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The Effects of Experience and
Attrition for Novice High-School
Science and Mathematics Teachers
Gary T. Henry,1* C. Kevin Fortner,2 Kevin C. Bastian3
Because of the current high proportion of novice high-school teachers, many students’ mastery
of science and mathematics depends on the effectiveness of early-career teachers. In this
study, which used value-added models to analyze high-school teachers’ effectiveness in raising
test scores on 1.05 million end-of-course exams, we found that the effectiveness of high-school
science and mathematics teachers increased substantially with experience but exhibited
diminishing rates of return by their fourth year; that teachers of algebra 1, algebra 2, biology,
and physical science who continued to teach for at least 5 years were more effective as novice
teachers than those who left the profession earlier; and that novice teachers of physics, chemistry,
physical science, geometry, and biology exhibited steeper growth in effectiveness than did
novice non–science, technology, engineering, and mathematics teachers.
n the past two decades, the teacher labor
market has dramatically changed in response
to more employment opportunities for women, increased demand for teachers, and policies
opening new pathways into the profession (1).
For instance, the modal value of experience for
U.S. teachers dropped from 15 years in 1987–
1988 to 1 year in 2007–2008 (2). Additionally, turnover for beginning teachers is high: After
just 5 years, nearly 50% of all novice teachers
have exited the profession (3). This churn of beginning teachers in and out of public schools
results in more students, particularly poor and/or
ethnic minority students, being taught by novice
teachers (4, 5), and that in turn leads to reduced
student achievement (6–11). Investigating the
consequences of these teacher labor market
conditions for high-school students’ science and
mathematics achievement—specifically, the effects of experience and attrition among novice
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teachers—will shed light on challenges facing
education and career preparation in science and
mathematics.
We quantified the growth in effectiveness of
high-school science and mathematics teachers
and the effects of those teachers who exit public
school classrooms. We analyzed effectiveness
using scores on standardized tests given to highschool students in three mathematics courses and
four science courses. We define teachers’ effectiveness in terms of the increases in their students’
test scores, adjusted for the prior achievement of
the individual students and for other student,
classroom, and school covariates. Prior research
shows that the average effectiveness of novice
teachers increases during their first 3 years and
flattens thereafter (12–14); and that after differences in effectiveness that are attributable to experience are removed, less effective teachers are
more likely to exit the profession (10, 15, 16).
We extended this research to investigate teacher effectiveness in specific high-school courses
and addressed three questions: (i) To what extent do novice high-school science and mathematics teachers become more effective with
additional experience? (ii) Are novice high-school
science and mathematics teachers who exit public schools more or less effective than those who
stay? [There is little published research on where
teachers who exit public schools are subsequently employed, but it suggests that leaving for
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higher-paying jobs in the private sector is relatively rare (17).] (iii) Do the rates of change in
effectiveness for high-school science and mathematics teachers vary by course?
Student outcomes are related to variations
in many school-related factors, including leadership; an orderly environment; high student expectations; a focus on student outcomes; a positive
school culture; parental involvement; and, most
closely, to teachers’ effectiveness (18, 19). Teachers are the most important school-related variable explaining variation in student achievement
(12, 18, 20), and teacher experience positively
affects student performance (6–11). Most gains
in effectiveness occur in the first 3 years of
teachers’ careers, with minimal increases thereafter (13).
It is likely that through teaching experience,
trial and error, professional development, mentoring, and/or collaboration with fellow educators, teachers learn rapidly during their first few
years on the job. However, some of the average
increases in effectiveness that have been attributed to experience may be a statistical artifact
caused by the exit of less effective early-career
teachers, thereby overstating the year-to-year differences in the statistics related to experience.
Recent research supports this second explanation, finding that exiting teachers are less effective than comparable teachers who remain in
the profession (10, 15, 16). Here we disentangle
the effects of teacher development from differential attrition among high-school teachers of
science and mathematics courses.
To assess the effectiveness and attrition of
novice science and mathematics teachers, we developed a data set from North Carolina containing end-of-course test scores for seven science
and mathematics courses—algebra 1, algebra 2,
geometry, biology, chemistry, physical science,
and physics—and three other courses—English
1, U.S. history, and civics/economics—which we
grouped together for the purposes of our analysis
and label non-STEM (science, technology, engineering, and mathematics) courses. Our study
sample included all teachers in tested subjects
with less than 5 years of experience employed
in any regular North Carolina public high school
from 2005–2006 through 2009–2010. The most
crucial feature of the data set is that students and
teachers were linked on the basis of actual classroom rosters, which allowed us to match approx-
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imately 93% of high-school teachers to students
in their courses; to construct student, teacher, and
classroom covariates; and to account for students who had multiple teachers for any course.
In total, the sample included 1.05 million test
scores, 624,842 unique students, and 7961 unique
teachers with less than 5 years of experience.
The outcome variable analyzed was the students’ score on a standardized exam: the North
Carolina End-of-Course Tests. These exams are
designed to test students’ knowledge and skills
based on the North Carolina Standard Course of
Study objectives for each course, which follow
the frameworks of the National Assessment of
Educational Progress and recommendations from
national standard-setting groups (21, 22). The
items on these tests covered a range of cognitive
skills, from remembering to analyzing and evaluating; included four potential response options;
and were designed to cover a range of difficulty
from easy (25%) to medium (50%) to hard (25%).
Multiple versions of each test with different
items reduce teachers’ ability to predict the items,
while providing equivalent scores across different versions. For example, there were 12 versions
of the chemistry test, each of which included 92
unique items, meaning that a total of 1104 items
were in use during the study period (21). To remove any year-to-year differences in test scores
and to estimate effects in standard deviation units
(SDUs), we standardized all tests within course
and year by centering observations on the mean
and dividing by the standard deviation.
To assess the development and attrition of
novice science and mathematics teachers, we
estimated two sets of subject-specific models, in
which focal development variables were four
dichotomous experience indicators coded 1 for
teachers with the designated experience level (1,

2, 3, or 4 years, respectively) and 0 for teachers
with other experience levels (comparisons were
to teachers with 0 prior years of experience).
The two sets of models included different focal
variables to measure the impact of teacher attrition and separate its effect from teacher development. Based on certified salary files supplied
by the North Carolina Department of Public Instruction, the focal variable in model 1, labeled
“leaves within 5 years,” was coded 1 for teachers who leave North Carolina public schools before beginning a sixth year of service and 0 for
all others; the focal variable in model 2, labeled
“last year,” was coded 1 for teachers in a given
year who will not be paid as teachers in the following school year and 0 for all others. In model 1, the coefficient on “leaves within 5 years”
provided an estimate of the overall average effectiveness of exiting teachers, while netting out
the effects of attrition [see eq. 1 in the supporting online material (SOM)]. In model 2, the coefficient on the “last year” indicator estimated
the average effectiveness of novice teachers in
their final year, while removing the effect of
teachers who will leave at the end of the year
(which is commonly known as the marginal rate
of return to experience). In addition, model 2
included interaction terms between experience
and “last year” to allow the average effectiveness of departing teachers to vary based on the
year of exit (see eq. 2 in the SOM).
To estimate differences in the rates of change
of teachers’ effectiveness by course, we combined
all courses in a third model and substituted a continuous measure of experience and its squared
term into the value-added models. In model 3,
we interacted both experience measures with
course indicator variables to compare slopes and
rates of change by subject (see eq. 3 in the SOM).

Results from this model compare the average returns to experience for novice science and mathematics teachers to those of novice teachers in
non-STEM courses. All model specifications use
value-added models with student, classroom, and
school covariates, including students’ prior test
scores (Table 1).
We find (Table 2) that teachers of all four
science subjects experience gains of at least 0.11
SDU (“2nd Year Teachers”) between their first
and second year of teaching, as compared to lesser
gains of 0.06 to 0.09 SDU for all three mathematics courses and non-STEM courses. Secondyear physics teachers post the largest gains of
0.38, with chemistry, physical science, and biology teachers posting gains of 0.17, 0.16, and
0.12 SDU, respectively. For all teachers, returns
to experience diminish rapidly. The effectiveness
of novice algebra 2, geometry, biology, and chemistry teachers peaks in their fourth year, whereas
algebra 1, physics, and non-STEM teachers continue to increase in effectiveness through their
fifth and final year that is included in this data
set. In the middle panels of Table 2, the coefficients on the experience variables quantify the
marginal rates of return to experience, separating out the effects of teachers who leave the
next year, which are either larger or smaller
than the coefficients on experience in model 1,
depending on the effectiveness of teachers who
exited.
Comparing average effectiveness, novice teachers who will remain teaching beyond 5 years are
more effective in four of seven science and mathematics courses than teachers who will leave
before completing 5 years (Table 2). In courses
where differences are significant, the average difference in effectiveness for teachers who exit within 5 years ranges from –0.102 for physical science

Table 1. Covariates used in analyses.

Student Covariates

Classroom Covariates
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Table 2. Average effectiveness of novice teachers who stay and who exit by course (focal variables only). All results are in comparison to first-year
teachers who stay in North Carolina public schools for at least a second year. *, **, and *** indicate significance at the P < 0.05, P < 0.01, and P < 0.001
levels, respectively.
Algebra 1

Algebra 2

to – 0.036 for biology when compared to teachers with the same level of experience who stay.
Exiting geometry, chemistry, and physics teachers are neither more nor less effective than those
who stay.
In the middle panels of Table 2, we examine
the effectiveness of exiting teachers in their final
year of teaching (“last year”). Teachers in four
science and mathematics courses—algebra 1, algebra 2, geometry, and physical science—and the
non-STEM courses who leave the profession within
5 years are less effective in their last year on the job.
For non-STEM courses, novice teachers exhibit a positive slope and diminishing returns to
experience (Table 3). Novice algebra 1 and algebra 2 teachers exhibit patterns similar to those of
non-STEM teachers. Novice biology and physical
science teachers exhibit higher rates of growth,
but also rates of return to experience that dampen
more quickly than those of non-STEM teachers.
Finally, novice geometry, chemistry, and physics
teachers show steeper slopes but diminishing returns to experience similar to those of non-STEM
teachers.
Figure 1 shows the average effectiveness of
teachers in each of their first 5 years in the profession, by subject, to allow effectiveness trajectories to be directly compared. On average, novice
teachers’ trajectories plateau or fall by their fifth
year. Furthermore, the order of the lines indicates
the consequences of the loss of experienced science and mathematics teachers when they are
replaced by first-year teachers. These conse-

1120

Geometry

Biology

Chemistry

Physical Science

Physics

Non-STEM

Table 3. Returns to experience for novice high-school teachers by course. *, **, and *** indicate
significance at the P < 0.05, P < 0.01, and P < 0.001 levels, respectively.

Main Effects

Coefficient

Interaction Effects

Coefficient

quences, in terms of student achievement, are
most sizable for physics and chemistry, representing losses of approximately 0.25 to 0.4
SDU, on average; then physical science, geometry, and algebra 2, representing losses between
0.1 and 0.2 SDU, on average; and finally, al-
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gebra 1, biology, and non-STEM, representing
losses of less than 0.1 SDU, on average.
Overall, novice teachers of high-school science and mathematics exhibit significant returns
to experience early in their careers that diminish
after 4 years of teaching. This indicates that (i)
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Fig. 1. Average effectiveness of novice high-school teachers.
beginning teachers have a tremendous capacity
for improving quickly, and (ii) students of beginning teachers will not achieve at the same
levels as students with more experienced teachers. Our results show that increased reliance on
novice teachers leads to lower average teacher
effectiveness. In light of current teacher labor market conditions, key questions include the following: (i) How to get more effective science and
mathematics teachers into high-school classrooms?
(ii) Can science and mathematics teachers be
better prepared through more preservice experience in classrooms, increased focus on instructional skills, and deeper knowledge of content by
the time they begin teaching?
Different high-school subjects show different impacts of teacher turnover. For courses with
steeper effectiveness growth curves—physics,
chemistry, and geometry—the loss of these experienced teachers has the greatest consequences
for student performance. For courses with less
steep growth curves—algebra 1, algebra 2, biol-

ogy, and physical science—the loss of more experienced teachers has less severe consequences.
But both cases call for recruiting more able, motivated, and committed teachers. Could these
teachers be better screened by evaluating their
academic performance, persistence, ability to engage audiences, and projected commitment to
teaching, specifically teaching STEM courses
to high-school students? Would incentives, such
as higher salaries, assignment to fewer courses per
year, or paid opportunities for research with university faculty during summers or semester leaves,
help retain more of the experienced teachers?
The current churn of the teacher labor market
is working against higher student achievement
in STEM courses. Although most current education policies that affect teachers do not distinguish
between teachers of different types of courses,
our results strongly suggest that distinctions between STEM and non-STEM teachers, and even
among STEM teachers who teach different courses,
may be warranted.
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