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About the Alliance for Excellent Education

The mission of the Alliance for Excellent Education is to promote high
school transformation to make it possible for every child to graduate

prepared for postsecondary learning and success in life.

The Alliance for Excellent Education is a national policy and advocacy
organization, based in Washington, DC, working to improve national
and federal policy so that all students can achieve at high academic levels
and graduate high school ready for college, careers, and citizenship in the
twenty-first century.

The Alliance has developed a “Framework for Action to Improve Secondary
Schools” that informs a set of federal policy recommendations based on the
growing consensus of researchers, practitioners, and advocates about the

challenges and solutions for improving secondary student learning.

The framework, shown graphically here, encompasses seven policy areas
that represent key leverage points in ensuring a comprehensive, systematic

approach to improving secondary education. The framework also captures
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Measuring Student Achievement
Growth at the High School Level

Joseph Martineau
Michigan Department of Education

s education policies at the local, state, and federal levels
increasingly include accountability for student achievement, and
as the stakes attached to that accountability have risen, interest in

various accountability models has grown substantially.

Most accountability models currently in use—including those initially
implemented by states to comply with the requirements of the No Child
Left Behind Act of 2001 (NCLB)—focus on an absolute level of student
achievement. These “status-based” models primarily hold schools, districts,
and states accountable for meeting a state-set percentage of students
performing at some minimum achievement standard on state-administered

assessments.

For example, consider the following scenario of two high schools in a state
that uses a status-based accountability model for NCLB. High School A
serves a high-challenge student population: only 30 percent of entering

freshman scored “proficient” or above on the eighth-grade mathematics
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exam. High School B serves a lower-challenge student population: 65
percent of entering freshman scored proficient or above on the eighth-grade
mathematics exam. To make Adequate Yearly Progress (AYP) and avoid
NCLB-mandated sanctions, both schools need to meet the state-set goal of
70 percent of students scoring proficient or above on the mathematics exam
administered to tenth graders. Such status-based accountability models have

come under criticism for a number of reasons, including the following:

* Regardless of student background characteristics, risk factors,
and incoming education levels, both schools in our hypothetical
scenario need to reach the same status target. That means that,
over the same period of time, High School A is expected to achieve

significantly more progress than High School B.

* There is significant pressure to meet the status goal. As a result,
educators in both high schools must focus efforts on meeting the
proficiency target, but the impact is greatest in High School A
because there is more ground to make up. This has two unintended

consequences:

* First, in both schools, classroom teachers may narrow
instruction to focus on the content and test-taking skills
that will help students score proficient on the exam, at the
expense of other rich content, but the incentive to do so is

stronger in High School A.

* Second, classroom teachers may pay disproportionate
attention to the students who are just below the proficient
level and can most easily be supported to score proficient
and help the school meet its proficiency level. Meanwhile,
little attention may be paid to the equally important
progress of other students on the performance spectrum,
including both those who are furthest behind and those who
are already likely to score proficient or above. Again, the

incentive is stronger in High School A.
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As states have implemented NCLB, criticism of these status-based models
has increased, along with calls for a shift to accountability models. This
has led to widespread interest in the implementation of “growth models”
that value progress or growth in addition to absolute performance, and that
measure—and, therefore, provide incentive to improve—the progress of
all students along the performance spectrum, not only those szudents who
perform just below the proficient bar. Advocates for such accountability
models see them as mechanisms for measuring and supporting the goal of

improving outcomes for all students over time.

As the policy community looks to the possible inclusion of growth models
in the reauthorization of NCLB, there are several issues that need to be
better understood. This chapter explains the technical underpinnings

of growth models, describes the various types of growth models, states
challenges inherent to measuring “growth” at the high school level, and
explores implications for policymakers interested in moving toward the
widespread use of growth models.

Accountability Models Reflect Expectations

The shift from status-based models to growth-based models would include
a significant shift in the balance of expectations within school systems. The

expectations implicit in both status- and growth-based models are

described below.

Expectations implicit in status-based models

In accountability models based purely on status (such as those currently
used by most states to comply with NCLB), the following expectations

are implicit:

¢ All students will be expected to achieve the same minimum level
P
of achievement at the same moment in time, regardless of previous

level of academic achievement or socioeconomic factors.
* Educators will be held accountable for achieving different levels of

effectiveness in eliciting student progress depending on the previous
level of academic achievement of the children they serve.
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Expectations implicit in pure growth-based models

In accountability models based purely on student growth, the following

expectations are implicit:

* All educators will be held accountable for the same level of
effectiveness in eliciting student progress or growth, regardless of the
previous level of academic achievement of the children they serve.

* Students will be expected to achieve the same minimum amount of
progress, regardless of the previous level of academic achievement
or socioeconomic factors. In a pure growth model, expecting the
same amount of growth from every student regardless of incoming
achievement assumes no expectation for closing achievement gaps

and no common expectation of ultimate achievement.

These pure models represent the extremes on the accountability spectrum.
They also represent the tension between conflicting policy goals: expecting
common achievement for all students versus setting common expectations
for educators’ relative performance. The challenge for policymakers is to
implement accountability models that balance the tensions between

these goals.

In 2005, the U.S. Department of Education announced a pilot program

to allow some states to use an approved growth model for NCLB
accountability purposes that counts students “on trajectory toward
proficiency within X years.”" In establishing the parameters for the pilot, the

department defined an appropriate balancing of expectations in this way:

* Educators will be expected to elicit more growth (or learning) in
their students whose incoming achievement is below grade level in
such a way that on-grade-level competency will be achieved within

three years (instead of one).
* Students achieving below grade level will be expected to

demonstrate slightly more growth (or learning) than their peers who

are achieving at or above grade level.
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* Students achieving below grade level will 7oz be expected to
perform at the same minimum competency level as their peers until

three years into the future.

This balance can be further described as delayed but completely common
expectations for students, and more similar but not completely common

expectations for educators.

One intended major benefit of this prescribed balance is that the
achievement or growth of @// students can count positively toward

the accountability determinations of educators, schools, and systems:
students already proficient count positively, of course, and any students
not yet proficient count positively as long as they are progressing toward
proficiency. This is the significant difference from the status models, in
which accountability determinations benefit only from extraordinary effort
with students already very close to the proficiency target. However, one
considerable flaw in this prescribed balance is the unreasonable expectation
that educators will effectively move a// students from below proficient to
proficient or above within three years. It can be reasonably argued that
students farther from acceptable competency should be given more time

to rise to the proficient level, and the amount of time allowed should be
based upon an aggressive but commonly observable level of consistent
improvement. This approach would make it more plausible that all students
can count positively in accountability determinations, by demonstrating
that reasonably large numbers of students were able to show the targeted
level of growth.

This suggested alternate balance can be described as delayed but eventually
common expectations for all students, and similar enough expectations of

educators that the expectations are reasonably attainable.

What Are Growth Models?

There are several different types of growth models that can be used to
measure growth or progress in student learning, each with different

technical requirements.
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Types of achievement scales

The foundation for a growth model is the scale on which achievement

is measured. The characteristics of the scale define the type of numerical
operations that can be performed to calculate growth or progress. There are
three important characteristics of scales that have an impact on the types
of growth models that are possible to implement: numerical level, span of

measurement, and measurement frequency.

Numerical level of achievement scales

Scales on which growth might be measured have typically been described in

three broad numerical categories:*

1. Ratio scales, in which (a) a true zero exists, (b) the difference
between numbers equally distant numerically represent comparable

differences in value, and (c) rank order is preserved.

Example: A salary scale, in which (a) $0 indicates no income,

(b) the difference between $40,000 and $50,000 represents the
same amount of money as the difference between $1,040,000
and $1,050,000, and (c) higher numbers always represent greater

salaries.

Application to growth in student learning: 1f a ratio scale is used to
calculate student growth or progress in achievement, it is possible
to measure that, for example, a student has doubled his previous
achievement. However, achievement scales do not in practice

have meaningful zero points—what would it mean to have zero
mathematics or reading achievement? Therefore, it is unreasonable
to expect that such inferences could be made legitimately from a

growth model of student achievement.
2. Interval scales, in which (a) a true zero does not exist, (b) the

difference between equally distant numbers represents comparable

differences in value, and (c) rank order is preserved.
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Example: The Fahrenheit temperature scale, in which (a) 0°F does
not represent absence of temperature, (b) the difference between
40°F and 50°F represents the same amount of additional heat as
the difference between 140°F and 150°F and (c) higher numbers

always represent hotter temperatures.

Application to growth in student learning: 1f an interval scale is

used to calculate student growth in achievement, it is possible to
measure that a student has progressed twice as much as a peer,
because differences can be compared directly. Many achievement
test producers and psychometric scholars claim that an interval
achievement scale can be produced, and that therefore differences in
growth or progress can be directly compared. However, many other
test producers and scholars dispute this claim, indicating that this

is only true if the psychometric model used to produce the scales

is a true mathematical representation of the relationship between
student achievement and answers they give to test questions.*
Therefore, it may or may not be reasonable to expect that inferences
directly comparing the growth or progress of one student to the
growth or progress of another could be made legitimately from a

growth model of student achievement.

. Ordinal scales, in which (a) a true zero does 7ot exist, (b) the
difference between equally distant numbers does not represent

comparable differences in value, and (c) rank order is preserved.

Example: Placement in a running event, in which (a) zero does not
indicate absence of placement, (b) the difference between rankings
1 and 2 may be minor, but the difference between rankings 3 and
4 may be major, and (c) a higher number always means a longer

running time and worse placement.

* The psychometric models typically represent the probability that a student of a certain
achievement level will answer a test item correctly. It is clearly reasonable to assume that higher-
achieving students generally have a higher probability of answering a test item correctly. However,
the exact form of the relationship between student achievement and probability of answering a

test item correctly is a matter of debate. Current psychometric models attempt to mirror reality by
changing the form of the relationship. The model that best conforms to how things actually happen
inside students’ heads will produce scores with the best interval-level measurement properties.
However, it is impossible to know what the actual form of the relationship should be, because it is
unobservable. Therefore, psychometric claims to produce an interval-level scale are unprovable and
subjective.
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Application to growth in student learning: 1f the increasing
community of skeptics is correct that the existence of interval-

level scales cannot be verified, then the scales must be treated as
ordinal scales to avoid significant skewing of analyses based on

the scales. Achievement scales can be reasonably described as the
interval scale at a minimum. Because ordinal scales can be used to
compare ranks, it is therefore reasonable to expect that inferences
comparing ranks can be legitimately drawn from a growth model of
student achievement. If ranks can be compared from year to year,
then a growth model is possible but is limited in usefulness by the
number of ranks. There are typically four ranks in each grade level,
representing far below grade level, below grade level, on grade level,
and above grade level in assessments used for accountability under
NCLB. To expand the usefulness of growth models, a fourth type of

scale is needed:

. Ordered interval, which lies between ordinal and interval and

thus is called “ordered interval” here, and in which (a) a true zero
does nor exist, (b) the difference between equally distant numbers
represents approximately comparable differences in value for

numbers close to each other, and (3) rank order is preserved.

Example: Scale score from an achievement test, in which (a) zero
does not mean no achievement, (b) the difference between 100 and
110 is likely approximately equal in value to the difference between
110 and 120, but its comparability to the difference between 310
and 320 is questionable, and (c) larger numbers always represent

greater achievement.

Application to growth in student learning: With an ordered interval
scale, it is possible to identify certain points on a scale that represent
on-grade-level achievement of third graders (say, 300), fourth
graders (say, 400), and so on. With such anchor points on the scale,
movement along the scale from 300 to 400 represents movement
from minimum expected competency in third grade to minimum
expected competency in fourth grade, or the target amount of

growth from one year to the next to maintain minimum expected
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competency. Any movement to measurably above 400 would
indicate “more than one year’s growth for one year of instruction,”
and any movement to measurably below 400 would indicate “less
than one year’s growth for one year of instruction.” However, this
only works for students whose proficiency in the first year is at

minimum expected competency on the scale.

To expand the usefulness of growth measures, an ordered interval scale can
also be used to define additional equivalency anchors. For example, the
point of minimum expected competency might be labeled “proficient,”

but there might also be another point on the scale above which one would
not expect students performing at grade level to score. This point might

be labeled “advanced” and identified for third graders (say, 350), fourth
graders (say, 450), and so on. For example, with these additional anchor
points on the scale, movement along the scale from advanced in third grade
to advanced in fourth grade represents moving from above grade level one
year to an equivalent point the next. In this case, the amount of growth
can be defined as the target amount of growth from one year to the next to
maintain above-grade-level achievement, or one year of growth for one year

of instruction for such students.

Any number of such equivalency anchors can be defined on an ordered
interval scale to expand the usefulness of a growth model in measuring

the growth of a student starting out at any point to determine whether a
student demonstrated more, equal to, or less than one year’s growth for one
year of instruction. For example, one might use the three anchor points on
typical state assessments used for NCLB compliance that define four levels,
and subdivide the four ranges of the scale based upon the approximate
equivalence of differences (or approximately interval-level measurement)

in nearby parts of the scale. Such subdivision provides a larger number of
ranks that can then be used to measure student growth more precisely than
is possible with the relatively wide rankings used for NCLB. For example,
rather than having only proficient (300/400) and advanced (350/450) cut
score equivalency points for grades three and four, additional equivalency
anchors could be added. In this example, one might define equivalency
points for grades three and four that identify when a student has reached a
middle portion of the proficiency category, and others that identify when a
student has reached the high end of the proficiency category.
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Span of achievement scales

A second critical characteristic of achievement scales is the span of the scales.
There are two types of scale span: multigrade or vertical scales, and separate
grade scales. Where possible, it is preferable to create multigrade scales to
avoid complications that arise from determining the progress of students

when they are measured on different scales from one year to the next.

1. Multigrade or vertical scales: In a multigrade or vertical scale, one
must place the skills learned in third grade on the same scale as
the skills learned in fourth grade, fifth grade, sixth grade, and so
on. In some subjects this seems to be a more reasonable assertion
than in others. When the nature of the skills changes substantially
from grade to grade, it is difficult to claim in good faith that a
single scale has been developed.’ For example, in science, grade-to-
grade differences in high school subject matter (e.g., earth science,
biology, physical science, chemistry) are so stark that it is difficult to
claim they can all be placed on a single scale, even though scientific

reasoning runs through all four types of content.

In mathematics it might be more reasonable, but one might have
to make a break in the scale between the grades where the focus

of instruction shifts from basic numeracy to algebraic operations.
The introduction of geometry, statistics, trigonometry, and calculus

could also be argued to require different scales.

In reading/language arts it might be even more reasonable, but
problems still remain. The focus of instruction for younger children
might be decoding, sight word recognition, basic comprehension,
spelling, and minimally coherent text production. As students move
upward in grades, the focus of instruction may shift to fluency,
advanced comprehension, rhetorical and grammatical structures,
style, voice, and literary criticism. As similar as these skills may be,
it is unclear whether they belong on the same scale for younger

children as for older children.

Therefore, it may or may not be reasonable to expect that inferences
from growth models based on multigrade or vertical scales can
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result in valid conclusions about school effectiveness. A more valid
approach may be to create separate scales for each grade and address
the complexities brought about by measuring student achievement
on different scales at different occasions.

2. Separate grade-level scales: In separate grade level scales (or
nonvertical scales), the only way to measure student progress in
achievement is to define anchor points (and bands) of equivalence
on the separate scales (as described in the section above on ordered
interval scales). This is because in using separate scales, there is
no claim made that the scales are measuring the same thing—
only that there are points on both scales that can be considered
equivalent in evaluating whether students have demonstrated
enough achievement. Even with modest changes in content across
grades (e.g., in high school science, the scientific method as related
to physics versus the scientific method as related to biology), it
is possible to identify, for example, that in one year the student
achieved far above the acceptable level and in the next year not
nearly so far above the acceptable level. With significant changes in
content across years (e.g., physics content versus biology content),
defining equivalency points on separate scales becomes a tenuous

exercise and, therefore, so does the measurement of growth.

Measurement frequency

A final important characteristic of achievement scales is the frequency with
which student achievement is measured. Current models are mostly based
on annual measurement. However, such infrequent testing is not necessary,
and, in fact, measuring different skills at each measurement occasion creates

some of the problems discussed above.

The farther apart the measurement occasions are, the more likely it is
that the skills being measured will change substantially and qualitatively.
If measurement frequency were increased from the typical once-yearly
administration, the same scale could be used consistently to measure

student growth within a school year or course. For example, the same test*

* “Same test” here means a test that measures the same content and has been placed on the
same scale, but does not necessarily contain the same test questions or present them in the same
order.
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could be used at the beginning and the end of each course, or even more
frequently. This is particularly applicable to growth-based accountability
models in high school where content tends to change significantly from
course to course and grade to grade. The more similar the content across
measurement occasions is, the easier it is to measure student growth.
While increasing the number of measurement occasions for accountability
purposes may be a difficult prospect, it would provide the optimal
conditions for measuring growth in high school, where content differs
significantly not just from grade to grade, but from course to course.

Types of growth models

Of the many different models that have been termed “growth” models, some
measure growth and some measure something else entirely. Each of these
models—and the associated measurement scale characteristics required—

are described below.

Gain score models simply subtract previous achievement scores from
current achievement scores to estimate the amount of growth made by
individual students. That individual growth is then aggregated (for a
school, district, or state) to estimate the amount of growth observed, on
average, in the performance of students served by that school, district,

or state. Statistical tests are provided that can differentiate the statistical
significance of the growth observed in one group of students from that
observed in another. Gain score models require measurement on the same
scale at each testing occasion and measurement on an interval or ratio level.
This provides a powerful growth model if the assumptions are reasonable.
However, such models make suspect assumptions about scale characteristics,
and the reliability of the outcomes is limited because gain scores are less

reliable than the measurement at either occasion.*

Regression growth trajectory models estimate a growth trajectory (or
growth rate) for each student, based on each student’s performance on
three or more previous measurements. The models may range from
relatively simple regression equations to very complex statistical models.®
Observed growth rates for individual students are then aggregated for a
school, district, or state to estimate the average growth rate observed for

students taught in that school or system. Statistical tests are provided that
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can differentiate the statistical significance of differences in growth rates
from one group of students to another. Regression growth trajectory models
require measurement on the same scale at each testing occasion for at

least three testing occasions, and require measurement on an interval

or ratio scale. Of the different types of growth models, this is the most
powerful (if assumptions are met), but makes the strongest demands of

measurement scales.

Ordered transition models follow students’ rankings from testing occasion
to testing occasion (e.g., from proficient last year to advanced this year). The
type of transition (which might be classified as some variation on positive,
neutral, or negative) made by each individual student is aggregated for an
educator, school, or district to describe the types of transition made by
students taught in that school or by that educator. These models require
measurement data from two or more testing occasions. The models may
also range from relatively descriptive models to complex statistical models.
Statistical tests may be provided that can differentiate and compare typical
transition type across educators, schools, or districts. Ordered transition
models do not require either the use of interval-level measurement or
measurement on the same scale at each measurement occasion. Ordered

transition models require only ordinal or ordered interval measurement.®

Prediction deviation models use data about past achievement and/or
student and community background characteristics to predict future student
achievement and identify the degree to which students underperformed or
outperformed their personalized predicted achievement or their personalized
predicted growth. These are models that compare expected versus observed
achievement and/or growth. In prediction deviation models, the important
outcome is how far, on average, a school’s or educator’s students deviated
from what was predicted in terms of either achievement or growth.
Statistical tests are provided that can differentiate the degree of positive or
negative deviation from expectation from school to school or educator to
educator. Prediction deviation models are often called value-added models
(or VAMs), because the deviation from prediction is often interpreted as the
value added to a student’s learning by an individual teacher, school, or district.
Prediction deviation models are typically based on any of the previously

described types of models, and have the same technical measurement
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requirements. A major drawback of this type of model is that any variation
in student growth or achievement that cannot be explained by the model

is automatically attributed to the school or educator. In other words, the
value assigned to individual schools or educators includes the true effects of
schools and/or educators lumped together with any sampling, specification,

and measurement error in the model.”

Prediction deviation models are not growth models, although they are
sometimes described as such. They do not qualify as growth models because
the outcomes of interest are deviations from expected growth rather than

actual student growth.

The “growth” model pilots approved by the U.S. Department of Education
are not pure growth models, but hybrid status/growth models (also called
on track to proficiency models). Consistent with the principles laid out by
the secretary of education (described above), these models track the progress
of not-yet-proficient students toward proficiency within a specified period
of time.® Such hybrid models may be based on any of the models previously
described, where, rather than simply describing the amount of growth
students make in a school or class, the result is whether the student is on
track to become proficient within the next X years. (X may be three, four, or
five, depending upon the model.) Some of the approved growth models are

applied to high schools, as summarized later in this chapter.

Types of Inferences Made from Growth Models

There are two basic types of inferences made from growth models:
descriptive; and attributive, causal, or value-added. In a descriptive model,
the purpose of the interpretation is simply to describe what has been
observed for a given school or system. In an attributive, causal, or value-
added model, the purpose of the interpretation is to claim that what has
been observed for a given school or system can be attributed solely to the

school or system.

There are certain requirements for an attributive, causal, or value-added
interpretation to be valid (or at least reasonably approximated). Several
researchers, including the author of this chapter,” identify the minimum

requirements to be that
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* students are randomly assigned to schools and/or educators;

* any missing data must be missing randomly (e.g., students in
each school and demographic group are just as likely to miss
measurement occasions);

* the technical measurement scale requirements are met; and

* the model contains all appropriate components to isolate the effects

of schools/educators.

In reality, it is almost certain that the first requirement is unmet, because
students are not deliberately randomly assigned to schools and it is highly
unlikely that students are randomly sorted into schools by circumstance. It
is almost certain that the second requirement is unmet, because mobility
and absenteeism tend to be associated with certain areas or groups of
students. The fulfillment of the third requirement can only be logically
(rather than empirically) validated, for the reasons described in the section
above on numerical level of achievement scales. Finally, the fulfillment

of the fourth requirement can only be logically (rather than empirically)
evaluated, because one cannot definitively demonstrate that all important

factors have been taken into consideration.

Because of these problems with attributive, causal, or value-added
interpretations, it is more valid to interpret the results of growth models in
a descriptive manner. In practical terms, what this means for accountability
models is that schools or systems whose students demonstrate less growth
than desired may be called “schools/systems in need of improvement” not
because they are poor schools/systems, but because the students they are
serving may be in need of schools/systems of extraordinary effectiveness.
This is a fine, but critical, line demarcating descriptive from attributive

(value-added, causal) interpretations.

Summary of Growth Model Requirements

A summary of the minimum technical measurement characteristics required
by the different types of growth models is provided in Table 1, followed
by qualitative ratings of the statistical and measurement defensibility and

validity of each type of model.
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Table 1: Summary of Growth Model Requirements

Minimum technical measurement requirements
Scale span, when
measuring
Type of Achievement | Once per LIS T SAIITE -
once per scale on all | Defensibility
growth model | scale level | year or less ;
year occasions
Gain score Interval Multlg_rade/ Single grade Yes o
vertical moderate
Regression .
growth Interval Multlgrade/ Single grade Yes e
. vertical low
trajectory
Ordered . . . Moderate to
transition Ordinal Single grade | Single grade No high
Prediction
deviation (not Same as Same as Same as Same as Same as
a true growth | base model | base model | base model | base model | base model
model)*
Hybrid
gzcﬁﬂs({)n Same as Same as Same as Same as Same as
track to base model | base model | base model | base model | base model
proficiency)*

* Both prediction deviation and hybrid status/growth models can be based on gain score,
regression growth trajectory, or ordered transition models.

Growth Model Challenges Unique to High School

High school is the endgame

There is a legitimate argument (as well as a legitimate counterargument)

that implementing a growth model in high school may not be appropriate.

The argument is that when low-achieving students are in high school,

they have very little time to rise to an acceptable level of competency

before universal public education has been completed—that high school

graduation is the endgame of universal public education, and high schools

must be held accountable for eliciting minimally acceptable competency by

the time their students graduate.

The counterargument is that high school educators should not be held

completely accountable for early education quality. They should be required

instead to demonstrate the elicitation of extraordinary student growth
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in achievement for low-achieving students—but a reasonably observable
ceiling should be placed on that expectation. Some critics believe that
accountability for student outcomes should rest more heavily on districts,
not individual schools, because for high schools with very low-achieving
incoming students it is arguably the district (not the high school) that failed
to prepare students adequately for high school education.

The nature of high school subject matter

Because subject matter is much more differentiated in high school than

in the early grades (e.g., algebra, geometry, trigonometry, and calculus
compared to basic numeracy), it is much more difficult to measure growth.
One might ask, “When you say growth in science, do you mean growth

in biology, chemistry, physics, earth science, or science reasoning?” The
specificity of measurement in high school must also be better differentiated
than in lower grades to match the differentiation of content expectations
in high school. For example, in elementary science, it may be reasonable

to measure growth across years, because the emphasized content across
multiple years may be based on the concepts of science in general. In high
school, however, where very different and very specific discipline-based
content (e.g., physics, biology, chemistry) may be measured from year to

year and from course to course, that method would not be appropriate.

The frequency of measurement in high school

In most states, as required by NCLB, student achievement is measured only
once in high school for each subject. In most states, this means there is at
least a two- or three-year lapse in testing, between measurement in grade
eight and measurement in grade ten or eleven. Without multiple years of
testing in high school, it is difficult to measure growth. This exacerbates

the problems of changes in the nature of skills gauged from measurement

occasion to measurement occasion.

Current Use of Growth Models at the High School Level

All of the “growth” models described previously are used for accountability
by states approved in the Department of Education pilot. Because of the

requirement that students must be “on trajectory to proficiency,” all of the
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Table 2: Summary of Growth Models in Place for NCLB

Type of Model
. Regression Prediction
Measurement characteristics eI growth Ordqrgd deviation
score . transition
trajectory (VAM)
Scale HS | HS | HS | HS | HS | HS HS HS
Frequency | Level 4 1 1 1 1
type yes | no | yes | no | yes | no yes no
. Single 3
Ordinal grade 1A
Ordered Single DE M
inverval | grade MN?
2
Once single | ,, | P TO'T' | e
earl ypical
yearly grade TN A VAM
Interval AZ,
Multi d FL AR, co Typical | Typical
ultigrade MO, -~ V]
NC
. Single
Ordinal grade
More Ordered Single
than once | interval grade
yearly Single
Interval grade
Multigrade

: Where states have not applied the growth model to AYP it is because of the lack of adjacent grade-
level tests in high schools. Generally, where states apply the growth model to AYP, those states also
have adjacent grade-level measurement in high schools. They are included in this chart in part to
demonstrate that because of the challenges to measuring growth in high school, many states have
opted not to include high school in their growth models.

2 Ohio and Minnesota apply their growth model to high school AYP even though there is not adjacent
grade testing in high schools.

N lowa optionally applies its growth model to high school AYP where schools opt to provide grade-

ten tests. In this case, growth is followed from tenth to eleventh grade. Where schools opt not to
provide grade-ten tests, those schools are excluded from the growth model.

“ Some states indicate that they have multigrade and/or interval-level scales, but their growth
models do not require such scales. The measurement requirements of the growth models are listed
here instead.

department-approved growth models are hybrid growth/status models. The
four types of pure growth models—not including prediction deviation—are
all represented in the approved growth models, as shown in Table 2 (derived
from review of all approved growth model applications, which can be seen
at www.ed.gov/admins/lead/account/growthmodel/index.html). Only gain
score, regression growth trajectory, and ordered transition models have been
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implemented for high school accountability under the growth model pilots.
The table identifies the frequency of measurement, the numerical level

of measurement scales, and the scale span required by each state’s growth
model, as well as the type of growth model and whether the state’s growth

model is applied to high school achievement.

Note that in all cases, the growth models are based upon annual
measurement. Note also that only the Ohio growth model resides in

the space inhabited by typical value-added models (prediction deviation
models). Of the fifteen states with approved growth models, four (Delaware,
Iowa, Michigan, and Minnesota) have minimal scale demands: they require
only ordinal or ordered interval measurement on scales that do not span
multiple grades. Five more states (Alaska, Ohio, Pennsylvania, Tennessee,
and Texas) have additional scale demands: they require scales at the interval
level, but do not require scales that span multiple grades. Six states (Arizona,
Arkansas, Colorado, Florida, Missouri, and North Carolina) go one step
further: they require interval-level scales that span multiple grades. Just two
of those six states (Colorado and Florida) require a scale that spans grades
three through ten rather than just grades three through eight.

There are two other important possible characteristics of a strong growth
model for high school. At a minimum, measurement should occur at
adjacent grade levels in high school to make the growth model interpretable
in terms of individual grades and courses. At a maximum, in order to

truly separate out the impact of individual courses on student learning,
measurement should occur before and after instruction to measure directly
the impact of instruction. This could be at the beginning and end of each
course, or as often as at the beginning or end of each unit. Some states
have arrived at the minimum by measuring in all high school grades,

but none have maximized the usefulness of a high school growth model

by implementing pre- and post-instruction measurement. There is one
significant caution for a growth model based on pre-/post-measurement—
disincentive to encourage students to perform poorly on the pre-test and at
maximum competency on the post-test would have to be developed.
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Components of an Acceptably Valid High School Growth Model
Measurement components

From a measurement perspective, students should be tested at the very

least in adjacent grades so that each individual student’s achievement can

be tracked from grade to grade. Once-yearly measurement is the minimal
measurement requirement needed for a valid high school growth model. If
measurement is done any less frequently, it will be impossible to disentangle
the growth a student attained in one year’s class from the growth that

student attained in the next year’s class.

For a high school growth model to be useful in making judgments about
high school instruction, measurement occasions should occur at the
beginning and end of each high school course, to determine how much
growth occurred for each student in each class. Because of the specialization
in disciplines within a subject (e.g., science, mathematics, language arts)

in high school instruction, such a measurement system would allow the
growth model to disentangle the growth in mathematics achievement that
occurred in, say, an algebra course from growth in mathematics achievement
that occurred in a geometry course taken in the same year. This would also
enable schools to target professional development efforts in the classrooms

where students are making the least progress.

Statistical model

With once-yearly measurement (the minimum measurement requirement),
a statistical model would need to take into account qualitative shifts in the
types of skills measured in each year by either using a statistical model that
does not require interval-level measurement or measuring generic subject
matter content rather than subject matter content specific to differentiated
disciplines. The disadvantage of the second option is that the information
gleaned from the growth model is likely to be less useful in evaluating the
impact of specific courses on student growth. The more differentiated the
content is from grade to grade, the more difficult it is to validly measure
growth from year to year.
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With pre- and post-course measurement, a statistical model based on
interval-level measurement may be defensible, and would provide strong
capacity to differentiate between the student growth or progress observed in
one school or class over growth observed in another school or class in which

the same course is offered.

Policy Action for Moving Forward with Growth Models for
High Schools

The challenges are significant in developing both the necessary assessments
and the political will to support a defensible growth model for high schools
in every state. Therefore, an aggressive and reasonable target for the large-
scale implementation of growth models at the high school level might be

eight years. This estimate includes

* approximately two years for the development and passage of federal
legislation laying the groundwork for appropriate high school
growth models;

* approximately one year for content standards to be developed in
accordance with legislation;

* two years for the development of appropriate assessment systems to
support appropriately valid measurement of growth in high school;

* two years for the first cohort of students to be measured on the new
assessments at least twice, and for pilot growth model analyses to
be performed before operational use of high school growth model
results for accountability; and

* a final-year application to a second cohort of students, upon whose

score data the operational high school growth models would be

based.

Requirements for a minimally defensible growth model

Implementing a minimally acceptable and informative growth model

will require additional assessments to fill the gap between the last grade

of measurement in middle school and the grade level where student
achievement is measured in high school that exists in most states. An
expansion of testing to these grades would be unpopular, and would require
the political will to extend the requirements of NCLB.

MEASURING STUDENT ACHIEVEMENT GROWTH AT THE HIGH SCHOOL LEVEL

139



140

Implementing additional tests will necessitate significant additional funding
to support the development and implementation of assessments; additional
testing-contractor capacity to support development and implementation;
and increased capacity of psychometric, statistical, program management,
test development, and IT staff for both test contractors and states.

Requirements for a more defensible growth model

Implementing a much more defensible and informative growth model
would require either the development of high school course expectations
common within each state but different across the country or the
development of common high school course expectations across the entire
country. There are some states where there are common course expectations,

but this is not a universal condition across the fifty states.

The latter is a highly sensitive political issue, as the development of
common standards and course expectations is seen by some as a major
states’ rights issue. However, such a testing system would be much more
useful than once-yearly testing in terms of the information that would
result from growth models. Such a system would provide disentangled
information about student achievement growth occurring in individual
courses. In addition, disincentive to encourage students to perform poorly
on the pre-test and at maximum competency on the post-test would have to

be developed.

The resources needed to implement such new testing programs are similar
to those mentioned above, but on a larger scale. Because each course would
require a pre- and post-test, the number of tests to be developed in each
subject would be twice the number of courses in each subject rather than
one test in each grade level where testing is not currently performed. This
increase in required resources would even more significantly strain budgets,

contractor staff, and state staff.

In order to overcome these obstacles, political will would need to be
gathered to pass federal legislation providing additional funding for
increased measurement and increased state staffing. Such legislation would
also minimally need to require annual testing in every state to fill in the gap

between middle school and high school measurement occasions. Finally, in
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order to provide a high school growth model that is more than minimally
defensible, the legislation would need to require pre- and post-testing in
each required high school course, as well as standardization of required
high school courses at least within each state, and possibly across the

entire nation.

Conclusion

Putting a valid growth model in place for high schools is a worthwhile and
important endeavor, in part because measuring student growth is closer

to the educational mandate to facilitate student learning than simply
measuring students’ level of achievement. While growth models do not
resolve the tension between setting common expectations for educators and
setting common expectations for students, they are capable of balancing
that tension in such a way that achievement gaps can be closed without

needing educators to perform at unobservable and unreasonable levels.

The challenges to implementing a minimally valid growth model for high
schools are significant, and the challenges to implementing an optimally
valid growth model for high schools are even more so. In spite of this,
however, the emphasis on student learning implicit in growth models,
and the usefulness of the information available from growth models for
policymakers, educators, and stakeholders, is of sufficient value that the

challenges should be taken on.

The views expressed in this chapter are those of the author and do not
necessarily represent those of the Alliance for Excellent Education.
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