specific fixed effects and time trends, but without time-varying controls are 
presented in Appendix Table A4. Table A5 shows results from estimations run on balanced panel of schools. Table 
A6 presents results on a sample using alternative sample years. We also include results from estimations that do not 
include school fixed effects of school-specific time trends (Table A2) and from estimations that include school fixed 
effects but no school-specific time trends (Table A3). These are discussed in more detail in the appendix. 
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percentage point increase. These estimates imply that despite additional hiring, schools on a YRS 

calendar may still also use some of their teachers more intensely. 

Column 3 also presents results using the percent of teachers with a doctorate degree or a 

master’s degree as a dependent variable. This dummy variable is relative to lower education 

levels: the percent of teachers with a bachelor’s degree or less than a bachelor’s degree. There is 

a negative and significant effect found for teachers with higher education levels on YRS. These 

estimates suggest a compositional change from fewer teachers with higher educational levels 

relative to those with a bachelors or less, followed by a higher education level after switching 

away from the multi-track model, back to another calendar type. 

Similarly, average experience level of teachers is also lower by 5% to 7% while on multi-

track YRS, as evidenced by the negative and significant effects found in Columns 4 and 5 of 

Table 2 for the average years teachers have been teaching in the school and the average years 

teachers at the school have been teaching in the district (a drop of roughly 0.7 years, relative to 

13 and 10 year sample averages, respectively). Since our identification comes primarily from 

switches away from a multi-track YRS model, the negative estimates we find are consistent with 

lower average experience levels before switching away, then higher average experience levels 

after. Additionally, in Columns 6 and 7 we see a positive and significantly estimated coefficient 

for the percent of teachers with full certification and a significantly lower percent of teachers 

hired on special conditions.12 Overall, multi-track year-round school calendars seem to result in a 

teacher composition with lower experience and education levels. 

                                                           
12 Special conditions included in this variable are teachers hired under emergency permits or short-term staff permits 
requested by employers when fully credentialed teachers cannot be found, waivers requested when neither certified 
teachers nor teachers qualifying for emergency permits can be found, or when the teacher is serving as an intern 
teacher while pursuing their credentials. 
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Also notable from Table 2 is that single-track YRS in California does not result in any 

changes in the number of teachers at the school, working overtime or education levels. Results 

for certification and credentials is similar for both types of YRS. The most notable indication of 

different composition through turnover is the average experience measures, but these estimates 

are much smaller than for the multi-track case and are sensitive to the specification used (while 

this multi-track result is robust, this is not so for single-track YRS). It appears that while multi-

track YRS results in more teachers, more overtime worked, and lower average teacher education 

and experience, single-track does not experience these compositional changes (with the 

exception of a small but not robust decrease in experience). This indicates that it is not merely 

teacher preferences regarding the reallocation of schools days across the calendar year driving 

effects for multi-track YRS calendars in California, as this is common to both YRS calendar 

types. 

 

6.  UNDERSTANDING FINDINGS FOR CALIFORNIA: COMPARISONS WITH WAKE 

COUNTY, NORTH CAROLINA 

In this paper, we find that schools in California hired additional teachers to accommodate 

the multi-track YRS model. As a result, teacher education and experience is diminished. This 

finding is notable in that it aligns with estimated academic effects found in previous literature on 

YRS that show adverse academic effects in California (of roughly -0.05 to -0.11 SD units). This 

finding is not consistent across settings, however. In North Carolina, a large switch to multi-track 

YRS had little to no effect on student performance (McMullen and Rouse, 2012b; Graves, 

McMullen and Rouse, 2013). Existing literature has not yet established why academic impacts of 

YRS differs in different contexts. As previously mentioned, the YRS calendar may have a direct 
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impact on students’ academic performance. However, as this is common in both locations, it 

cannot directly explain the previously found different academic effects for North Carolina and 

California, and there are few alternative explanations beyond teacher effects for how a YRS 

could impact achievement.  

To further investigate this connection between teachers and the academic impact of YRS, 

we estimate similar models using data from Wake County, North Carolina (WCPSS). The full 

description of the data and empirical approach for this analysis is available in the appendix. 

Results for Wake County, NC are presented in Table 3.  In this exercise, we find that schools in 

North Carolina also hire additional teachers to accommodate the multi-track YRS model.  The 

point estimate suggests YRS is associated with 2.4 additional teachers in the school. We do not 

find evidence of effects of teacher turnover following the YRS calendar adoption. The only 

turnover coefficient that is statistically significant suggests a negative effect on teachers leaving 

for a school within North Carolina, but outside of Wake County (Column 4). This could be 

considered supportive of YRS reducing teacher turnover in this setting; however, the estimated 

coefficient is very small in magnitude (less than 1%). However, what is notable is that unlike our 

main results described here from California, we see no decrease in teacher experience or 

credentials in NC when schools hire more teachers for the multi-track YRS.13 Point estimates of 

YRS on licensure, teacher experience and education, presented in columns 6-10, are generally 

not statistically different from zero at conventional levels and are close to zero in magnitude.14 

                                                           
13 While the two analyses rely on different sample years, this result is not due to this difference. Robustness checks 
confirm the CA results do not change when restricted to the sample years used in the NC analyses (see Table A6 in 
the appendix for details). 
14 One potential concern is that time-varying school controls could be endogenous to the calendar change, thereby 
biasing estimated effects (Angrist and Pischke, 2009). However, results in this paper are not sensitive to the 
inclusion or exclusion of any specific control. Estimates from the same specification without school fixed effects for 
WCPSS (not shown) are similar. 
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This further supports the hypothesis that teachers respond to YRS and the estimated change in 

teacher qualifications found for California has an impact on students.15  

Of course, it is alternatively possible that changes in student performance resulting from 

YRS could lead to teacher movements. YRS has been found to have different effects for student 

subgroups, with stronger effects for traditionally disadvantaged student groups, of which YRS in 

California has a higher concentration. While we do not establish causality between teacher 

composition and student performance resulting from YRS, the consistency of our teacher 

composition results found here with previous findings in both locations suggests teacher 

compositional changes as a potential mechanism behind YRS impacts.  

Going forward, we explore two possible explanations that could lead to different results 

in terms of teacher qualifications between California and Wake County, NC. The first possibility 

is related to teacher preferences (and could occur regardless of whether multi-track YRS results 

in additional hiring). There is evidence that teachers prefer to teach in schools with certain 

student demographic characteristics (Hanushek, Kain and Rivkin, 2004). In California, YRS 

calendars were implemented in less advantaged schools where recruiting and retention of 

teachers might already be more difficult absent any policy change. It is possible that multi-track 

YRS is viewed negatively by teachers, but that this is not enough to initiate turnover or 

recruitment problems on its own. However, when paired with conditions that are already viewed 

unfavorably by teachers (such as those correlated with teaching disadvantaged student 

populations), this is enough to hinder efforts to obtain teachers with the highest qualifications 

and experience. In other words, it is possible that in places with desirable student populations, 

                                                           
15 In particular, teacher experience is affected in California. The effects of teacher experience on student 
achievement have been shown to be larger for early career teachers, in the first few years, with returns to teacher 
experience diminishing over time (Clotfelter et al., 2007; Hanushek, Kain, O’Brian, Rivkin, 2005). Therefore, this 
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school policies are less likely to drive a teacher away, even if undesirable themselves, while in 

areas that already have problems retaining highly qualified teachers, undesirable school policies 

can exacerbate the problem. This theory is consistent with what we observe in this paper, as well 

as the differences in estimated academic impacts of YRS previously found for California and 

North Carolina. 

 We explore this potential mechanism through estimation of our preferred specifications 

for both California and WCPSS using sub-samples with similar student demographics. This acts 

as a test for whether heterogeneous effects by student demographics explain differences between 

the two locations. If student demographics do not alter results, then differences by location are 

likely driven by some alternative explanation. Comparisons of student demographics across the 

two samples show the largest difference across the two locations relates to the percentage of 

students in YRS who are Hispanic or Latino. The percentage of students who are Hispanic or 

Latino in multi-track YRSs in California is 60% with a standard deviation of 25 percentage 

points, while in North Carolina, this is only 12.8% with a standard deviation of 8.316. We 

therefore re-estimate our preferred specifications for both locations, limiting the sample from 

California to schools where the percentage of students who are Hispanic or Latino is similar to 

levels observed in WCPSS.17 In addition to this being the most notable demographic difference 

between our two locations, schools with a high percent Hispanic or Latino population likely 

experience many of the challenges common to schools with a high-minority population, along 

with potentially unique challenges due to cultural or linguistic differences. By construction, with 

                                                                                                                                                                                           
would most likely impact students through lower teacher quality, particularly if the lower teacher experience in 
YRSs comes from a higher use of early career teachers. 
16 Descriptive statistics for the Wake County, NC sample are available in the appendix, Table A7. 
17 To do this, we use the 99th percentile value for percent Hispanic or Latino in year-round schools in WCPSS, 
which is 40.6%. We then limit the samples for both WCPSS and California to observations where the percent 
Hispanic or Latino is less than or equal to this number. 
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this exercise, the sample in WCPSS is barely changed, while the sample for California is reduced 

by roughly half, with 20-25% of year-round schools remaining in the sample. We also do a 

similar check using the percent white at the school level, as California has a more minority 

sample in general. In this second check, we restrict the sample to schools that are between 15% 

and 75% white. Doing so only trims the bottom 5% of schools in North Carolina (resulting in 

nearly unchanged estimates), while in California, this trims roughly the bottom 36% of schools 

(60% of YRSs), and the top 11% of schools (less than 1% of YRSs) in the sample. 

 We present results for California for the sub-sample which is restricted by the percent 

Hispanic/Latino in Table 4, and by percent white in Table 5. We compare these estimates with 

the more “advantaged” sub-sample to the main estimation results for California presented in 

Table 2, which uses the full (and therefore more disadvantaged) sample of California schools. 

From this comparison, we do not find convincing evidence that student demographics explain the 

difference in teacher compositions effects for North Carolina and California. In particular, we do 

not see the reductions in teacher education levels but the estimated effects for average years 

teaching and averaged years teaching in the district remain. Findings for single-track YRS are 

more sensitive to the samples used. This comparison demonstrates that differing YRS effects by 

student demographics does not explain why California sees a reduction in teacher experience 

levels when multi-track YRS is introduced, while WCPSS does not.18  

                                                           
18 We also tested that results were not driven by differences based on school level eligibility for the free and reduced 
priced meals (FRPM) program, as a proxy for the proportion of poor students. While the mean percent FRPM in 
YRS in both locations do not differ widely, in North Carolina, these are the more advantaged schools, with a lower 
percent on FRPM than seen in traditional schools, while in CA, these are the disadvantaged schools, with a higher 
percent on FRPM than in traditional schools. To draw a comparisons between our locations, we took two 
approaches. The first was to simply restrict the sample of schools in both locations to be similar to the NC sample in 
terms of FRPMs. This somewhat reduced the sample of traditional schools included in the CA sample, leaving 
results largely unchanged. Secondly, we instead considered the percentile rank of schools within the sample based 
on FRPM eligibility, with the intention of comparing similar schools in both locations in regards to whether they are 
relatively poorer or relatively wealthier within their respective school systems. We compared results using sub-
samples in both locations restricted to the bottom 50th percentile, versus the top 50th percentile FRPM (relatively 



26 
 

An alternative explanation for why YRS could lead to a drop in teacher experience levels 

found for California and not WCPSS - is based on the supply of experienced teachers in the 

teacher labor market. While YRS calendar changes themselves are unlikely to generate sufficient 

hiring to notably affect the overall stock of teachers, California had already implemented 

programs to reduce class size that expanded teacher hiring in the years just prior to those studied 

here. It is possible that North Carolina, therefore, started with a less depleted pool of teachers to 

draw upon. This theory is consistent with previous literature. Jepsen and Rivkin (2009), find that 

in California’s Class Size Reduction (CSR) Initiative in the early 1990s, benefits from class size 

reduction were offset (sometimes fully) by the deterioration of teacher quality that accompanied 

the large expansion of California’s teacher force. Widespread YRS adoption in California took 

place shortly after this, in the mid and late 1990s. Therefore, regarding YRS calendar adoption in 

California, teacher quality may have already been reduced at the time of hiring needs. 

Mitchell and Mitchell (2005) note that the California CSR Initiative, by creating a need 

for more classrooms, provided an incentive for schools to switch to a multi-track YRS calendar. 

Our data for California starts in 1998, after the CSR policy had fully taken effect and schools that 

may have switched to multi-track YRS were already switching back to another calendar type. To 

the extent that teacher labor markets are local, one would expect to see less hiring in schools that 

had already participated in CSR (and therefore previous hiring). Additionally, we may observe 

hires with lower qualifications if the available local teacher pool had already been somewhat 

depleted. As a rough test of this hypothesis, we run the main estimation for California (presented 

in Table 2) again for the sub-samples of schools that participated in CSR and those that did not. 

Results from this estimation is presented in Table 6. We find that the hiring effects of multi-track 

                                                                                                                                                                                           
poorer versus richer). Results for North Carolina were not notably changed, and the findings of additional teachers 
and lower experience levels for California remained in both sub-samples. Results are available from the authors 
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YRS is lower in CSR schools and higher in those that did not do CSR. Similarly, the negative 

impact of multi-track YRS on teacher experience is a bit smaller in magnitude in non-CSR 

schools than in schools that were previously part of CSR. While this test is only suggestive, it is 

consistent with the idea that teacher hiring needs of a previously implemented policy may have 

played a role in the lower-qualified teacher composition resulting from the subsequent 

implementation of multi-track YRS in California, a situation not faced by schools implementing 

YRS in Wake County, North Carolina. Considering the negative academic effects of YRS 

previously found for California (Graves, 2010, 2011) and the teacher impacts found here, von 

Hippel (2016) suggests that YRS may have contributed to the disappointing class-size reduction 

effects found for California. He notes that while Jepson and Rivkin (2009) attribute this to the 

increased hiring needs leading to reduced teacher quality, that the multi-track YRS conversion 

induced by this policy change may have played a contributing factor, further offsetting potential 

positive impacts of class size reductions. Either framing of our findings emphasizes the 

importance of considering the role of teachers in educational settings with policy interactions. 

 

7.   CONCLUDING REMARKS 

In this paper, we estimate the causal effects of YRS calendars on teacher turnover, 

retention and qualifications in California elementary schools. We find that YRS results in more 

teachers hired and we see diminished teacher experience. Comparisons of effects for multi-track 

and single-track YRS suggest that any existing teacher preferences regarding the YRS calendar’s 

redistribution of school days cannot explain teacher composition and qualifications, as this is 

common between the two YRS calendar versions and fewer, smaller and less robust effects are 

found for single-track YRS in California. As a point of comparison, we do not see the decline in 

                                                                                                                                                                                           
upon request. 
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teacher experience resulting from similar policies in North Carolina. These different effects do 

not appear to be driven by sample years used in estimation or by different student demographics 

in the two locations. We hypothesize that the lower resulting teacher experience levels may be a 

result of previously diminished returns in the teacher labor market. Although only suggestive 

evidence, tests for this are consistent with this hypothesis. It appears that multi-track YRS in 

California reduced teacher experience through the need to hire additional teachers in an already 

strained hiring environment. 

Our findings emphasize the importance of considering teacher preferences and adequate 

supply of teachers in school policy reform, even when the policy is not specifically targeted at 

teachers. Despite the fact that YRS calendars directly change many working conditions for 

teachers, potential teacher effects are typically not considered in school calendar implementation. 

Yet our results are informative for discussing the differences in academic results previously 

found for North Carolina and California. Research has found worse academic effects of YRS for 

California than for North Carolina (Graves, McMullen and Rouse, 2013). To the extent that 

teacher experience matters for student learning, the evidence presented in this paper is consistent 

with teacher effects potentially driving some of the differences in academic impacts between the 

two locations.  

To get an idea of how much this might be, we can do a rough back-of-the-envelope 

calculation. For example, we find for California that being on a YRS calendar results in a 

decrease in the average teaching experience at a school by roughly 0.6 years. Per year estimates 

of early career teaching experience on student test scores in elementary school range from 

roughly 0.05 to 0.1 standard deviation units (Buddin and Zamarro, 2009; Clotfelter, et al. 2007; 

Croninger et al. 2007). If the reduction in teaching experience in California YRSs indicates a 



29 
 

higher use of early career teachers (which cannot be directly observed in our data), then the 

estimated teacher experience effects (-0.6) would correspond to student academic impacts of 

roughly -0.03 to -0.6 standard deviation units. Comparing this to previous estimates on the 

overall academic effects of YRS on student test score performance (-0.05 to -0.11 standard 

deviation units), teacher compositional changes could account for roughly half of this effect. 

This is, of course, a rough calculation, requiring assumptions that cannot be tested with our 

available data and should be interpreted as such. 

Nonetheless, our findings emphasize the need for schools or districts considering YRS 

calendars as a policy option (often to remedy to school crowding) to consider teacher preferences 

and the potential for decreased average teacher experience in their schools as a result of the 

policy change. The evidence presented in this paper, combined with findings from previous 

studies on the academic impacts of YRS, together suggest that not doing so could adversely 

impact student academic performance, as appears to have been the case for the state of 

California. YRS calendars are an example of a policy implemented for reasons separate from 

teacher quality and without considering possible implications for teacher retention and hiring as 

a result of the policy. However, teacher effects of YRS calendars likely play a role in whether 

YRS calendars are beneficial, neutral or detrimental to student learning.   
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Figure 1

Note: means reported here are calculated using the same sample as used in estimation. The year 
2009 is excluded from the sample because teacher variables are not available for this year. 
However, when year-round status is summarized for 2009 without restricting observations to the 
usable sample we calculate means and standard deviations that fall between what is observed for 
2008 and 2010. Schools included in the sample for each year are: 6031 for 1998, 6299 for 1999, 
6305 for 2000, 6428 for 2001, 6573 for 2002, 6639 for 2003, 6830 for 2004, 6970 for 2005, 6984 
for 2006, 7189 for 2007, 7006 for 2008, 5823 for 2010 and 6043 for 2011
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Figure 2: Plot of leads and lags of mean teacher measures surrounding a calendar change year (t) in 
California 

Panel A 

 
Panel B 

 
Panel C 

 
Notes: In all three panels (t) refers to the year of the calendar change. (t) is school-specific and 
varies across the sample of schools. Only first changes are shown in the graph so that no schools are 
counted more than once. In the key of each graph, acronyms shown the calendar switched from 
then to. For example, MT_ST refers to the sample means for schools that change from a multi-track 
to a single-track year-round calendar. N_Chng refers to schools that exerience no change in 
calendar in the sample period, but are assigned a year (t) to center the data on for comparison sake. 
Schools changing to a multi-track year-round calendar from another calendar (T_MT and ST_MT) 
are not shown in the figures above due to too few observations. 



Figure 3: Estimates by year for California calendar changes from multi-track YRS to another 
calendar type (first observed calendar changes only) 

Panel A 

Panel B 

Panel C 

Notes: In estimation similar to that presented in Table 2, we add dummy variables for the years leading up to 
and after a calendar change from a multi-track year-round calendar to a traditional calendar (the most common 
observed change for multi-track schools). Estimates and confidence intervals for these dummies are plotted in 
these graphs, with the main effect for the change year (i.e. first year on a traditional calendar after multi-track) 
centered at zero. To avoid counting the same school more than once, only first observed calendar changes are 
used in the figures above. Because the sample of schools and timing of calendar changes starts to become 
restricted the futher from the calendar change one looks, we report 3 years before and after (with a grouped 
dummy for years further before that). 



Mean SD observations Mean SD observations Mean SD observations

A. Student Variables
percent students, FRPM 10.71 23.77 79469 23.24 35.41 *** 3738 12.95 27.4 *** 1913
percent students, black 0.06 0.1 79469 0.11 0.1 *** 3738 0.11 0.11 *** 1913
percent students, hispanic 0.41 0.29 79469 0.6 0.25 *** 3738 0.57 0.28 *** 1913
percent students, white 0.39 0.28 79469 0.2 0.2 *** 3738 0.19 0.21 *** 1913
percent students, Asian 0.07 0.12 79469 0.05 0.08 *** 3738 0.06 0.09 *** 1913
percent students, other race 0.06 0.09 79469 0.04 0.05 *** 3738 0.07 0.1 *** 1913
percent students, male 0.53 0.09 79469 0.51 0.03 *** 3738 0.52 0.05 *** 1913

B. School Variables
total enrolled 656.36 617.04 79469 898.77 253.56 *** 3738 657.66 319.51 1913
adjusted daily enrollment 656.36 617.04 79469 719.01 202.85 *** 3738 657.66 319.51 1913

school average subject, mean scaled scorea 596.41 106.64 66507 607.17 40.91 *** 3621 597.14 79.31 1804

computers/student 0.26 0.58 79469 0.18 0.1 *** 3738 0.22 0.19 *** 1913
internet connected device/student 0.06 0.16 79469 0.04 0.03 *** 3738 0.05 0.04 *** 1913

overcrowded school 2001b 0.06 0.24 79469 0.27 0.44 *** 3738 0.21 0.4 *** 1913

in district with overcrowded school 2001b 0.19 0.39 79469 0.44 0.5 *** 3738 0.53 0.5 *** 1913

years on current calendar 9.67 4.39 77373 7.06 3.67 *** 3708 7.46 4.63 *** 1867
full time staff 6.56 10.05 79469 8.73 6.7 *** 3738 4.89 5.32 *** 1913
charter school 0.05 0.23 79469 0 0.04 *** 3738 0.04 0.19 *** 1913

C. Teacher Characteristics
number of teachers 30.9 25.51 79469 44.01 11.63 *** 3738 33.51 15.16 *** 1913
school average years teaching 13.33 4.54 79469 11.03 2.8 *** 3738 12.38 4 *** 1913
school average years teaching in the district 10.83 4.28 79469 9.08 2.54 *** 3738 10.58 3.81 ** 1913
percent of teachers with a PhD 0.81 3.9 79469 0.5 1.91 *** 3738 0.84 2.6 1913
percent of teachers with a masters 32.23 21.09 79469 27.22 15.77 *** 3738 43.47 18.1 *** 1913
percent of teachers with a BA 66.62 21.4 79469 72.1 15.92 *** 3738 55.4 18.16 *** 1913
percent of teachers with less than a BA 0.34 2.47 79469 0.18 1.44 *** 3738 0.3 2.12 1913
percent of teachers fully credentialed 78.92 34.66 79469 86.5 17.95 *** 3738 85.49 28.76 *** 1913

percent of teachers hired, special conditionsc 7.77 12.85 79469 13.03 13.38 *** 3738 7.03 9.77 ** 1913

percent of teachers certified, special ed 7.87 11.75 79469 5.94 6.08 *** 3738 11.66 14.04 *** 1913
percent of teachers certified, bilingual 6.3 13.57 79469 11.06 16.27 *** 3738 12.95 18.17 *** 1913
percent of teachers, male 26.49 22.28 79469 16.55 8.96 *** 3738 18.61 13.01 *** 1913
percent of teachers working overtime 1.29 6.74 79469 0.86 6.29 *** 3738 1.05 7.27 1913
percent of teachers tenured 69.77 27.32 79469 66.72 21.25 *** 3738 77.33 18.75 *** 1913
student to teacher ratio 19.8 7.74 79469 20.7 16.25 *** 3738 19.6 3.95 1913
adjusted student to teacher ratio 19.8 7.74 79469 16.56 13 *** 3738 19.6 3.95 1913
Notes:
Columns of stars indicate whether the means for each type of YRS calendar are statistically different from the traditional calendar's corresponding mean.

c.  This variable gives the percent of teachers hired under special conditions. Special conditions include teachers hired under emergency permits or short-
term staff permits requested by employers when fully credentialed teachers cannot be found, waivers requested when neither certified teachers or teacher 
qualifying for emergency permits can be found, or when the teacher is serving as an intern teacher while pursuing credentials.

Table 1: Student, school and teacher characteristics summarized separately by calendar type
Traditional Multi-track YR Single-track YR

a. This variable uses reading and language scores provided through California's Standardized Testing and Reporting data (STAR). The average of only 
reading and language mean scaled scores are used to construct this measure as they are collected across all years. Mathematics scores are collected for most, 
but not all years. The averages are not noticeably changed when the average of reading, math and language scores are used instead.

b. The California Department of Education makes available a one-time list of schools in its Critically Overcrowded School Facilities Program. This list was 
made available in 2003, using 2001 data.



Dependent variables:
number of 
teachers

percent working 
overtime

percent with 
Masters or PhD

average years 
teaching

average years in 
district

1 2 3 4 5

Multi-track YRS calendar 5.323*** 0.595** -1.035** -0.741*** -0.694***
(0.404) (0.298) (0.476) (0.0906) (0.0789)

Single-track YRS calendar -0.345 0.988 -0.472 -0.395** -0.360***
(0.412) (0.686) (0.648) (0.172) (0.132)

Observations 84,743 84,743 84,743 84,743 84,743
R-squared 0.981 0.483 0.822 0.814 0.844

Dependent variables:
percent full 
credentials

 percent special 
conditions

percent cert. 
special educ.

percent cert. 
bilingual educ.

6 7 8 9

Multi-track YRS calendar 1.069*** -1.469*** 0.241 0.564
(0.370) (0.399) (0.256) (0.607)

Single-track YRS calendar 1.338** -1.094* 0.0999 -0.377
(0.570) (0.591) (0.686) (0.949)

Observations 84,743 84,743 84,743 84,743
R-squared 0.969 0.740 0.739 0.609

*** p<0.01, ** p<0.05, * p<0.1

Table 2: Estimation Results for California including both fixed effects and school-specific time trends

Robust standard errors in parentheses. Errors are clustered at the school level.

Notes: All specifications are estimated using stata command reghdfe, which allows for estimation using a large dummy variable 
set, as well as that dummy variable set interactied with a linear trend. All specifications include year effects and the following 
school control variables: student racial and gender composition, percent of students eligible for free and reduced price meals, 
computers and internet connected devices per student, and whether the school is a charter school. 



Table 3: Estimation Results for Wake County, NC

Dependent variables: Number of Teachers % Teacher Turnover
%Leave to new Wake 

School
%Leave to new non-
Wake NC School %Exit sample

1 2 3 4 5

Multi-track YRS calendar 2.436** -0.0019 0.0004 -0.00474* 0.0025
(1.115) (0.018) (0.012) (0.003) (0.010)

Observations 618 618 618 618 618

Dependent variables:
%Teachers Fully 

Licensed
%Teachers with 0 to 3 

years of experience

%Teachers with 4 to 
10 years of 
experience

%Teachers with 
11+ years of 
experience

%Teachers with 
advanced degrees

6 7 8 9 10

Multi-track YRS calendar 0.0108* -0.0141 0.0169 -0.0029 -0.0112
(0.006) (0.014) (0.014) (0.013) (0.010)

Observations 618 618 618 618 618

Robust standard errors in parentheses. Errors are clustered at the school level.
***p<0.01, **p<0.05,*p<0.1
Notes: Results based on data from Wake County, NC elementary schools from the years 2006 through 2010 taken from 
the North Carolina Education Research Data Center. Details on data and empirical approach are available in the appendix. 
All specifications include school, year fixed effects, and school control variables. School control variables include: 
students per instructional computer,  # books per students, crimes per 100 students, 
number of long term suspensions,percent poverty, percent black, and percent Hispanic.



Dependent variables:
number of 
teachers

percent working 
overtime

percent with 
Masters or PhD

average years 
teaching

average years in 
district

1 2 3 4 5

Multi-track YRS calendar 6.722*** -0.459 0.476 -0.634*** -0.661***
(0.973) (0.616) (0.796) (0.189) (0.181)
0.296 4.991 -0.428 -0.536 -0.733

(0.780) (3.086) (1.393) (0.602) (0.492)

Observations 34,004 34,004 34,004 34,004 34,004
R-squared 0.971 0.464 0.858 0.823 0.854

Dependent variables:
percent full 
credentials

 percent special 
conditions

percent cert. 
special educ.

percent cert. 
bilingual educ.

6 7 8 9

Multi-track YRS calendar 0.138 -0.170 -0.167 -1.751**
(0.570) (0.575) (0.470) (0.840)
0.144 -0.508 0.198 -3.456

(0.853) (0.855) (1.726) (3.535)

Observations 34,004 34,004 34,004 34,004
R-squared 0.981 0.719 0.716 0.542

*** p<0.01, ** p<0.05, * p<0.1

Table 4: Estimation Results for California, including school fixed effects and school-specific time trends (Table 2), 
repeated for the sub-sample with Hispanic/Latino percentages limited to those seen in YRSs in NC

Robust standard errors in parentheses. Errors are clustered at the school level.

Notes: All specifications are estimated using stata command reghdfe, which allows for estimation using a large dummy variable 
set, as well as that dummy variable set interactied with a linear trend. All specifications include year effects and the following 
school control variables: student racial and gender composition, percent of students eligible for free and reduced price meals, 
computers and internet connected devices per student, and whether the school is a charter school. 



Dependent variables:
number of 
teachers

percent working 
overtime

percent with 
Masters or PhD

average years 
teaching

average years in 
district

1 2 3 4 5

Multi-track YRS calendar 4.980*** 0.197 0.648 -0.464*** -0.462***
(0.587) (0.236) (0.619) (0.132) (0.119)

Single-track YRS calendar -0.861 1.501 1.695 -0.236 -0.270
(0.561) (1.482) (1.053) (0.297) (0.240)

Observations 34,311 34,311 34,311 34,311 34,311
R-squared 0.965 0.518 0.883 0.863 0.883

Dependent variables:
percent full 
credentials

 percent special 
conditions

percent cert. 
special educ.

percent cert. 
bilingual educ.

6 7 8 9

Multi-track YRS calendar 0.252 -0.372 0.651* -2.063**
(0.485) (0.523) (0.338) (0.841)

Single-track YRS calendar 2.538*** -2.314*** -0.310 -3.495
(0.611) (0.655) (0.804) (2.403)

Observations 34,311 34,311 34,311 34,311
R-squared 0.984 0.742 0.756 0.591

*** p<0.01, ** p<0.05, * p<0.1

Table 5: Estimation Results for California, including school fixed effects and school-specific time trends (Table 2), repeated for 
the sub-sample with percent white/caucasian percentages limited to those seen in YRSs in NC

Robust standard errors in parentheses. Errors are clustered at the school level.

Notes: All specifications are estimated using stata command reghdfe, which allows for estimation using a large dummy variable 
set, as well as that dummy variable set interactied with a linear trend. All specifications include year effects and the following 
school control variables: student racial and gender composition, percent of students eligible for free and reduced price meals, 
computers and internet connected devices per student, and whether the school is a charter school. 



Dependent variables:
number of 
teachers

average years 
teaching

average years in 
district

1 2 3

Multi-track YRS calendar 2.522*** -0.401*** -0.370***
(0.692) (0.152) (0.131)

Single-track YRS calendar 0.310 0.183 0.0494
(0.668) (0.239) (0.214)

Sample: schools part of CSR Initiative Yes Yes Yes
Observations 23,076 23,076 23,076
R-squared 0.982 0.916 0.935

Dependent variables:
number of 
teachers

average years 
teaching

average years in 
district

4 5 6

Multi-track YRS calendar 5.748*** -0.351** -0.353***
(0.888) (0.152) (0.120)

Single-track YRS calendar 1.258 -0.176 -0.252
(1.248) (0.409) (0.276)

Sample: schools part of CSR Initiative No No No
Observations 42,688 42,688 42,688
R-squared 0.991 0.866 0.890

*** p<0.01, ** p<0.05, * p<0.1

Table 6: Select estimation for California in Table 2 (columns 1, 4 and 5), repeated for the sub-
samples of schools that experienced Class Size Reduction and those that did not

Robust standard errors in parentheses. Errors are clustered at the school level.

Notes: All specifications are estimated using stata command reghdfe, which allows for estimation 
using a large dummy variable set, as well as that dummy variable set interactied with a linear trend. 
All specifications include year effects and the following school control variables: student racial and 
gender composition, percent of students eligible for free and reduced price meals, computers and 
internet connected devices per student, and whether the school is a charter school. 



APPENDIX 

“Teacher Turnover, Composition and Qualifications in the Year-Round School Setting” 

 

In this appendix we first discuss and present results from several robustness tests of our 

preferred estimation results for California. Then, we provide detail on the data and empirical 

strategies used for the comparison analyses conducted for Wake County, NC. 

 

A1. ROBUSTNESS OF CALIFORNIA RESULTS 

In this section, we provide a variety of evidence regarding the robustness of our main 

findings for California. First, Table A1 provides regressions of lagged school characteristics, 

including teacher characteristics on a next year change to a multi-track YRS calendar in 

California. This test serves as supporting evidence that there is no notable time-varying selection 

into the multi-track YRS that could bias estimates. Nonetheless, estimation in the main paper 

include both school fixed effects and school-specific time trends to account for potential time-

varying selection. Table A2 reports the main estimation results without adding any school fixed-

effects or school trends and Table A3 reports the same specifications with school fixed effects 

added, but still no time trends. These two tables show how estimates change as estimation 

becomes stricter in terms of the identifying variation used.  

The main findings for effects of YRS on teacher composition in California, reported in 

Table 2 of the paper, are generally robust to variations in estimation. Table A4 reports the same 

specifications, excluding controls. Table A5 reports the main estimation run on a balanced panel 

of schools. Due to new school construction over the time period studied, along with some 

changes in the reporting of teacher variables in the later years of our sample, the number of 



schools varies across years of our main sample used in estimation in the paper. One can see from 

both of these checks that the core findings of the paper remain. Most robust are the reductions in 

teaching experience resulting from YRS, while the estimates for lower average teacher education 

are more sensitive to the sample used. 

In drawing comparisons between the findings for California, and the findings for North 

Carolina discussed in Section 6 of the paper, we also test to see whether the timing of calendar 

changes could explain differences in results between the two locations. If this were the case, then 

the different findings in both locations would be driven by our choices regarding the years in our 

samples used in estimation, as opposed to truly different effects in our two locations. We do this 

by limiting the much longer sample of years used in California to be the same as those used in 

WCPSS estimation. Results are reported in Table A6. Estimates are largely the same as those 

presented in Table 2 for California using the full sample, finding an increase in teachers, 

teaching overtime and reduced experience levels. We also see same-signed evidence regarding 

education (however, further from significance at conventional levels). Estimates on other 

credentials become insignificant. While some estimates change, most general findings for 

California, as well as the main differences in findings between California and WCPSS, do not 

appear to simply be driven by the different timing of calendar changes or the specific sample of 

schools used in the two locations. 

 

A2. DATA AND EMPIRICAL APPROACH FOR WAKE COUNTY, NC 

In previous studies of YRS, there is a documented difference in the estimated impact of 

calendar changes on student outcomes (Graves, McMullen, and Rouse, 2013). In order to explore 

the connection between teacher effects and the student impact of YRS, we offer similar 



estimation results for a sample from the Wake County Public School System (WCPSS) in Wake 

County, North Carolina. We demonstrate that, in this alternative setting, we do not see the same 

detrimental impact on teacher qualifications. What follows in this section of the appendix is a 

brief description of the North Carolina study location and detailed discussion of the data and 

empirical approach used in the analyses underlying estimation results presented in the paper in 

Table 3. 

The WCPSS currently serves over 150,000 students, making it the largest district in the 

state of North Carolina and the 16th largest in the United States. Enrollment in the WCPSS has 

grown substantially over the last few decades and is expected to increase by 40,000 students by 

2022.1 Use of the YRS calendar was first implemented in the WCPSS in 1989. Since its 

adoption, use of the YRS calendar slowly increased in prevalence until the 2007-2008 school 

year when the school system converted 22 schools from traditional to YRS calendars and ordered 

that all new schools be opened on a YRS calendar. In Wake County, NC, YRS calendars are 

multi-track, where each school has four tracks of students, at least one of which is “tracked-out” 

at any point in time. Moreover, Wake County, NC uses only the 45-15 multi-track model of 

YRS, referring to a rotation of number of days in school and out of school respectively. 

The one-time large-scale calendar conversion in 2007-2008 more than doubled the 

number of schools using the calendar. The YRS policy change was a response to crowding 

created by high population growth. The school system selected the twenty schools that would 

switch calendars based on their level of crowding. However, schools did not have choice over 

this conversion.  Because it was imposed mandatorily upon the selected schools, this change was 

met with strong opposition from parents and was eventually contested at the State Supreme 

                                                           
1 http://www.wcpss.net/about-us/our-students/demographics/ (accessed February 24, 2014). 



Court where the court upheld the school system’s policy. The policy environment surrounding 

the WCPSS and the mandatory nature of the calendar assignments create a natural experiment 

that can be exploited along with longitudinal data and fixed effects.  

Data for WCPSS comes from the NCERDC, a data center that was created in 2000 

through a collaborative effort between Duke University and the North Carolina Department of 

Public Instruction. We combine these data with publically available school-level information 

from WCPSS on demographics, achievement, and crowding. Because the YRS calendars are 

only used in elementary and middle schools in Wake County, we eliminate high schools from 

our analysis.2 In Figure A1, we show the growth in use of the YRS calendar in Wake County 

over the time period of study. Each year corresponds to the spring of the academic year. In 2006, 

only about 13 percent of Wake’s elementary and middle schools operated on a YRS calendar. 

The largest change occurred in 2007-2008, when the proportion of YRS increased from roughly 

16 to a little over 34 percent of the schools. Since 2008, the number of schools operating on the 

schedule has increased slightly to roughly 38 percent. 

Because the calendar conversions in 2007-2008 were largely implemented to counteract 

crowding, YRSs tend to differ from traditional counterparts. In Table A7, we present descriptive 

statistics of student, school and teacher variables by calendar type. Multi-track YRS in Wake 

County have a higher percent of white students and a lower percent of students on a free and 

reduced price meals program. Average reading achievement scores suggest there is little 

difference across calendar types, however there is a slightly higher passage rate for math exams 

in YRS. There are also a lower number of crimes and long-term suspensions at YRSs. Because 

                                                           
2 Unlike WCPSS, California YRS calendars are not limited to only elementary and middle schools. Main 
specifications in this paper include all schools in our CA sample. However, estimation using only grade spans 
consistent with middle and elementary schools for California produce similar results. 



of their increased capacity to house students, YRSs are less crowded than their traditional 

calendar counterparts and have more teachers.  

While, on average, YRSs have more teachers, many of the teacher characteristics are very 

similar across the calendar types. Average teacher experience at both YRS and traditional 

calendars schools is around 12 years. YRSs appear to have a larger proportion of teachers with 4-

10 years of experience while traditional schools have higher proportions of both less experienced 

(0-4 years) and more experienced (11+ years) teachers. We do see a higher number of national 

board certified teachers in YRS. Additionally, teachers in YRS also earn roughly $2,000 more 

than their traditional calendar counterparts.  

Because our dataset includes data on all North Carolina public schools, we are also able 

to observe whether a teacher stays in their current school, leaves for a new public school within 

the district, moves to a new public school in North Carolina outside of WCPSS or if they exit the 

sample entirely. We use this information to construct school-level aggregate measures of 

mobility, which appear in Panel D of Table A7. The mobility statistics suggest turnover is 

slightly lower in YRS. This pattern persists across all of the mobility measures. 

Because of the natural experiment that mandated calendar conversions in WCPSS, 

specifications including year and school fixed effects are likely to address selection concerns and 

allow for estimation of a causal effect of YRS calendars on teacher outcomes. To see this visually, 

we plot teacher measures before and after the large-scale calendar conversion to show that there 

does not appear to be systematic time-changing differences between changers and non-changers. 

Figure A2 compares the number of teachers and average years teaching from 2006 to 2010 between 

schools that are traditional across the entire period and the 22 converting schools that were 

switched to YRS in 2007/2008 (labeled 2008).  The evidence in Panel A shows that the number of 



teachers, while different in levels between the two groups, remained relatively constant across the 

two types of schools during our sample period. Panel B shows the average number of years 

teaching by calendar type. Likewise, the trends do not appear notably different prior to the 2007-

2008 calendar conversion.  

To estimate the impact of YRS on teacher characteristics, qualifications and turnover, we 

begin by estimating the following general linear function at the school level3:  

sttsststst SMTYRY       (1) 

where stY is the outcome of interest (i.e. percent of licensed teachers, percent of highly experienced 

teachers, percent teacher turnover), stMTYR  is an indicator variable that is set equal to one if school 

s operates on a multi-track year-round schedule at time t, stS  is a vector of school-level 

characteristics of school s at time t, 𝜙  is a school fixed effect, γt is year fixed effect, and st  is an 

error term. This specification allows us to estimate the impact of YRS calendars on the composition 

of the stock of teachers. The coefficient   on stMTYR  in equation (1) is our coefficient of interest.  

It is important to note that YRS could have a differential impact on mobility according to 

the destination to which the teacher is moving. For example, we might reasonably assume that 

distaste for a YRS calendar might make it more likely that a teacher would make an in-district 

move than an out-of-district move, because the cost of making an in-district move would be lower. 

                                                           
3 We have also run analogous estimation for WCPSS using teacher level observations, with all results fundamentally 
the same as those presented and discussed in this paper using aggregated teacher characteristics. We choose to 
present estimation using aggregated teacher measures instead of individual teacher observations here for comparison 
sake with California results, which can only be reliably estimated in an aggregated form. While the California 
Department of Education does provide teacher level data, teacher observations are not linked across time. In an 
earlier version of this paper, we attempted to link teacher observations over time using non-time-varying teacher 
characteristics, but found that there was too much error in matching for such data to be useful in this paper. 
Likewise, for North Carolina, the data allows for matching students to teachers, opening the possibility of estimation 
using teacher value-added, but in practice, for the years and schools needed for our estimation, this also resulted in 
too much error in the matching to be useful. 



While a YRS calendar could conceivably cause a teacher to move to another North Carolina public 

school outside of Wake County, this decision might more likely be driven by something like a 

household move to another part of the state. Similarly, the impact of YRS on the decision to exit 

public school teaching – whether due to retirement or for some other reason (e.g. new career, move 

to another state, etc.) – is likely to be different than its impact on the decisions to move to another 

Wake school or to another school within North Carolina. To address this possibility, following 

Goldhaber, Gross, and Player (2011), we also estimate specifications using types of teacher 

transitions as alternative outcomes: the percent of teachers moving to a new school in the district, 

the percent moving to a school outside of the district, and the percent leaving the NC system. 

An additional concern one might have in comparing estimates across both locations is that 

identifying variation in NC comes exclusively from switches to YRS, while identifying variation 

in CA largely comes from switches away from YRS, back to a traditional calendar. However, the 

temporary nature of YRS use in California makes the switch back to traditional in most cases a 

subsequent event driven by switching to the calendar in the first place. In other words, the types 

of schools switching away from a YRS calendar are unlikely to be a highly selected subset of (or 

differ substantially from) those that switched to a YRS calendar (before our data begins). 

In addition to leads and lags of mean teacher variables presented in Figure A2, as further 

evidence regarding potential for time-varying selection, we present evidence in an event study 

style graph from our main estimation (equation 1) that includes dummy variables denoting the 

time until and time after a YRS calendar change. This analysis is presented for North Carolina in 

Figure A3. We present evidence using those schools that changed to a multi-track YRS calendar 

from a traditional calendar as part of the large-scale calendar conversion in the 2007-2008 school 

year (referred to as 2008). Panels A and B of Figure 2 present estimates and confidence intervals 



for the outcome of the number of teachers in the school. As time interactions are for schools 

changing in 2008, t=-2 is 2006, t=-1 is 2007, t=0 is 2008, t=1 is 2009 and t=2 is 2010. The 

(positive) effect in the change year has been centered at zero to make comparisons across years 

straightforward. In Panel A, the comparison group includes both traditional calendar schools that 

do not change calendar, as well as always year-round schools that do not change in the observed 

time period (plus a few new schools that open in the time period as year-round, and a few that 

change away from year-round). While Panel A therefore includes the full sample of schools used 

in estimation, Panel B restricts the comparison group for year-2008 converters to only those 

traditional calendar schools that do not experience a calendar change.  

As one can see from the graphs, there does not appear to be any strong pre-trend. There 

does, however, appear to be a small spike in the year before the calendar conversion year. This 

jump does not appear to reflect a general trend pre-dating the calendar change, but rather is more 

consistent with an anticipatory policy impact. If this were the case (although the estimate for t=-1 

is not highly statistically significant and only so in Panel B), then one might interpret estimates 

on the number of teachers for North Carolina as an underestimate (we estimate only a 4% 

increase in teachers in North Carolina compared to a 9% increase in teachers in California, 

relative to their respective means). In Figure A3, Panels C and D, comparable estimates for mean 

experience do not show a strong pre-trend either. However, in the reduced sample (Panel D), the 

estimate for t=-2 is statistically significant and positive. If one were to interpret this as a 

decreasing pre-trend, then our estimates of no change in teacher experience (which we report in 

the next section) would likely be downward biased. Regardless of whether estimates for North 

Carolina (Table 3) are interpreted directly or are interpreted as underestimates, any concerns 

about pre-trends impacting results do not explain the differences in effects found for our two 



locations. For California, we find additional teacher hiring with diminished experience (and 

possibly education levels), while for North Carolina we find additional teacher hiring with no 

change (or possible positive effects) for teacher qualifications. 

 

 



Dependent Variable: a next year change to 
a multi-track YRS calendar

1 2

Single-track YRS calendar 0.0445*** 0.0457***

(0.00781) (0.00781)

Traditional calendar 0.0504*** 0.0515***

(0.00560) (0.00568)

Charter School -0.00116* -0.00149

(0.000685) (0.00187)

Student variables (percent on 0-1 scale)

Percent Asian -0.00502 -0.00680

(0.00636) (0.00635)

Percent black 0.0102 0.00768

(0.00632) (0.00627)

Percent Hispanic/Latino -0.0142*** -0.0151***

(0.00307) (0.00308)

Percent other race -0.00135 -0.00195

(0.00193) (0.00191)

Percent on FRPM 1.96x10-5** 1.83x10-5*

(9.48x10-6) (9.50x10-6)

Percent male -0.000239 -0.000612

(0.00132) (0.00132)

computers/student 0.000151 0.000202*

(0.000108) (0.000115)

internet connections/student -0.000243 -0.000381

(0.000437) (0.000432)

Teacher variables (percent on 0-1 scale)

number of teachers 5.37x10-5

(3.39x10-5)

Percent working overtime -7.18x10-6

(2.16x10-5)

Percent with a Masters or PhD 2.67x10-6

(1.00x10-5)

Average years teaching 5.18x10-5

(6.19x10-5)

Average years in district -0.000313***
(7.22x10-5)

Percent fully credentialed -5.94x10-5**

(2.56x10-5)

Percent hired on special conditions 5.62x10-6

(2.10x10-5)

Percent certified special education -1.59x10-5

(1.06x10-5)

Percent certified bilingual 2.39x10-5*

(1.44x10-5)

Constant -0.0370*** -0.0312***

(0.00508) (0.00538)

Observations 81,727 81,727

R-squared 0.129 0.130
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
Notes: All regressions include year and school fixed effects

Table A1: Regressions of current school measure on a next year change to 
a MTYR calendar in California



Dependent variables:
number of 
teachers

percent working 
overtime

percent with 
Masters or PhD

average years 
teaching

average years in 
district

1 2 3 4 5

Multi-track YRS calendar 9.144*** -0.584*** -3.406*** -1.547*** -1.440***
(0.599) (0.149) (0.696) (0.116) (0.106)

Single-track YRS calendar -0.249 -0.437 11.06*** -0.272 0.0450
(0.984) (0.275) (1.013) (0.217) (0.220)

Observations 85,120 85,120 85,120 85,120 85,120
R-squared 0.108 0.022 0.049 0.102 0.106

Dependent variables:
percent full 
credentials

 percent special 
conditions

percent cert. 
special educ.

percent cert. 
bilingual educ.

6 7 8 9

Multi-track YRS calendar 0.125 -0.308 -2.328*** 2.003***
(0.369) (0.384) (0.188) (0.495)

Single-track YRS calendar 4.125*** -3.769*** 3.138*** 4.022***
(0.400) (0.385) (0.558) (0.818)

Observations 85,120 85,120 85,120 85,120
R-squared 0.906 0.249 0.213 0.170

*** p<0.01, ** p<0.05, * p<0.1

Table A2: Estimation Results for California, without school fixed effects or school-specific time trends

Robust standard errors in parentheses. Errors are clustered at the school level.

Notes: All specifications include year effects and the following school control variables: student racial and gender composition, 
percent of students eligible for free and reduced price meals, computers and internet connected devices per student, and whether 
the school is a charter school.



Dependent variables:
number of 
teachers

percent working 
overtime

percent with 
Masters or PhD

average years 
teaching

average years in 
district

1 2 3 4 5

Multi-track YRS calendar 7.506*** 0.237 -3.579*** -1.681*** -1.787***
(0.329) (0.161) (0.589) (0.115) (0.105)

Single-track YRS calendar 0.0124 0.781 1.904* -0.196 -0.211
(0.461) (0.520) (1.052) (0.204) (0.161)

Observations 85,120 85,120 85,120 85,120 85,120
R-squared 0.960 0.396 0.705 0.670 0.705

Dependent variables:
percent full 
credentials

 percent special 
conditions

percent cert. 
special educ.

percent cert. 
bilingual educ.

6 7 8 9

Multi-track YRS calendar -2.869*** 2.886*** -0.549*** 0.644
(0.466) (0.471) (0.199) (0.452)

Single-track YRS calendar 3.063*** -3.061*** 0.00978 -0.244
(0.673) (0.671) (0.612) (0.782)

Observations 85,120 85,120 85,120 85,120
R-squared 0.946 0.572 0.651 0.534

*** p<0.01, ** p<0.05, * p<0.1

Table A3: Estimation Results for California, including school fixed effects, but no school-specific time trends

Robust standard errors in parentheses. Errors are clustered at the school level.

Notes: All specifications include year effects and the following school control variables: student racial and gender composition, 
percent of students eligible for free and reduced price meals, computers and internet connected devices per student, and whether 
the school is a charter school.



Dependent variables:
number of 
teachers

percent working 
overtime

percent with 
Masters or PhD

average years 
teaching

average years in 
district

1 2 3 4 5

Multi-track YRS calendar 6.182*** 0.655** -1.681*** -0.829*** -0.780***
(0.430) (0.302) (0.479) (0.0932) (0.0827)

Single-track YRS calendar 0.0617 1.361** -0.689 -0.497*** -0.478***
(0.436) (0.694) (0.650) (0.172) (0.133)

Observations 84,743 84,743 84,743 84,743 84,743
R-squared 0.979 0.469 0.821 0.812 0.841

Dependent variables:
percent full 
credentials

 percent special 
conditions

percent cert. 
special educ.

percent cert. 
bilingual educ.

6 7 8 9

Multi-track YRS calendar 9.365*** -1.280*** -0.516 -0.388
(2.046) (0.410) (0.361) (0.664)

Single-track YRS calendar 17.36*** -1.055* 1.852** 1.170
(2.785) (0.600) (0.815) (1.022)

Observations 84,743 84,743 84,743 84,743
R-squared 0.498 0.733 0.590 0.524

*** p<0.01, ** p<0.05, * p<0.1

Table A4: Estimation Results for California including both fixed effects and school-specific time trends, no time-varying controls

Robust standard errors in parentheses. Errors are clustered at the school level.

Notes: All specifications are estimated using stata command reghdfe, which allows for estimation using a large dummy variable set, 
as well as that dummy variable set interactied with a linear trend. All specifications include year effects.



Dependent variables:
number of 
teachers

percent working 
overtime

percent with 
Masters or PhD

average years 
teaching

average years in 
district

1 2 3 4 5

Multi-track YRS calendar 4.702*** 0.462** -0.414 -0.694*** -0.648***
(0.456) (0.189) (0.553) (0.0928) (0.0790)

Single-track YRS calendar -0.441 -0.302 1.052 -0.232 -0.235*
(0.607) (0.426) (0.850) (0.164) (0.131)

Observations 56,089 56,089 56,089 56,089 56,089
R-squared 0.986 0.554 0.856 0.850 0.868

Dependent variables:
percent full 
credentials

 percent special 
conditions

percent cert. 
special educ.

percent cert. 
bilingual educ.

6 7 8 9

Multi-track YRS calendar 0.806* -1.191** 0.282 1.331*
(0.428) (0.467) (0.212) (0.773)

Single-track YRS calendar 0.585 0.0987 -0.156 -1.202
(0.593) (0.618) (0.382) (1.290)

Observations 56,089 56,089 56,089 56,089
R-squared 0.779 0.767 0.730 0.665

*** p<0.01, ** p<0.05, * p<0.1

Table A5: Estimation Results for California including both fixed effects and school-specific time trends (See Table 2), 
balanced panel of schools only

Robust standard errors in parentheses. Errors are clustered at the school level.

Notes: All specifications are estimated using stata command reghdfe, which allows for estimation using a large dummy variable 
set, as well as that dummy variable set interacted with a linear trend. All specifications include year effects and the following 
school control variables: student racial and gender composition, percent of students eligible for free and reduced price meals, 
computers and internet connected devices per student, and whether the school is a charter school. The sample has been limited to 
only those schools that are observed for each year between 1998 and 2008. 



Dependent variables:
number of 
teachers

percent working 
overtime

percent with 
Masters or PhD

average years 
teaching

average years in 
district

1 2 3 4 5

Multi-track YRS calendar 3.343*** 0.911*** -1.263 -0.335** -0.274**
(0.493) (0.308) (1.121) (0.138) (0.115)

Single-track YRS calendar -0.943** 0.724 -0.297 -0.482** -0.345**
(0.409) (0.598) (0.852) (0.229) (0.171)

Observations 33,573 33,573 33,573 33,573 33,573
R-squared 0.993 0.741 0.917 0.918 0.934

Dependent variables:
percent full 
credentials

 percent special 
conditions

percent cert. 
special educ.

percent cert. 
bilingual educ.

6 7 8 9

Multi-track YRS calendar -0.365 -0.302 0.232 -2.728
(0.400) (0.545) (0.601) (1.796)

Single-track YRS calendar -0.486 0.732 0.0152 -1.912
(0.475) (0.626) (0.718) (2.068)

Observations 33,573 33,573 33,573 33,573
R-squared 0.989 0.755 0.880 0.791

*** p<0.01, ** p<0.05, * p<0.1

Table A6: Estimates for California in Table 2, repeated for the same sample years as used for WCPSS, 2006-2010

Robust standard errors in parentheses. Errors are clustered at the school level.

Notes: All specifications are estimated using stata command reghdfe, which allows for estimation using a large dummy variable 
set, as well as that dummy variable set interactied with a linear trend. All specifications include year effects and the following 
school control variables: student racial and gender composition, percent of students eligible for free and reduced price meals, 
computers and internet connected devices per student, and whether the school is a charter school. 



T-stat of 

Mean SD observations Mean SD observations Differenceb

A. Student Variables
percent students, FRPM 0.359 (0.141) 441 0.270 (0.158) 176 0.423
percent black 0.294 (0.140) 441 0.202 (0.142) 176 0.465
percent hispanic 0.128 (0.074) 441 0.128 (0.083) 176 -0.001
percent white 0.475 (0.160) 441 0.560 (0.188) 176 -0.347
percent of students, passed end-of-grade reading tests 0.777 (0.135) 441 0.774 (0.131) 176 0.013
percent of students, passed end-of-grade math tests 0.770 (0.096) 441 0.839 (0.091) 176 -0.524

B. School Variables
average daily attendance 0.955 (0.008) 441 0.957 (0.006) 176 -0.209
annual yearly progress 0.420 (0.494) 441 0.534 (0.500) 176 -0.163
students/instructional computer 3.191 (0.988) 441 3.620 (0.932) 176 -0.316
percent crowding, includes mobile classrooms 101.924 (14.650) 441 88.634 (15.076) 176 0.632
books/student 17.218 (5.668) 441 17.089 (5.244) 176 0.017
crimes per 100 students 0.512 (0.763) 441 0.261 (0.641) 176 0.252
number of long term suspensions 0.329 (0.744) 441 0.108 (0.392) 176 0.263
percent poverty 0.422 (0.168) 441 0.307 (0.172) 176 0.476

C. Teacher Characteristics
number of teachers 52.095 (13.345) 441 56.761 (12.396) 176 -0.256
percent teacher turnover 0.229 (0.092) 441 0.184 (0.078) 176 0.369
percent of teachers, lateral entry 0.018 (0.025) 345 0.011 (0.020) 102 0.206
percent of teachers, 0-4 years experience 0.231 (0.094) 441 0.215 (0.083) 176 0.123
percent of teachers, 4-10 years experience 0.322 (0.081) 441 0.358 (0.072) 176 -0.331
percent of teachers, 11+ years experience 0.448 (0.113) 441 0.427 (0.105) 176 0.132
percent of teachers, advanced degrees 0.298 (0.082) 441 0.300 (0.082) 176 -0.017
percent of teachers, fully licensed 0.965 (0.042) 441 0.981 (0.031) 176 -0.294
percent of classes taught by highly qualified teachers 0.980 (0.044) 441 0.989 (0.032) 176 -0.157
number of teacher, National Board Certified 5.849 (3.694) 437 9.540 (6.075) 176 -0.519
annual salarya 37,881 (9783) 14479 39,890 (10441) 7059 -0.140
years of experiencea 12.519 (8.689) 14479 12.104 (8.412) 7059 0.034
percent of teachers with mastersa 0.344 (0.475) 14479 0.337 (0.473) 7059 0.011
percent of teachers with advanced degree or Phda 0.006 (0.079) 14479 0.006 (0.076) 7059 0.004

D. Teacher Turnover  a

percent of teachers, stay in current school 0.864 (0.343) 14479 0.890 (0.312) 7059 -0.058
percent teachers, leave for new Wake school 0.075 (0.264) 14479 0.061 (0.240) 7059 0.039
percent teachers, leave for new NC school outside of Wake 0.012 (0.110) 14479 0.007 (0.086) 7059 0.035
percent teachers, exit sample 0.049 (0.216) 14479 0.041 (0.198) 7059 0.028
Notes:
a. These measures use teacher-level data, rather than school-level
b. T-statistics suggests means of these characteristics are not statistically different across schools of different calendar types.

Table A7: Wake County, NC student, school and teacher characteristics summarized separately by calendar type
Traditional Multi-Track YR



Figure A1 

Note: Sample size are 116 schools in 2006, 121 schools in 2007, 122 schools in 2008, 126 schools 
in 2009 and 133 schools in 2010. 



Figure A2: Plot of mean teacher outcome measures surrounding the 2007-2008 
calendar change year in Wake County, North Carolina 
 
Panel A 

 
Panel B 

 
Notes:  

Panel A shows a line graph through the mean number of teachers by year for schools that 
change calendar in the 2007-2008 school year compared to schools that remain on a 
traditional calendar through the entire sample.  

Panel B shows the same comparison for the mean of school average teaching experience.  

Since the large-scale calendar conversion in WCPSS happened in the 2007-2008 school year 
(2008), 2006 and 2007 on the graphs are years before the calendar change, while 2008 
through 2010 are years after the calendar change. 

These graphs include all observations in each year, including new schools that open during the 
sample years. Refer to Table 1 for observation counts for each year. 
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Figure A3: Estimates by year for North Carolina (WCPSS) calendar changes to multi-track YRS in the 2007/2008 school year (t=0) 
Panel A (full sample) Panel B (non-changers and large-scale converters) 

Panel C (full sample) Panel D (non-changers and large-scale converters) 

Notes: Estimates plotted in these graphs come from estimation including controls, year effects and school fixed effect, plus 
interactions of a dummy for schools that convert to multi-track year-round in the 2007-2008 school year with year effects. The 
coefficients and confidence intervals for those interactions are plotted in each graph, with the main effect for 2007-2008 centered 
at zero. Panels B and D restrict schools to those that convert to a multi-track YRS in the 2007-2008 school year and use as a 
comparison group only schools that remain traditional the entire sample period. Panels A and C use the full sample, including other 
schools that do not change and new schools. 
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