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Qualitative Research Methods
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Random Error. See Parameter Random Error; Residuals
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Rasch Model

Rating Scales
Raven’s Progressive Matrices

Reactive Arrangements
Readability
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Repeated Measures Analysis of Variance
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Replication
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Resilience

Response Rate

Response to Intervention
Responsive Evaluation
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Robust Statistics
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Social Justice
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Summative Assessment
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Twin Studies
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Introduction

Educational Research, Measurement, and Evaluation

The title of this encyclopedia seems to cover at least three distinct fields, each of
which could easily fill several volumes of its own. Indeed, there are several fine
reference works that cover social science research methods, statistics,
assessment and measurement, and program evaluation. Some of the nicer
examples are already published by SAGE, in fact. Several encyclopedias cover
the field of education in general, with a moderate amount of methodological
entries, as well. However, these areas, in terms of their methods, activities, and
typical variables of interest, are strongly entwined. Program evaluators use
methods developed by educational researchers and develop instruments
following measurement best practice. Many, maybe most, of the basic
measurement statistics and foundational measurement principles were first
conceived and developed by educational researchers. Program evaluators tend to
be educational researchers, as well, and, of course, use the tools of social science
research to reach their conclusions.

The strongest evidence, perhaps, of the symbiotic relationship among
educational research, measurement, and program evaluation can be found in the
faculty and courses at research universities. It is often the same professors who
teach the research courses, the assessment courses, and the evaluation courses.
The same is true of the scholarly journals in educational research, measurement,
and evaluation. These journals routinely publish studies across all three areas.

Producing a single encyclopedia that covers the wide range of topics across these
connected areas allows for a unique contextual dimension that promotes deeper
understanding and allows for more effective learning. In addition to reference
works, there are textbooks, handbooks, monographs, and other publications
focused on various aspects of educational research, measurement, and
evaluation, but to date, there exists no major reference guide for students,
researchers, and grant writers new to the field or a particular methodology. The
encyclopedia fills that gap. This is the first comprehensive A-to-Z reference
work that fully explores methods specific to educational research, assessment,
measurement, and evaluation. The SAGE Encyclopedia of Educational Research,



Measurement, and Evaluation is comprehensive and integrates the three
methodological areas of scholarship in the science of education. In an era of
constant changes in state and federally driven curricular standards and high-
stakes testing, a growing need for innovative instructional methods, increased
reliance on data-driven decision-making and calls for accountability in research,
a shared understanding of the methods of educational research, measurement,
and evaluation is more important than ever.

Making an Encyclopedia

A project of this size takes many people and a long time. Once a publisher, like

SAGE, realizes there is a need for a multi-volume reference work like this, they
choose an editor, like me. I was likely chosen because I’ve taught and published
across these areas of educational research, measurement, and evaluation.

My first step was to recruit a world-class group of expert advisors, leaders in
their field who teach and publish in educational research, measurement and
evaluation. I was fortunate to form an Advisory Board of these five nice and
wise folks:

Dr. Rebecca Woodland, University of Massachusetts Amherst
Dr. Neal Kingston, University of Kansas

Dr. Jill Lohmeier, University of Massachusetts Lowell

Dr. William Skorupski, University of Kansas

Dr. Jonathan Templin, University of Kansas

Together, we began to shape the encyclopedia. What topics or broad categories
should be covered? We wanted the emphasis to be on methodology in
educational research, measurement, and evaluation, but we also wanted the
encyclopedia to cover important theories and common research variables. What
entries should be included? Encyclopedia publishers call entry titles
“headwords,” and choosing these headwords was critical. In a four-volume
encyclopedia there is only room for so many headwords (about 700), each
headword can only be a certain number of words (about 500 to 3,000), and the
right length of each headword varies depending on the importance of the entry.
At the end of this process, we identified these broad topics as a framework for
what belongs in the encyclopedia:

Assessment



Cognitive and Affective Variables
Data Visualization Methods
Disabilities and Disorders
Distributions

Educational Policies

Evaluation Concepts

Evaluation Designs

Human Development

Instrument Development
Organizations and Government Agencies
Professional Issues

Publishing

Qualitative Research

Research Concepts

Research Designs

Research Methods

Research Tools

Social and Ethical Issues

Social Network Analysis
Statistics

Teaching and Learning

Theories and Conceptual Frameworks
Threats to Research Validity

The reader’s guide, near this introduction, lists all the entries, grouped by these
categories, so you can find what you want quickly. Based on these topics, we
began identifying entries that an encyclopedia of educational research,
measurement, and evaluation should include. We then needed to find hundreds
of experts to write the 691 entries in this work. The advisory board suggested
names and reserved some entries for themselves, I took a few for myself and
began identifying potential authors, and, in what turned out to be a smart move, I
hired a bright doctoral student, Alan Nong, to help with the search process. For
some entries, there were clear leaders in the field, or authors of key studies to
recruit. For other general entries, we searched education, educational
psychology, curriculum, and statistics departments at universities throughout the
globe. We have some of the top scholars in their field among the authors of these
entries.

Acknowledgments
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Among the experts who authored entries for the encyclopedia are Robert
Brennan writing about testing, Craig Mertler writing about standardized scores,
Bruno Zumbo writing about psychometrics, Joseph Maxwell writing about
mixed methods research and qualitative data analysis, Laura O’Dwyer and
Donald Rubin writing about experimental design, Peter Bentler writing about
structural equation modeling, and David Fetterman and Michael Quinn Patton
writing about evaluation. And literally hundreds of others were willing to
contribute, for which I am grateful. You can see a list of all contributors at the
front of this encyclopedia. About two years was spent in the recruitment and
writing process and the initial stages of review and editing before the
encyclopedia was copyedited. I am so impressed with the quality and value of
the work done by our authors. Thanks, sincerely, to all of them.

I am most grateful for the fine work and guidance of the friendly people at
SAGE. It was Jim Brace-Thompson who, as acquisition editor, promoted the
idea to SAGE and first got me involved, and Andrew Boney who took the
project on, worked with layout and design, and kept things running smoothly.
Jordan Enobakhare helped get things going. Anna Villasefior taught me how to
use the remarkable software system that lets people make encyclopedias. Most
of the heavy lifting during the first year or two of this process was done by
Susan Moskowitz, who somehow handled the recruitment and enlistment of
hundreds of scholars, shepherded their submissions, and worked with their
schedules. Shirin Parsavand agreed to be the developmental editor and, though I
don’t think we’ve ever met (or been at the same conference at the same time), it
seems like we shared an office and this has truly been a team effort with her. As
we neared the finish line, David Felts, the production editor for the
encyclopedia, took the reins to move us through the final gates. Thank you,
SAGE editors and staff, as you all are really first rate and so good at what you
do. Finally, I am so thankful for the material and moral support of my wife,
Bonnie Johnson. She is a finer scholar than I.

Bruce B. Frey
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a Parameter

The a parameter, or the discrimination parameter, is one of the key item
parameters in many item response theory (IRT) models. This entry discusses
how the a parameter is defined and interpreted. For this discussion, properties of
the a parameter are introduced in the unidimensional IRT framework in which
items in a test measure one and only one construct, with a focus on dichotomous
item responses. Realistically, items in a test are considered to be unidimensional
as long as a single construct accounts for a substantial portion of the total score
variance.

Unidimensional IRT framework is the focus of this entry because it is the
foundation of its multidimensional counterpart, and basic principles in
unidimensional IRT framework can be straightforwardly interpreted in the
multidimensional context. In addition, this discussion concentrates on
dichotomous item response models because they can be considered as the special
cases of polytomous models, and when item responses become binary,
polytomous models reduce to dichotomous models.

Defining the a Parameter

Using a mathematical formula, the IRT theory defines the probability of an
examinee’s correct response to an item as a function of the latent ability of the
examinee and that item’s properties. This function, the item characteristic curve
(ICC), is also referred to as the item response function. An ICC defines a smooth
nonlinear relationship between latent trait constructs (0) and probability of a
correct response. If assumptions are met, the ICCs can be stable over groups of
examinees, and the 0 scale also can be stable even when the test includes



different items. A graphical representation of an ICC is given in Figure 1.

Figure 1 Example of an ICC
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The generic mathematics function for Figure 1 is shown in Equation 1.

P(x,=110)=c,+(1-¢,) exp (4,0 b))
1+exp(a;(0-b;))

where 0 is the examinee ability parameter, c; is often referred to as the pseudo-

guessing or lower asymptote parameter with a value typically between 0 and
0.25, b, is the location or difficulty parameter, and g, is the discrimination or

3

slope parameter. The parameter a; indicates the steepness of ICC at 8 = b, where

probability of correctly answering an item changes most rapidly. The logistic
function presented in Equation 1 is called the three-parameter logistic (3PL)
model, which was presented by Allan Birnbaum in a pioneering work by
Frederic Lord and Melvin Novick in 1968. The two-parameter logistic (2PL;
Equation 2) and one-parameter logistic (1PL) model (Equation 3) can be
considered as special cases of the 3PL IRT model. As indicated in the



corresponding formula, the 2PL model only has the a and the b parameter,
whereas the 1PL model only has the b parameter and the a parameter is fixed.

P(.’Xf — 1[8): exp(a:'(e_bj))

| 1+6Xp(ai(e_bi)),
exp(e—bf)

1+exp(0-b.)

Pix.=1]0)=

Interpreting the a Parameter

Figure 2 represents ICCs for three dichotomous items under the unidimensional
3PL IRT model. Among these 3 items, all b’s = 0 and all ¢’s = 0.2, but a values
differ: a; = 0.5, a, = 1, and a5 = 1.5.

Figure 2 ICCs for three example items
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As shown in Figure 2, the slope of Item 1, at the location where examinees’
abilities are about the same as the item’s difficulty (8 = b = 0), is the flattest
among the three items, whereas the slope of Item 3 at the same location is the
steepest. Therefore, Item 1 has the lowest discrimination value among the three
and Item 3 has the highest. If identifying two examinees of whom one has an
ability larger than zero and one smaller than zero on the ability axis, the
difference between the probabilities of the two students answering Item 3
correctly will be greater than Item 1 or 2. It is therefore easier to discriminate
between the two examinees using Item 3, compared to Item 1 or 2. With all else
equal, Item 3 can be concluded as more desirable because it can effectively
distinguish among examinees differing in ability.



Using the item information function, similar information can be verified via a
different angle. Generally speaking, information stands for precision. If the
amount of information is large at a given ability level, an examinee whose true
ability at that level can be estimated with the greatest precision. Figure 3 shows
the item information functions for the 3 items previously shown in Figure 2. As
shown in Figure 3, when the b parameter and the ¢ parameter are the same across
items as in the example, Item 3 has the largest item information because the a
parameter associated with Item 3 has the largest value among the 3 items.

Figure 3 IIFs for the same three example items
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The a parameter interpretation in the 2PL. model is very similar to its
interpretation in the 3PL model. However, because the location parameter for the
2PL model indicates the ability level at which examinees have a 50% chance of
answering an item correctly, the a parameter indicates the item discrimination
information specifically at this ability level. The item discriminations are
considered equal across items in the 1PL model because all a parameters are



fixed. Therefore, if a group of items’ ICCs are presented together under the 1PL
model, the curves will not cross each other. Overall, items can be maximally
informative at any part of the ability (8) continuum, but interpretation of the a
parameter will be most meaningful when interpreted in conjunction with the b
and/or c parameter for the same item.

The item responses are said to be polytomous when more than two categories
exist. Representative models in this group include graded response model,
generalized partial credit model, and nominal response model. For polytomous
item responses, the probability of an examinee reaching a score category can be
described by one of these polytomous IRT models. Interpretation of the
discrimination parameter in polytomous response models is very similar to its
counterparts in the binary response models arena because polytomous item
response models are developed by extending the general underlying IRT premise
to items scored in two or more categories.

Fei Zhao

See also b Parameter; ¢ Parameter; Item Response Theory
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ABA Designs

ABA designs, also known as reversal designs, are among a family of single-case
experimental designs most often used by behavioral scientists and educators to
evaluate the effectiveness of clinical or educational interventions. This entry first
describes ABA designs and provides an example, then discusses phase changes
in ABA designs, how ABA designs are used to identify treatment effects, and
the limitations of ABA designs.

In a typical ABA design, a relevant dependent variable, such as frequency of
tantrums, self-injurious behaviors, or correct academic responses, is measured
continuously over some period of time for a single participant. Observation and
measurement of this behavior initially occurs under a baseline condition (A in
the ABA sequence), in which no independent variable, or treatment, is
presented. During this baseline condition, the behavior of interest is assumed to
be occurring at its natural level, prior to introduction of the independent variable.
After this behavior has demonstrated stability, showing no discernible upward or
downward trend during baseline, the treatment or intervention phase (B) is
introduced, and measurement of the dependent variable continues. Finally, a
return to baseline (A) is programmed, allowing for assessment of the dependent
variable once again in the absence of treatment.

The ABA design can be seen as a formalization of the common “before and
after” observations that many of us make of ourselves in response to changes in
diet, exercise routines, and other efforts at self-improvement. Such designs are
common experimental methods in the natural sciences and were advocated by
Claude Bernard, the father of experimental medicine. The general logic of single
case exnerimentation was adonted bv nsvchologist B. F. Skinner as a nowerful
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method for the continuous analysis of learning processes in real time. Beginning
in the late 1930s, Skinner pioneered a branch of natural science he called the
experimental analysis of behavior, whose products include the contemporary
profession of applied behavior analysis.

Applied behavior analysts have been longtime proponents and practitioners of
ABA designs, as their work involves the application of basic learning principles
to socially significant behavior across many domains, including schools,
workplaces, and the home. Behavior analysts utilize single-case ABA designs in
order to evaluate the effectiveness of treatments, especially in the area of autism
and developmental disabilities. ABA designs are experimental designs that
support causal inferences, and the data produced by such designs contribute to
our knowledge of evidence-based interventions in the behavioral sciences.

A hallmark of the ABA design is its focus on the behavior of the individual.
Behavior analysts consider single-case designs and continuous measurement
superior to large-scale group designs in resolving the nuances of moment-to-
moment behavior—environment interactions that are often the target of such
interventions. Behavior often responds both quickly and dramatically to changes
in environmental variables, and the ABA design is a powerful method for
assessing these changes. In fact, use of ABA designs can often identify
environmental events that correspond to changes in behavior with as much
regularity as the lights turn off and on in a room with each flip of a light switch.
Each change in condition, from baseline to treatment, or from treatment to
baseline, becomes an opportunity to observe a functional relationship between
the treatment and the behavioral variable. In addition, further phase changes can
be programmed to replicate this functional relationship; thus, ABA designs have
intraparticipant replication built into them, and this is an extremely important
criterion for developing evidence-based practices.

Example of ABA Design

The essential logic of the ABA designs is fairly intuitive and can be depicted in a
hypothetical example. Maria, a successful CEO of a marketing firm, having
learned that she is at risk for developing heart disease due to family history, has
decided to initiate a regular exercise regimen. She joins a local gym and, being
an observant and detail-oriented person, keeps track of her total time spent
exercising for 2 weeks. Maria’s interest is in increasing her overall duration of

rardinwvacenlar avarrice nnt anv ecnacifie lbind af warlennnt en choe wvariac hor
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exercise routines (e.g., swimming, riding a stationary bike, walking on a
treadmill) and times of her workouts, adding up the total time for each week.

At the end of a 2-week period, Maria sees that her exercise duration varies from
day to day, but it doesn’t seem impressive to her, and she would like to set her
goals much higher. Like most of us, Maria lives a very busy life, raising two
children and putting in the long hours of an executive officer, and realizes that
increasing her exercise amount is going to be a challenge. In order to provide
additional motivation, Maria recruits the help of a close friend. She writes her
friend a check for a very large amount, more than she would feel comfortable
losing, and tells her friend that if she (Maria) doesn’t increase her total exercise
duration by at least 20% by the end of the next week, her friend is to give the
money to an organization for which Maria has nothing but contempt. In essence,
Maria is using a potentially aversive consequence, losing a sizable amount of
money, in order to motivate her to increase her exercise. Although self-imposed,
she is manipulating an independent variable (threat of lost money) in order to
alter measurable aspects of a dependent variable, in this case her total amount of
weekly exercise.

Figure 1 is a time-series graph, often used by behavioral scientists to depict
behavior change in response to programmed treatments or interventions. The
graph is called a time-series graph because time, in this case represented in
successive days, is represented on the x-axis. The primary dependent variable,
total duration of exercise per week, is plotted on the y-axis. The vertical lines
drawn through the data paths represent changes in conditions, the first line
depicting initial implementation of the monetary contingency (potential loss of
money) and the second line depicting removal of this monetary contingency or
return to baseline.

Figure 1 Maria’s exercise chart



80 - Maria’s Exercise Chart

g 70
o n
g
= 60 - . |
.@ =) |
S 50 4 o -
.% 40 - Baseline
5] | ] ] j ;
x n Baseline
W 30 1 R
9
5 ] | n
= J |
s 20 = o a Monetary -
= - n = i ] =
i u oss
o 101 ™ ] .
= L Contingency
0 1

123 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Successive Days
The first week’s data represent Maria’s baseline level of exercise. Although
Maria’s exercise duration shows some degree of variability from day to day (a
near guarantee for almost any behavior), there are no obvious trends upward or
downward during this first week. Maria’s disappointment in her exercise amount
prompts her to enlist her friend and a simple behavioral contingency in an effort
to enhance her exercise. The first vertical line, then, separates the first two
weeks, or baseline period, from the initial treatment week, in which the potential
monetary loss is in effect. Finally, after the intervention week, Maria decides to
revert to the baseline condition, in which the potential monetary loss
contingency is no longer in effect. This return to baseline is conceptualized as a
replication of this nontreatment condition, and it serves as a comparison for the
previous treatment condition.

Phase Changes

In single-case experimental designs, individual participants serve as their own
controls, meaning their behavior is evaluated under both treatment and
nontreatment conditions. This comparison is logically similar to comparing
control and experimental groups in a more conventional large group
experimental design. In the ABA design, visible change in the data path
following a phase change (baseline to treatment or treatment to baseline) is
suggestive of an effect of independent variable presentation (treatment) or
removal (return to baseline).

allows for multiple alternations between
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paseline and treatment, So that althoughn the design 1S called ABA, there are no
formal limits on how many phase changes can be produced. Two presentations
and subsequent removals of treatment, for example, would result in an ABABA
design. Although this many phase changes may not be common, multiple phase
changes are advantageous because each phase change represents a replication of
an earlier condition change. Single-case experimental designs derive their
inferential power from such replications, not through null hypothesis testing and
statistical inference.

Identifying Treatment Effects

The hypothetical real-time data provided by Maria in Figure 1 would be
subjected to visual analysis and possibly quantitative effect size measures in
order to identify treatment effects. When analyzing such time-series data,
researchers consider a number of characteristics of the data path. One possible
comparison is to draw a horizontal line through the mean of a baseline phase and
an adjacent treatment phase. The difference between these lines is interpreted as
a change in level. In addition, a data path can be evaluated for trend, which is
visible as clear movement up or down in the data path.

As stated earlier, it is important to ensure that no obvious trend is present in
baseline data, as this would render any comparison of these data with initial
treatment data problematic. For instance, if Maria’s exercise duration
demonstrated a clear increase near the end of the first phase (A) in Figure 1,
additional increases during the first intervention (B) could not be easily
interpreted as a treatment effect. However, if baseline data remain stable and
increase only in treatment phases, a stronger argument can be made for a
treatment effect. In addition to visual inspection of data paths, a number of
quantitative analyses have been developed for evaluating effect sizes in single-
case experimental designs.

In the example presented earlier, Maria transitioned from a baseline condition to
a treatment condition and finished with a return to baseline. The basic logic of
the ABA design, however, allows for changing this sequence if necessary. In
many instances, the behavior being targeted may be especially aversive, even
dangerous, for the client or others in the client’s environment. When this is the
case, and a substantial baseline period of observation is considered unethical
(recall that baseline means that there is no treatment being delivered), a
treatment condition can actually be instituted first, followed by a brief baseline



period and a final treatment period. This effectively produces a BAB design
rather than an ABA design.

Limitations of ABA Designs

ABA or reversal designs are powerful and flexible for identifying treatment
effects in education and behavior analysis, but they are not without limitations.
Many behaviors, especially those acquired in academic settings, are not easily
reversed when interventions are removed. Imagine, for example, delivering a
new reading readiness program to preschoolers. One would not expect the skills
acquired during this program to disappear during a subsequent return to baseline.
And, as mentioned previously, when the behavior of interest is potentially
dangerous, it would be unethical to withdraw what appeared to be an effective
treatment. For this reason, frequent reversals to baseline are not always feasible
in applied settings. When this is the case, ABA designs are not advisable. Other
single-case experimental designs, however, such as multiple-baseline designs,
changing criterion designs, and alternating treatment designs, can be relied on to
assess treatment effectiveness. These designs also utilize the principal tactic of
replication to demonstrate treatment effects but do so in procedurally different
ways and both within and across individual participants.

David Morgan

See also Applied Behavior Analysis; Behaviorism; Replication; Single-Case
Research
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Ability Tests

An ability test is an objective and standardized measure of a sample of behaviors
at a specific point in time. Broadly defined, ability tests assess the innate and
acquired capacity to perform mental or motor functions. This entry discusses the
history of ability tests, their classification and standardization, the criteria for
evaluating ability tests, and controversies over their use.

The modern scientific study of human cognitive abilities is often attributed to
French psychologist Alfred Binet, who developed the Binet-Simon intelligence
test, and to the World War I Army Alpha and Beta tests in the United States. The
Army Alpha and Beta tests were used to assess cognitive ability for U.S. military
recruits during World War 1. The Army Beta test is noteworthy in that it was
used to evaluate recruits who were illiterate, unschooled, or non-English
speaking. This is considered an early example of cognitive tests that do not rely
on verbal skills or learned content. An important consequence of the Army
Alpha and Beta tests was the popularization of group-administered aptitude tests.

Debate on the structure of abilities began in the early 1900s and continues to the
present. An important milestone in this debate was the development and
application of factor analysis to determine the extent to which aptitudes were
distinct from one another. Applying factor analyses, Louis Leon Thurstone
proposed seven primary mental abilities. Others later reanalyzed Thurstone’s
data and demonstrated a single, general ability factor that influenced the seven



primary abilities. Despite this finding, the development of multiple aptitude tests
thrived. Examples of these tests are the Differential Aptitude Tests, Multiple
Aptitude Tests, and Comprehensive Ability Battery.

In the last part of the 20th century, the advent of fast and inexpensive computers
played a major role in both test construction and test administration. Previously,
test statistics were computationally burdensome, prone to errors, and time-
consuming. Computers enabled test construction to be done more quickly with
fewer errors while also making results available much sooner. It also has
allowed for computer adaptive testing. In computer adaptive testing, a question
is asked, the response is scored immediately, and the next item is selected to best
suit the ability level of the examinee. This continues until an accurate measure of
ability is obtained.

Computer adaptive testing has been implemented by governments and
commercial endeavors. Three examples are the National Council Licensure
Examination of the National Council of State Boards of Nursing, the Armed
Services Vocational Aptitude Battery, and the GRE General Test. In 2011, the
GRE General Test became adaptive only for groups of questions.

Classification of Ability Tests

A general distinction is often made between ability tests, sometimes referred to
as intelligence or aptitude tests, and achievement tests. Although ability,
intelligence, and aptitude are sometimes used synonymously, there are subtle
distinctions. Ability and intelligence tests are usually considered as tapping more
into fundamental abilities, while aptitude tests may include more of an
accumulation of cognitive and motor abilities. In addition, intelligence tests are
often defined in broad categories such as verbal and quantitative abilities,
whereas aptitude tests are usually defined in more specific ways combining
ability and accumulated knowledge (e.g., mechanical, musical, and spatial).

The following are two important factors that differentiate aptitude from
achievement tests: (1) the prior experience of the examinee that is considered by
the test developer and (2) the purpose for which the test scores are used. Early
conceptions of these tests reflected a simplistic distinction based on heredity
versus the environment. Aptitude tests were based on innate capacity or traits,
independent of learning, while achievement tests were based on more specific
learning.



Rather than considering ability and achievement as independent concepts, a
useful approach is to consider ability tests on a continuum. All are developed
abilities, differentiated by the type of prior experience that is considered in
constructing the test items. At one end of the continuum, aptitude is acquired
over years of education, experience, and life activities. Therefore, prior
experience of the examinee is defined quite broadly and over a longer term.
Some consider aptitude tests long-term achievement tests. At the other end of the
continuum, achievement tests measure specialized knowledge or skills acquired
through formal or informal education or training. Hence, prior experience is
typically considered narrower and shorter term.

The second distinction is the purpose for which the test scores are used. While
both are a snapshot of an attribute at a specific time, aptitude tests are designed
for predictive purposes while achievement tests are designed for descriptive
purposes. A typical aptitude or intelligence test is designed to assess the capacity
of the examinee to learn both cognitive and motor skills in order to predict the
potential to learn and use those skills in future situations, such as an educational,
training, or work setting. An achievement test may examine mastery of
knowledge or a motor skill to determine the level of competency of the
examinee. For example, knowledge of regulations and driving ability are tested
to obtain a driver’s license, a language test is administered to select an
interpreter, and state licensing exams are used for many professions such as the
medical and legal professions.

Both aptitude and achievement are developed abilities. Aptitude tests describe
knowledge and skills and measure attributes intended to predict future learning.
Achievement tests measure the mastery of more specific subject matter. In
practice, there may be confusion when there is overlap between the content and
purpose of a test. That is, some tests may contain elements of both aptitude and
achievement. When learned contents are used in aptitude tests, the blend
becomes evident. Achievement tests are sometimes misused for predictive
purposes.

Aptitude Tests

Some aptitude tests purport to measure a single aptitude, while others purport to
measure multiple aptitudes. Typically, most aptitude tests measure a relatively
standard set of constructs reflecting cognitive and motor skills. Cognitive skills



are unobservable and represent different capacities for mental activity,
information processing, understanding, and problem solving. Content may
include verbal, numerical, spatial, abstract reasoning, and comprehension. Motor
skills are observable and represent the ability to perform physical tasks that do
not require a cognitive skill to understand. These are motor coordination, finger
dexterity, and manual dexterity.

Some motor skill tests require the use of cognitive skills to make a physical
response. For example, a block design test requires the examinee to view a
picture of how blocks should look when assembled and then to assemble them as
quickly as possible replicating the design in the picture. Some aptitude tests use
composite scores obtained by combining two or more subtests. Scores can be
interpreted as a unique test score and as part of a composite. For example,
intelligence test scores are verbal intelligence (using verbal, numerical, and
spatial aptitude) and performance intelligence (using abstract reasoning and
object manipulation tasks). Other aptitude composites are verbal comprehension,
perceptual organization, processing speed, and working memory.

Examples of aptitude tests are the Stanford—Binet Intelligence Scales, Wechsler
Adult Intelligence Scale, Wechsler Intelligence Scale for Children, Wechsler
Preschool and Primary Scale of Intelligence, Otis-Lennon School Ability Test,
Differential Ability Scales, and the Woodcock-Johnson Tests of Cognitive
Abilities.

There are ways of measuring aptitude without learned content such as the
Raven’s Progressive Matrices and a procedure measuring the speed of neural
processing. Raven’s Progressive Matrices is a test of abstract reasoning based on
a series of geometric figures and is frequently regarded as “culture free.” An
individual’s speed of neural processing can be assessed by having the individual
look at a computer screen while a light is flashed and the speed with which a
single nerve conducts the impulse is measured.

Admissions tests are used in the application process at private elementary and
secondary schools, as well as at most colleges and universities. These are used to
predict the probability of student success in these academic settings. Examples
for secondary school include the High School Placement Test. Tests for
undergraduate admission are the SAT and ACT. In addition, there are numerous
admission exams for graduate and professional school, including the Graduate
Management Admission Test (GMAT) used by business schools, GRE General
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Achievement Tests

Tests of specific knowledge, professional certification, and licensing are not
aptitude tests but rather achievement tests. Achievement tests measure
specialized knowledge or skills acquired through formal or informal education or
training. Thousands of achievement tests are developed and used nationally by
states and local entities. Examples are the Wechsler Individual Achievement
Test, Kaufman Test of Educational Achievement, Woodcock-Johnson Tests of
Achievement, and Peabody Individual Achievement Test. Many states use
specifically designed achievement tests for certification of teachers and
principals as well as for medical and legal professions.

For public schools, the National Assessment of Educational Progress is used,
whereas state achievement tests may be required for schools that receive federal
funding. There also may be tests required for high school graduation such as the
New York State Regents Examination. Other achievement tests include the GED
test, which is taken to certify academic skills in lieu of a high school diploma.
Tests created by private institutions are often used to monitor progress in K—12
classrooms.

Praxis certification exams for teacher certification measure academic skills in
reading, writing, and mathematics. The Praxis Subject Assessments measure
subject-specific content knowledge and the Praxis Content Knowledge for
Teaching Assessments assess specialized content knowledge for K—12 teaching.

Finally, language proficiency exams such as the Test of English as a Foreign
Language (TOEFL) are used to assess international students for admission to
colleges and universities where English is used as the primary language.

Standardization of Ability Tests

Most ability tests are standardized and designed to provide an objective
assessment of an individual’s abilities relative to data collected on a relevant
reference group (i.e., normative group). This is known as a norm-referenced test.
Comparing the examinee’s score to that of the normative group permits the
interpretation of the score relative to the normed population, whether a raw
score, standard score, or percentile. The normed group must be meaningful as a



basis for comparison. For example, it would be misleading to compare high
school student test scores to scores from a normative group of elementary school
students because the high school student results would appear to be much higher
than if compared to a more relevant norm group of their own age.

Tests often have more than one normative group. For example, a test designed
for elementary school children may have a normative group of students for each
grade. Subsequent examinee scores can then be compared to see whether they’ve
scored at, above, or below their grade level. Norms are also often developed for
gender and ethnicity.

Developing normative information is time-consuming and costly. Often an
appropriate normative group is not available for comparison, so users must
choose the most relevant norm group available. Another issue is that normative
information may be out-of-date. The accuracy and usefulness of normative
interpretations may decline as the age of the normative data increases.

Achievement tests may also be standardized, but unlike ability tests where test
scores are compared to a normative population (e.g., high school graduates),
achievement test scores are usually compared to a minimum acceptable score.
Tests that are interpreted by comparing the examinee’s score to a predetermined
standard or cutoff score are called criterion-referenced tests. For example, to
obtain a driver’s license in most states, one must receive a minimum score on a
test of traffic and safety rules.

Criteria for Evaluating Ability Tests

Three points of evaluation of ability tests are reliability, validity, and
applicability for the examinees. Reliability creates consistency of measurement.
Although there are several methods for determining reliability, the most obvious
is test-retest, repeating the same test on two occasions with the same people and
calculating the correlation between the scores.

The validity of a test is concerned with what the test measures and how well it
measures it. There are several aspects of validity that are particularly relevant to
ability tests, including predictive validity, content-based validity, and construct-
based validity. Predictive validity determines whether the test predicts some
important outcome such as success in a school course. Content-based validity
arguments focus on the items or tasks that make up the test itself and the degree



to which they appropriately sample from the universe of all possible items.
Construct-based validity argues that the test scores represent the construct of
interest within a theoretical framework.

Evaluation of reliability and validity depends on the use of the test scores. Rough
rules of thumb for reliability are based on coefficient a, a common index of
internal consistency: .5 is acceptable for research, .7 for group decisions, and .8
for decisions about individuals. Validity can be evaluated in several ways, but
often the strongest evidence comes from correlations with other measures. Does
the ability test show a statistically significant correlation with an external
criterion test? Evaluation of reliability and validity is complex, however, and is
not driven by one or two criteria.

Controversies in Ability Testing

Controversies in ability testing have a long history. Among the longest
controversies is whether ability is unitary or made up of many separate parts
(multiple abilities), and the way theories organize these parts. The controversy is
sometimes cast in the model of general ability (g) versus specific abilities (s).
This has implications for construction and use of ability measures. Early 20th
century models of ability emphasized g but did not exclude the concept of s.
Mid-century models focused on s which is reflected in the development of
multiple abilities theories. This lead to the development of multiple ability test
batteries that found their way into public schools as early as1935. The existence

of a general ability factor is widely accepted, but the utility of g versus s is still
debated.

Other controversies include the differences in mean test scores among groups
and the impact of race, ethnicity, gender, and culture on ability test scores. These
controversies have been widely studied and discussed in the professional
literature. While group mean differences exist, there is no evidence that the
predictive power of tests differs among and between groups. Additionally, there
is empirical evidence that ability and achievement tests measure the same
constructs for the various identifiable groups in the population.

More recently, the use of so-called high-stakes testing has become controversial,
especially with the nationwide implementation of the No Child Left Behind Act
of 2001, which was replaced in 2015 by the Every Student Succeeds Act. It is of
note that New York state instituted high-stakes testing in secondary school with



the Regents Examinations in the 19th century and that even before the No Child
Left Behind Act of 2001 some states had school accountability systems that
included public reporting of standardized test scores and sanctions for low
performance.

Ability test misuse is frequently related to four deficiencies. The first is poor
training and practice by the examiner. Some examiners will have been trained in
past decades by experts whose training was completed decades before that.
Therefore, they will not be knowledgeable about changes in scores and their
meanings. Second, proper interpretation of scores depends on the knowledge of
the situation in which the constructs measured will be relevant. Third is failure to
evaluate the construct validity of the test. The claim of the test developer is not a
sufficient substitute for examining the articles and reports that support the claims
that an ability test actually measures the targeted ability. Finally, continuing
education on changes in statistical methods in testing needs to take place.

Mark S. Teachout, Malcolm James Ree, and Thomas R. Carretta
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Ability—Achievement Discrepancy

The ability—achievement discrepancy is defined as a statistically significant
difference between a child’s score on a measure of achievement in one or
another academic domain such as reading or math and the child’s score on a
measure of intellectual ability, typically in the form of I1Q. For a considerable
period of time, the IQ-achievement discrepancy was the central criterion used by
educators, school psychologists, and educational researchers to define specific
learning disabilities in otherwise normal children. This entry discusses the
history of the ability—achievement discrepancy, the origin of its use, and
problems with its use to identify individuals with specific reading disability.

The use of the ability—achievement discrepancy criterion has a long history that
dates back to Samuel Kirk and Barbara Bateman’s suggestion that learning
disabilities can be defined as a collection of developmental disorders of
neurological origin that affect various types of school-based learning in children
who are not mentally challenged or impaired by extraneous impediments to
learning such as sensory deficits, emotional disorders, or socioeconomic
disadvantage. The Education for All Handicapped Children Act (U.S. Public
Law 94-142, later renamed the Individuals with Disabilities Education Act),
adopted in 1975, mandated that learning disabilities be defined as the occurrence
of achievement deficits in otherwise normal children who have at least average
intelligence.

The Education for All Handicapped Children Act had significant impact because
it led to the use of intelligence as a defining criterion in most state definitions of
learning disability, typically in the form of an IQ-achievement discrepancy in
one or another academic domain. The IQ-achievement discrepancy eventually
became widely adopted as a basic prerequisite for diagnosing learning
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in empirical research studying the etiology and nature of hypothesized
impediments to success in school learning.

Origin of the IQ-Achievement Discrepancy Definition
of Learning Disability

The definition of learning disability specified in U.S. Public Law 94-142 and the
widespread use of the IQ-achievement discrepancy as the central criterion for
diagnosing learning disabilities were in large measure influenced by the work of
Michael Rutter, William Yule, and their associates. These investigators
conducted a large-scale epidemiological study evaluating the etiology of reading
disability—the most common form of learning disability—and found that the
percentage of children whose scores on measures of reading ability were two
standard errors or more below the scores that were predicted by their ages and
IQs was significantly higher than the percentage of children who were expected
to fall in this range on the assumption of normality (i.e., 2.3%), thereby creating
a “hump” in the tail end of the distribution of residual scores.

Rutter and Yule hypothesized that there were two types of impaired readers: one
said to be afflicted by “specific reading retardation,” as defined by a significant
discrepancy between observed reading achievement and expected or 1Q-based
reading achievement, along with the absence of general learning difficulties, and
a second said to be afflicted by “general reading backwardness,” as defined by
general learning difficulties along with the absence of any significant
discrepancy between observed and expected reading achievement. Rutter and
Yule’s distinction between specific reading retardation and general reading
backwardness was in keeping with Kirk and Bateman’s seminal definition of
learning disability, and it subsequently became the basis for what can be called
“exclusionary definitions” of reading and other learning disabilities having the
IQ-achievement discrepancy as their central defining criterion.

Problems With Discrepancy Definitions of Reading
Disability
The use of the IQ-achievement discrepancy as the basis for defining specific

reading disability, also referred to as dyslexia, has qualified empirical
justification at best. For example, Eve Malmquist reviewed results from a large



number of studies that evaluated the relationship between intelligence and
reading achievement and found that correlations between these two variables
were modest, ranging only from .40 to .60. Malmquist obtained correlations of
comparable magnitudes in a large multivariate study of first-grade, poor, and
normal readers. Guy Bond and Robert Dykstra obtained similar results with a
randomly selected sample of first graders.

Although several studies have obtained higher correlations between intelligence
and reading achievement with older participants, the intelligence tests used in
these studies consisted of items with high verbal content and/or depended on
skill in reading. Thus, observed correlations between the measures of
intelligence and the measures of reading achievement used in these studies, in
many cases, may have been an artifact of shared variance contributed by
language-based abilities underlying performance on both sets of measures.
Additional support for this possibility is provided by a study conducted by Frank
Vellutino and his associates with elementary and middle school-age children in
which it was found that correlations between measures of reading subskills and a
commonly used test of intelligence were significantly higher when the
intelligence test evaluated verbal abilities than when it evaluated nonverbal
abilities. Thus, discrepancy definitions of the types motivated by Rutter and
Yule’s work may have been based on inaccurate conceptualization of the
relationship between intelligence and reading achievement resulting from faulty
analysis of the cognitive abilities underlying performance on both intelligence
tests and reading tests.

Even more compelling evidence against using the IQ-achievement discrepancy
to define reading and other learning disabilities is provided by results from
several other studies that have addressed the question. First, a study conducted
by Rodgers failed to replicate the type of bimodal distributions obtained by
Rutter and Yule. This finding was replicated by David Share and his associates,
and it was suggested that Rutter and Yule’s findings may have been an artifact of
floor and ceiling effects on the reading measures used in their studies. This
possibility was later given some credibility in independent studies conducted by
A. van der Wissel and F. E. Zegers and by Share and his associates, in which it
was found that bimodality in each of several distributions of IQ-reading residual
scores could be artificially induced by creating false ceilings on the reading
scores. These findings question the reliability of the results obtained by Rutter
and Yule and, thereby, question the validity of using both IQ scores to estimate
expected reading achievement and the validity of using an IQ-achievement



discrepancy to detine reading and other learning disabilities. More detinitive
evidence against these practices comes from several other studies that have
appeared in the literature.

For example, in a study conducted by Jack Fletcher and his associates, it was
found that impaired readers who had no significant IQ-achievement
discrepancies performed no differently than impaired readers who did have
significant IQ-achievement discrepancies, either on measures of reading
achievement or on measures of cognitive abilities believed to underlie reading
achievement (e.g., phonological awareness, verbal memory, word retrieval, and
visual analysis). Not surprisingly, each of these groups performed significantly
below a group of nondiscrepant typically developing readers on both sets of
measures. However, of special interest is Fletcher and colleagues’ finding that a
group of children who would have been classified as “disabled readers” by virtue
of significant IQ-achievement discrepancies (i.e., above average I1Qs coupled
with at least average reading achievement) performed as well as nondiscrepant
typical readers not only on tests of reading achievement but also on tests of
reading-related cognitive abilities. Fletcher and colleagues were doubtful that the
children in the former group had a reading disability and suggested that the IQ-
achievement discrepancy risks either overidentifying or underidentifying
children as disabled.

Results discussed thus far quite naturally raise two important questions: (1) To
what degree can an individual’s IQ set upper limits on or predict the individual’s
ability to learn to read? (2) To what degree can an individual’s IQ predict
response to remedial intervention? The first of these questions was addressed in
independent studies conducted by Linda Siegel and by Share and his associates.
In the study conducted by Siegel, children with and without reading disability
across a broad age range (7—16 years) were administered a large battery of tests
evaluating reading achievement and reading-related language and language-
based skills, in addition to measures of verbal and nonverbal intelligence. The
children in both groups were then stratified in one of four IQ subgroups (IQ <
80, IQ = 80-90, IQ = 91-109, and IQ > 110) and thereafter compared on the
reading and cognitive measures.

Siegel found that within each IQ stratification the children with reading
disability performed significantly below the children without reading disability
on all cognitive measures. This finding is important because it indicates that
readers with and without reading disability can be found within different IQ
ranges, including those falling below the average range. This is contrary to the



view that intelligence is highly correlated with reading ability and therefore sets
upper limits on reading achievement.

Share and his associates later conducted a longitudinal study that replicated
Siegel’s findings and also addressed the question of whether IQ can predict rate
of growth in reading. The investigators tracked an unselected group of aged
children from 3-13 years and periodically evaluated their reading achievement at
ages 7, 9, 11, and 13. Intelligence in these children was assessed at ages 3 and 5.
A composite measure based on these estimates was used to group the children
into six IQ ranges and the children in each range were assessed at age 13 years
on a measure of word recognition. In accord with results obtained by Siegel,
Share found that IQ and reading ability were not highly correlated insofar as the
full range of reading ability was represented within each IQ range. In addition,
no strong or consistent differences were found among the different groups in rate
of growth in reading.

The question of whether intelligence test scores can predict response to remedial
intervention was initially addressed in a large-scale intervention study conducted
by Vellutino and his associates that was published in 1996. In this study, reading
growth in children identified as struggling readers in mid-first grade was tracked
from the beginning of kindergarten until the end of fourth grade—that is, before
and after they were identified as struggling readers. A randomly selected group
of these children were provided with daily individual tutoring and the rest were
provided with whatever remedial services were available at their home schools.
Intervention was initiated in mid-first grade and was terminated at the end of
first grade for children who were found to be readily remediated and in mid-
second grade for children who were found to be more difficult to remediate.
After one semester of project-based intervention, children who received this
intervention were rank ordered on the basis of measures of growth in reading
during that semester and thereafter separated into four groups designated as
follows: “very good growth,” “good growth,” “limited growth,” and “very
limited growth.”

For purposes of comparison, two groups of typically developing readers were
also identified in mid-first grade: one group consisting of children with average
intelligence and a second group consisting of children with above average
intelligence. Reading growth in these children was also tracked from the
beginning of kindergarten through the end of fourth grade. In addition, all groups
were compared on measures of intelligence and reading related cognitive
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apilities 1n Kindergarten, T1rst, and third grade. Vellutino and colleagues round
that the children in the four tutored groups did not differ on the measures of
intelligence, especially those evaluating nonverbal intelligence, nor did they
differ from the typical readers with average intelligence on these measures. In
contrast, the children who were found to be difficult to remediate differed
significantly from the children who were found to be readily remediated on
measures of language-based skills, especially phonological skills that are
important for learning to read (e.g., knowledge of letter names and sounds,
phoneme awareness, letter—sound decoding, verbal memory, and name retrieval).
In addition, the typical readers with average and above average intelligence did
not differ on measures of basic word-level skills (i.e., word identification and
word attack).

These findings were essentially replicated in a second major intervention study
conducted by Vellutino and his associates, and the combined results from these
two studies provide strong and compelling evidence that responsiveness to
intervention may be a more valid means of identifying specific learning
disability as compared with the IQ-achievement discrepancy. Research
conducted more recently provides considerable support for this suggestion.

Frank R. Vellutino

See also Ability Tests; Achievement Tests; Aptitude Tests; Evidence-Based
Interventions; Flynn Effect; Intelligence Quotient; Intelligence Tests; Learning
Disabilities; Stanford—Binet Intelligence Scales; Wechsler Intelligence Scales;
Woodcock-Johnson Tests of Achievement
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Abstracts

An abstract is a brief summary of a text—a journal article, conference paper, or
dissertation—that highlights its most important claims and findings. Since first
appearing in medical journals in the 1960s, they have become common in every
field of study except the humanities, where they are nonetheless not altogether
absent.

Function

Abstracts serve different functions for different readerships:

For ordinary readers, they summarize the text, allowing readers to decide
whether to read the entire piece and organizing their comprehension by
providing a “road map.”

For journal editors and reviewers, they offer a ready-to-hand reference for
evaluating a text for publication.

For indexers, professional abstract writers, and information management
professionals, they offer guidance for classifying and sorting a text.

For conference organizers, editorial boards, and funding agencies, they
“advertise” and “sell” a research project or paper.

Most abstracts can be described as informative, indicative, or critical. An
informative abstract presents research findings directly; an indicative abstract
describes the text’s discussion of a topic. Whereas an informative abstract might
say, “we conclude that peer support networks can improve teachers’
motivation,” and an indicative abstract would simply say, “implications for



teachers are discussed.” Critical abstracts function like executive summaries,
addressing strengths, and weaknesses of a text.

Length

The form of an abstract varies from field to field and even from journal to
journal (guidelines are often included in a journal’s instructions to authors). At
variance is often the length: While traditional abstracts are typically about 150
words long, structured abstracts can be anywhere from 250 to 400 words, and
abstracts for short communications, such as conference proceedings or technical
notes, can be as short as 50 words.

Abstracts are typically written retrospectively, toward the end of the composing
process, to represent completed work. But abstracts can also be prospective;
when scholars apply for conference presentations or grant funding, they often
submit abstracts for work yet to be done. In these cases, the abstract functions as
a proposal or research trajectory. Such prospective abstracts can be 500 words or
longer, depending upon guidelines provided.

Structure

Despite their different lengths, most abstracts attempt to make five rhetorical
“moves”:

introduce the topic, its context, and its importance;

present the research question or purpose;

describe methods and materials used;

present key results and findings; and

discuss the significance of the findings for relevant audiences.

e e

Abstracts for short communications will emphasize moves 3 through 5. A
structured abstract, by contrast, will separate each move into its own paragraph
with a subheading. Because structured abstracts tend to be longer, they provide
more information to readers and are considered to be more useful. Structured
abstracts have only been in use since the 1980s but are becoming increasingly
common.

Mark Pedretti
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Accessibility of Assessment

Accessibility originates from the field of architecture that aims to make
buildings and the physical environment accessible to the whole population,
including people with and without physical disabilities. For example, curb cuts
help people in wheelchairs cross a street, but the same curb cuts also benefit
people who are not in wheelchairs. Similarly, educational assessments that are
accessible provide students with the opportunity to demonstrate their knowledge
and skills on the construct being assessed, regardless of personal characteristics
unrelating to what is being assessed. In contrast, an assessment with poor
accessibility introduces barriers based on personal characteristics. There can be
negative consequences when assessment results reflect those personal
characteristics and not just the construct being assessed. This entry further
defines accessibility as the term is used in assessment and discusses the related
concepts of accommodation and universal design for assessment (UDA). It then
discusses the accessibility of computer-based assessments, the relationship of
accessibility to validity, and ways to maximize the accessibility of assessment.

Accessibility is a characteristic of the assessment, but it requires consideration of
the test taker’s interaction with items or tasks. Each test taker might experience
individual barriers during the assessment process. For example, a student with
low vision may have difficulty reading items printed in a standard font size on a
paper and pencil test, while a student with very little computer experience might
have difficulty navigating and choosing answers in a computer-based test.
Accessibility is also a consideration in other types of assessments, not just tests.
For example, consider a performance assessment that consists of giving an oral
presentation, where grading criteria include speed and fluency of oral
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speech disorders and nonnative language speakers who are still working toward
language proficiency.

When individual characteristics present barriers during the assessment, these
characteristics limit the test taker’s ability to demonstrate what they know. As a
result, examinees’ true knowledge and skills tend to be underestimated. This in
turn limits the validity of inferences that can be made based on the scores.
Therefore, it is important to ensure the assessment is as accessible as possible to
everyone regardless of language proficiency, disability status, or other unique
characteristics that might detract from the assessment. Steps can be taken to
promote accessibility at the assessment design, administration, and scoring and
reporting phases.

Related Concepts

Accessibility is related to concepts such as accommodation and UDA, but it is
still a distinct concept. All three of these concepts have the same objective,
which is to maximize test takers’ opportunities to demonstrate their knowledge
or skills of the construct being tested—removing the influence of knowledge or
characteristics unrelated to the construct while also not changing the construct
being assessed. However, test accommodations and UDA are different from
accessibility of assessment in some respects.

Accommodation refers to a change in the assessment administration methods or
environment for test takers with disabilities or limited language proficiency.
There are a variety of test accommodations that change the student’s experience
with the assessment. Accommodations may be made in timing and scheduling,
setting, presentation, and/or response. However, accommodations are designed
to alter the student’s experience after the assessment is designed and are only
granted by exception. Test accommodations are only applied to examinees who
are eligible under relevant laws (e.g., in the United States, the Individuals with
Disabilities Education Act, and Section 504 of the Rehabilitation Act cover
accommodations for individuals with disabilities). Decisions about which
accommodations should be provided are made on a case-by-case basis.

UDA is a framework for promoting accessibility through all stages of
assessment design and delivery. UDA often starts by considering inclusiveness
of the population that is intended to be eligible for the assessment. The ultimate
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fairness of the assessment for all students and the validity of inferences made
from test scores for all test takers. Both UDA and accessibility of assessment
apply to the whole population, including people with and without disabilities or
limited language proficiency. Accessibility of assessment can be regarded as one
facet of UDA, focusing on the interaction of the test taker and the assessment
content. Features of the items themselves and supports made available to test
takers both facilitate accessibility.

Accessibility of Computer-Based Assessments

Computer-based assessments are becoming more prevalent in large-scale
assessment programs and in classrooms. In addition to benefits such as cost and
time savings, computer-based assessments also provide new opportunities to
support accessibility. For example, it is much easier to customize item delivery
methods and response formats via computer-based assessment than paper and
pencil assessment. Additionally, computers increase the availability and
flexibility of the use of accessibility supports. Some computer-based assessments
treat accessibility features as tools that test takers may enable or disable on
demand. For example, a student may turn on a magnification tool when viewing
a diagram and turn it back off when reading a paragraph. Other common tools
include on-screen highlighters, text-to-speech functions that read text aloud,
changes to color configurations, and overlays that mask parts of the information
on screen. Some systems are also compatible with assistive technology devices
that allow individuals with disabilities to interact independently with the
computer even without a standard keyboard and mouse.

While computer-based assessments can improve accessibility, there is also a risk
of measuring knowledge and skills that are unrelated to the assessment. Test
takers must be familiar with the testing platform and with the accessibility
supports that are used. A test taker who lacks basic computer skills or access to
computers in daily life may not be able to use an online system without some
practice or coaching in advance. And when it comes to accessibility tools, more
is not necessarily better. The test taker should be familiar with the tool, and the
tool should not introduce distraction or confusion. Test developers can provide
guidance to test administrators and test takers on the accessibility tools in order
to promote good decisions about the use of tools to minimize barriers.
Organizations such as the iMS Global Learning Consortium promote the use of
common standards for accessibility across technology platforms in various



sectors including education.

Relationship of Assessment Accessibility to Validity

Evidence of an assessment’s accessibility influences the validity of inferences
that may be made about its results. An accessible assessment measures the
intended construct and avoids measuring unrelated characteristics. Sources of
construct-irrelevant variance that occur in assessments with poor accessibility
include item bias, unclear presentation of information in instructions, and lack of
or inappropriate use of supports.

It is important to avoid construct-irrelevant variance because poor estimation of
a student’s true knowledge and skills can lead to negative consequences. For
example, if results of a high school mathematics exam are used to determine
whether a student has met graduation requirements and the items contain
complex vocabulary unrelated to mathematics, a student with limited language
proficiency may fail to pass the exam and meet the graduation requirements even
while possessing the relevant mathematics knowledge and skills. An assessment
is biased when it presents barriers to a subgroup of students and their results are
negatively impacted despite their having the same construct-relevant knowledge
and skills as other test takers.

Maximizing the Accessibility of Assessment

The accessibility of an assessment is maximized when the issue is considered at
all phases of the assessment’s life span: during assessment design and
development, during administration, and after results are available. Accessibility
may be planned or evaluated at each of these steps.

During the Assessment Design and Development
Phase

During the test development stage, developers can promote accessibility using
an evidence-centered design framework. Using evidence-centered design, test
developers carefully describe the construct being assessed and detail the
behaviors that are required to demonstrate understanding of the construct. These
descriptions can be reviewed before they are used to guide item writing in order



to ensure there are no unintended barriers to demonstrating knowledge ot the
content for subgroups of individuals. Once items are developed, they can also be
reviewed for evidence of barriers related to construct-irrelevant factors (e.g.,
unique cultural knowledge that would be required to answer the question, use of
complex vocabulary unrelated to the measured content).

In addition to considering accessibility during item development, the test as a
whole may be designed to minimize barriers. For example, test developers
should make sure directions are clear and that the items are displayed in ways
that minimize confusion. Assessment developers also define the supports that
may be made available to increase accessibility without advantaging any
subgroups. Items should not be easier or harder for examinees who choose to use
extra supports.

In the prototype or early test design phrases, cognitive labs are a common
method to evaluate whether items or tasks elicit the intended cognitive process.
In a cognitive lab, test takers report their thoughts (i.e., think aloud) when they
are reading, interpreting, and responding to an item. This method helps test
developers evaluate whether item features are performing as intended and check
for problems with clarity of the item content. Cognitive labs and observation
methods can also be used to evaluate whether accessibility supports have the
intended effect.

During the Assessment Administration Phase

During the assessment administration phase, educators and students play roles in
ensuring accessibility is maximized. Educators must understand the supports that
could be provided to each student. When they also choose supports for
individual students, their choices should match the students’ current needs and
preferences. Supports selected to meet a student’s need should not introduce
unintended barriers. For example, enlarged font may be helpful for test takers
with low vision; however, if the item cannot be shown in one page, the need for
scrolling or reading an item across pages may introduce unintended barriers.
When test takers themselves have the opportunity to choose the supports they
use, they need enough information about the support to make informed
decisions. Selected supports should be familiar to the student, either through use
during instruction or through opportunities to practice similar activities prior to
testing. Finally, educators may be responsible for providing some supports
directly during an assessment. For example, an educator may read items aloud or



help a student enter answers for a computer-based test. In these cases, educators
need to administer the supports with fidelity and follow instructions for
standardized administration.

During the test administration phase, teacher surveys, teacher interviews, and
observations may be used to evaluate accessibility. Observations can determine
whether an educator can implement accessibility supports with fidelity and
whether the student was able to use the supports as intended. Through
interviewing or surveys, teachers can provide their suggestions on usability,
effectiveness, and suggestions for supports that tend to improve the accessibility
of assessment.

After Administration

Once an assessment is administered to enough students, it is possible to evaluate
accessibility even further. For example, there are statistical techniques that can
be applied to determine whether items may be biased for subgroups of students.
Differential item functioning analysis is commonly used to detect whether
different groups of test takers with the same true ability have performed
differently on items. Differential item functioning analysis can be used to check
for potential item bias—for example, for groups of students with limited
language proficiency, lower socioeconomic status, or disability. There are
different statistical procedures to detect differential item functioning items, such
as logistic regression and Mantel-Haenszel statistics. Items that are found to
function differently for different subgroups of students should be investigated
further. For example, a panel of educators could convene to review items and
identify features that may be disadvantaging students. These techniques require
data based on large samples, so they are most appropriate for large-scale
assessments.

Although assessment developers may have accessibility as a goal during the
design phase, planning for accessibility does not guarantee that the goal was met.
Collecting evidence related to item and test features, and student experiences
with accessibility supports, allows for ongoing evaluation and improvement of
assessments for all students.

Qiangian Pan and Meagan Karvonen
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Accommodations

Accommodations are defined as adjustments for variances. As such, educational
accommodations, the topic of this entry, are strategies utilized to remove content
irrelevant variance from an assignment or test, allowing students to demonstrate
what they have learned in relation to the specific academic content standard
being targeted, without noise associated with any impairment related to a
disability. For example, students with delayed processing may be given extended
time on a standardized assessment in order to more accurately assess what they
have learned rather than how rapidly the student can process the questions and
retrieve the answers.

This entry further defines educational accommodations and looks at some of the
issues surrounding the selection and use of accommodations. It then discusses
the use of accommodations in classrooms and in testing, strategies for selecting
accommodations, and selection of alternative interventions to teach students
skills needed to address impairment for which accommodations are typically
provided.

Accommodations are often confused with modifications given to students with
disabilities. Although these terms are sometimes used interchangeably, they are
not the same. Modifications represent a difference in what the student is
expected to learn, as in having a student learn multiplication facts up to 5% while
the class learns multiplication facts up to 10x. Conversely, the use of
accommodations does not lower standards or change expectations. The use of
accommodations provides a differential boost between those with and without



disabilities. Thus, when students with and without disabilities utilize an
accommodation, a greater increase in performance should be evident for students
with the disability than for students without the disability. For example, if a
student is deaf and communicates with American Sign Language, it is highly
probable that the student’s performance will increase with an American Sign
Language interpreter interpreting instruction and interactions in the classroom,
but it is not likely that the performance of students in the classroom who are not
deaf will be affected.

Accommodations typically are changes in how the task or test is presented (e.g.,
questions read aloud), how the student is expected to respond (e.g., dictating
answers), and the time allowed for the task (e.g., time and a half). For testing
situations, an accommodation may be granted for students to take the test in a
smaller group setting or in a distraction-free room. They may also be situation-
specific. That is, the student may be provided extra time on writing tasks but not
for math problem sheets.

An increased focus on accountability and use of high-stakes testing in schools,
along with greater inclusion of students with disabilities in general education
settings and the need to assure equal access to the general education curriculum
and grade-level content standards, all heighten the need to understand the
process of accommodating for impairment associated with disabilities. Teachers
are expected to teach the same content to all students, those with and without
disabilities, and students are expected to demonstrate proficiency on all
standards. At the same time, assessment scores must represent what students
have learned specific to the content being evaluated and not be affected by
extraneous variance associated with a disability, such as the effects of a reading
disability when interpreting a math word problem assessment. Thus, for students
with disabilities served by special education, individualized education program
(IEP) teams are charged with selecting appropriate accommodations.

However, issues exist with the selection and use of accommodations. Although
federal law mandates the use of accommodations, research is far behind and
provides minimal support to educators for the selection of specific
accommodations for specific areas of impairment. In addition, an overreliance
on accommodations exists and IEPs lack interventions specifically to teach
strategic skills needed to decrease the negative effects of the disability on
academic performance. A third concern about accommodations is a
philosophical one. Changing or individualizing an assessment for some students



conflicts with the goals of universal design that prefers a single assessment that
is “accessible” to all students. Accommodations and universal design share an
underlying principle, however, which is that the scores from assessments should
be equally valid for all.

History of Accommodations

The history of educational accommodations is intertwined with the history of the
inclusive education movement in the United States. Until the first federal special
education law was adopted in 1975, schools in the United States first denied
students with disabilities an education and then marginalized them to
institutional or classroom “holding pens.” The federal Education for All
Handicapped Children Act referred to the “least restrictive environment,” which
indicated that students should be educated, whenever educational benefit could
be achieved, in general education classrooms with their age-equivalent peers.

This language was further strengthened in the reauthorizations of the act in 1990
(the Individuals with Disabilities Education Act) and in 2004 (the Individuals
with Disabilities Education Improvement Act). With this encouragement to
educate students with disabilities in general education classrooms with support,
the need to reduce the cognitive load of tasks and assessments to the most salient
elements led to further development of accommodations. These accommodations
are student-specific and are codified in an IEP or Section 504 plan.

Over the years, courts have established that school staff members are responsible
for implementing the accommodations described in the IEP. The teacher
responsible for teaching the child-specific content for which accommodations
are specified on the IEP is legally bound to provide the accommodation. If an
IEP team selects an accommodation and includes it in the student’s IEP and the
accommodation is not implemented, then the child did not receive a free
appropriate public education. If school districts do not inform teachers of the
student’s IEP, then the district may be liable; and if the teacher elects not to
implement the accommodations, then the teacher may be liable. If a teacher
believes that an accommodation on an IEP is not in the best interest of a student,
then the teacher should request an IEP meeting to discuss the accommodation
rather than changing or disregarding the accommodations as written. Two
methods of selecting accommodations are discussed in the next section.
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Following best practice procedures, accommodations are selected based on the
strengths and needs of the child identified on the child’s IEP under the category
of Present Levels of Academic and Functional Performance, the grade-level
standards, and the instructional tasks being used to assess proficiency on the
standards. The Present Levels of Academic and Functional Performance is a
section in the IEP that identifies “how the child’s disability affects the child’s
involvement and progress in the general education curriculum” [IDEA Sec. 614

(d 1) (A) () (1.

However, reviews of IEPs published by Craig Spiel and colleagues (2014) and
Connie Schnoes and colleagues (2006) suggest little rhyme or reason to the
accommodations included on most IEPs. It appears, from these studies and
anecdotal evidence, that educators select many accommodations from a laundry
list without considering the impairment that is interfering with academic
progress or the feasibility of all of the accommodations being implemented by
teachers in classrooms. In fact, as of 2016, there are IEP writing software
packages that include pull-down menus, allowing practitioners to “shop” for
accommodations. Although these are editable, many practitioners report
defaulting to the options provided in the software.

One of the accommodations most frequently listed in IEPs is the provision of
extra time. Many students, regardless of their strengths and weaknesses, receive
extra time on assignments and assessments, although empirical evidence is
lacking as to whether this accommodation improves performance across the
spectrum of disabilities.

One means of addressing this issue is for educators to follow procedures outlined
in the accommodations manual published by the Council of Chief State School
Officers to select, administer, and evaluate the outcomes associated with
accommodations. The accommodation manual was written to provide guidelines
to states for the selection and administration of accommodations and is written in
such a way that state-level rules can be added as needed.

The accommodation guide provides four steps for selecting and implementing
accommodations supplemented by 11 tools. The steps are to (a) expect students
with disabilities to achieve grade-level academic content standards, (b) learn
about accommodations for instruction and assessment, (c) select



accommodations for instruction and assessment for individual students, and (d)
administer accommodations during instruction and assessment. Potentially, there
is room for a fifth step in which the benefits of the administered
accommodations are considered and the selection revised as indicated.

The third step, select accommodations, is the focus of this section and suggests
that IEP teams should consider seven factors when selecting accommodations:
(1) student characteristics identified in the Present Levels of Academic and
Functional Performances, (2) inclusion characteristics that need accommodation,
(3) strategies to include the student in the process, (4) effectiveness of prior
accommodations, (5) accommodations for instruction and assessment, (6)
individual test characteristics, and (7) state accommodation policies.
Specifically, IEP teams first consider student strengths and weaknesses and then
the impact of the impairment associated with the disability on the student’s
learning. Additionally, the team must determine the type of specialized
instruction needed to master the grade-level content standards, drawing from the
results of prior tasks when the specific accommodation was used.

Potential problems with the accommodations, and the perceptions of teachers
and the student regarding the need and effectiveness of the accommodation, help
to determine whether the accommodation should be included in the IEP. Finally,
teams should consider the willingness of the student to utilize the
accommodation, the need for the accommodation across educational settings,
and the acceptability of the accommodation on high-stakes assessment.
Accommodations used on high-stakes testing should be the same as those used
in the classroom. Introducing students and teachers to a new accommodation on
a high-stakes test is not effective.

Along the same lines, another model for selecting strategies for inclusion in
IEPs, including accommodations, was developed by Judith Harrison and her
colleagues. This model targets the use of accommodations that are being
provided to students with the potential to learn the missing skill for which
accommodations are being provided. One example would be teaching a student
to take notes, as opposed to accommodating inattention to class discussion by
providing a student with a copy of teacher notes, eliminating the need to take
notes or as a supplement to notes taken by the student. It is assumed that these
students can, in fact, improve their note-taking skills with scaffolding.
Alternatively, this approach is not appropriate when accommodations are needed
for a skill that cannot be taught, such as when a student is deaf and needs a sign
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The model developed by Harrison and colleagues is founded on the life-course
model for mental health treatment selection developed by Steven Evans and
colleagues. The premise behind the LCM is that services are provided to
increase the acquisition of skills needed across the life span, focusing on both
short-and long-term concerns. Similarly, Harrison and colleagues’ model for IEP
strategy selection is designed to assist I[EP teams in selecting strategies designed
to teach skills and provide accommodations only when the student does not have
the capacity to learn the skills, or expectations need to be adjusted at the start of
an intervention and faded with mastery of the skill.

An example of the use of Harrison and colleagues’ model would be if a student
is in an inclusive history class and does not attend and take notes effectively, the
teacher could teach the student to self-monitor attention to task and note-taking
skills. However, while she is teaching note-taking skills, she continues to teach
content associated with grade-level content standards. In order for the student to
keep up with the instruction while he is learning note-taking strategies, the
teacher could give him a copy of her notes (an accommodation).

In this model, students are provided the accommodation until they have mastered
the skill needed, after such time the accommodation is no longer needed. The
length of this time period is dependent on the individual student.
Accommodations are selected that directly address targeted areas of impairment
and progress is monitored and accommodations changed if sufficient progress is
not documented. For example, students with attention-deficit/hyperactivity
disorder frequently struggle with completing and submitting homework due to
organizational skill deficits. To address this issue, the child might meet with a
counselor each morning before school, who would help her organize her binder.
The counselor would continue to help the child with organization using a
structured checklist to guide the process. However, the counselor would scaffold
assistance, withdrawing support as the student learns to organize the binder
without assistance.

Potential Accommodations

As previously mentioned, multiple accommodations are often recommended
without any empirical evidence to support their effectiveness or usefulness in
accommodating for impairment. In the following section, examples of potential
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strategies truly provide a differential boost) are described for the four areas of
accommodations: presentation, response, timing/scheduling, and setting.
However, accommodations must be selected based on the criteria described
earlier, with a strong focus on student need. In addition, emphasis is placed on
progress monitoring to determine that the student is benefiting from the use of
the accommodation and that the accommodation does not cause harm, such as a
reduction in effort or motivation.

Presentation accommodations are changes in the manner in which instruction,
assignments, and/or assessments are presented to the student. For example, test
or assignment questions might be read to a student, removing the need for the
student to read the question by him-or herself. It is a frequent accommodation
for students with reading disabilities to have math word problems read to them.
In addition, recent evidence suggests that reading tests aloud to students with
attention-deficit/hyperactivity disorder helps the student maintain attention to
task even when the student does not have a reading disability. Students who have
visual or hearing impairments frequently receive presentation accommodations,
such as enlarged or magnified content or audio amplification, in order to access
the information being taught.

Response accommodations are changes in the manner in which students respond
to instruction via assignments, assessments, or organizational devices used by
the student to determine and write a response. For example, a student who
struggles with formulating written responses might be allowed to answer
questions verbally instead of writing them on a test. This form of response might
or might not include a scribe who writes the answers for the student or voice to
text software to formulate a response to a question or to write a paper. Several
potential response accommodations are considered methods of increasing active
engagement for an entire class of students, such as choral response using
whiteboards to respond to teacher questions or clickers to be used with an
interactive whiteboard. Additionally, there are many technology-based strategies
that can be used as response accommodations or as simply good teaching
strategies to increase engagement classwide.

Timing and scheduling accommodations, those that change the amount or
organization of time for an assignment or a test, are the most frequent
accommodations. In fact, the one most frequently found accommodation on
IEPs, extended time, falls within this category. Extended time is the provision of
extra time for a task. For example, students who process information or read



more slowly than others might be given 90 minutes instead of 60 minutes to
complete a timed assessment. Recent research suggests that extended time is not
an effective accommodation for students with behavioral disorders such as
attention-deficit/hyperactivity disorder. Other timing accommodations include
frequent breaks and giving tests at specific times of the day, such as in the
morning.

Setting accommodations are those that change the location in which the
assignment or test is completed. For example, students who are easily distracted
frequently have accommodations of testing in small groups or in a distraction-
free environment.

Alternative Interventions

Following the model of strategy selection for IEPs developed by Harrison and
colleagues, interventions to teach skills are included prior to or in conjunction
with accommodations. For example, students who struggle with initiating and
maintaining attention to task are frequently given extra time to complete tasks
with the rationale that more time is needed to compensate for the time spent off
task. However, this does not teach the student the skill of attending; it merely
reduces the expectation to complete tasks in the same amount of time as
typically developing peers. Self-management is an intervention that can be
tailored to teach students to attend to task. Specifically, students can be taught to
self-monitor and document whether they were paying attention at a given
interval over a set number of intervals. Students are taught not only to self-
monitor but to set a goal for the number of intervals in which they will attend
and then reward themselves when they meet their goal.

Accommodations are intended to facilitate demonstration of academic mastery
by a student with disabilities, minimizing the impact of the specific disability on
the student’s performance. These accommodations relate to how the task is
presented to the student as well as how the students make their response and
differ from modifications that change what is asked of the student. When paired
with strategic interventions such as described earlier, accommodations have the
potential to be beneficial to teachers and learners. However, there is some
indication that this is not always being carried out as intended and much more
research and diligence in practice is needed.

Judith R. Harrison and Jeanette Joyce
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Accountability

Accountability is a theory of action on raising student performance by applying
pressure on, and providing support for, schools and districts that do not meet
academic standards. Annual or periodic reporting on school performance forms
the basis of actions to address academic needs. Simply put, what gets measured
and reported receives attention from stakeholders in the public arena. This entry
further defines accountability in the context of public education before
describing the federal role in school accountability in the United States and how
it has changed since the mid-20th century.

In the United States, accountability is defined in the context of a decentralized
public education system. With a federal system of governance, states assume a
leading role in primary and secondary education. The constitution in each of the
50 states affirms state responsibility in this policy domain. States and their
localities continued to provide about 90% of the funding in public education.
States exercise control over their academic content standards, educator
preparation and recruitment, and the scope of intervention in low academic
performance.

State dominance notwithstanding, accountability in public education has become
a shared state—federal function. The 1960s marked the beginning of an active
federal role to address educational inequity and the achievement gap between
students from low-and high-income families. The U.S. Congress has established
a grants-in-aid system to target federal support for students with particular needs,
such as low-income students, English-language learners, Native Americans, and
students with learning disabilities.



Grants from the federal government account for about 10% of total public school
spending. In return for federal dollars, states and school districts are required to
comply with federal standards on assessing students. Federal involvement in
accountability intensified in 2001 when Congress passed the No Child Left
Behind Act (NCLB). With the 2015 passage of the Every Student Succeeds Act
(ESSA), states have regained some control over accountability policy.

NCLB expanded the federal role in educational accountability. The federal law
required annual testing of students at the elementary grades in core subject areas,
mandated the hiring of “highly qualified teachers” in classrooms, and granted
states and districts substantial authority in taking “corrective actions” to turn
around low-performing schools. Further, the law provided school choice to
parents to take their children out of failing schools. Equally significant was
NCLB’s intent to close achievement gaps among racial and ethnic subgroups as
well as subgroups based on income, limited English proficiency, and special
education.

Under NCLB, to determine whether a school met adequate yearly progress
(AYP), student achievement for each school was aggregated by grade and
subject area. All students in Grades 3-8 and one additional grade in high school
were tested annually in mathematics and in reading/English-language arts. In
addition, students in select grades were tested in science. The school-level report
included the percentage of students proficient in each of the core-content areas,
student participation in standardized testing, attendance rates, and graduation
rates.

Equally prominent is the equity focus on NCLB. Depending on their
socioeconomic characteristics, schools were required to report the academic
proficiency of students of the following subgroups: economically disadvantaged
students, students from major racial and ethnic groups, students with disabilities,
and limited English proficiency students. In this regard, for accountability
purposes, the NCLB promoted transparency on student progress. Schools that
persistently failed to meet AYP were subject to a gradation of intervention,
including school closure or conversion to a charter school.

The federal accountability agenda, as articulated in NCLB, encountered
implementation problems. Tension occurred between the theory of
accountability based on the federal intent and the practice of accountability at the
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states. Within each state, the decision-making process allowed for multiple
stakeholders to weigh in on the rigor, scope, timing, and cost of student
academic assessment. Consequently, state assessments vary widely in terms of
the level of rigor, as indicated by the substantial gap in many states between
student proficiency on state tests and their performance on the National
Assessment of Educational Progress, a set of standardized tests used throughout
the United States.

Further, the NCLB accountability agenda encountered social constraints. The
extent to which a district or a school met AYP was affected by the presence of
student subgroups, including low-income students, English-language learners,
students with disabilities, and racial and ethnic minorities. One study of AYP
data in California and Virginia found that schools with more student subgroups
experienced more difficulty in meeting AYP.

Recognizing the implementation problems with NCLB, in 2011, the Obama
administration began granting waivers to states that exempted them from some
provisions of the law, including meeting the target that 100% of students
demonstrate proficiency on state tests by the end of the 2013-2014 school year.
Over 40 states received the waivers.

States that received waivers still had to test students in certain core subjects
annually, especially in Grades 3-8 and in one high school grade, and hold
schools accountable for performance standards. In addition, states had to adopt
reading/language arts and mathematics standards that were common to a number
of states or had to show that their standards were certified by a state network of
higher education institutions.

The simplest way to meet the waiver requirement on academic standards was to
adopt the Common Core State Standards, which had already been adopted by
many states. States were also encouraged to adopt the Common Core in
exchange for federal funding as part the Race to the Top grant competition
begun in 2009. With the Common Core, states can compare their academic
progress to that in other states, improve economies of scale in terms of technical
assistance, and streamline teacher recruitment and support. At the same time,
there have been problems with the implementation of Common Core, including
concerns that teachers were not adequately trained in the standards and the
assessments aligned to them. In addition, many have criticized the use of
financial and deregulatory incentives to encourage adoption of the Common
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In late 2015, the U.S. Congress replaced NCLB with the ESSA. To be sure,
ESSA continues to build on the NCLB accountability policy. In particular, states
will continue to conduct annual testing of core subjects in students of Grades 3—
8 as well as in one grade in high school. States are required to issue annual
report cards that show the performance of students from various subgroups,
including students from low-income families, English-language learners,
children with learning disabilities, and various minority groups.

Departing from NCLB, ESSA signals the return of some state control over
accountability. ESSA places limits on federal prescriptions on intervening in
low-performing schools. Under the law, states are required to adopt
“challenging” standards, but the U.S. education secretary cannot use incentives
encouraging states to adopt a particular set of standards. In addition, the law
does not require states to set up teacher-evaluation systems that incorporate
students’ test scores, as they were required to do to receive waivers from NCLB.
ESSA also allows states to use multiple measures to assess student performance.

Under ESSA, states have gained control over several important aspects of
education accountability. States can decide on academic standards, including
developing their own standards and multiple measures of academic assessment.
States can also establish criteria in identifying low-performing schools for direct
intervention, although ESSA expects that states will focus on the bottom 5%.
Evaluation of teachers will be determined by states, which do not have to use
student test results as the basis for the evaluation.

Kenneth K. Wong
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Based Assessment
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Accreditation

Designed to protect public health, safety, and interest, accreditation provides a
system of quality assessment and improvement. In the United States,
educational, human services, and health-care programs and institutions undergo
accreditation review. Although each of these three sectors has unique
accreditation processes, accreditation generally consists of a process of
voluntary, external review that occurs and results in a decision based upon the
institution’s consistency with accepted standards. This entry discusses the
history of accreditation in the United States, the process of accrediting U.S.
higher education institutions, criticisms of the accreditation system in higher
education, and supporters’ responses to these criticisms.

Many accrediting practices provide recommendations to increase compliance
and, therefore, offer opportunities for program improvement to those undergoing
review. The accreditation process has evolved over the years in the United States
and offers advantages and disadvantages for higher education and other
professional entities. Accreditation started in higher education in the late 19th
century as a way to verify student qualifications for entry into colleges and
universities. This led to the formation of regional groups of higher education
administrators to evaluate secondary education practices.

The federal government entered accreditation with the Servicemen’s
Readjustment Act, commonly known as the GI Bill, in 1944 by providing
educational funding for World War II servicemen. In 1952, this legislation was
reauthorized and included a process of peer review to establish the legitimacy for
institutions offering educational services. Since then. the role of the federal
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government has continued through legislation enacted, establishing the U.S.
Department of Health, Education, and Welfare in 1953. In 1979, when the U.S.
Department of Education (ED) was created, the US Department of Health,
Education, and Welfare was separated. The ED is designated to establish
educational policy, to coordinate federal assistance to the educational enterprise,
to enforce civil rights legislation in education, and to collect information on
schools within the United States.

The emphasis placed on actions by the ED is to promote achievement of students
and make schools accountable. The ED does not establish academic institutions
or programs, nor does it perform accreditation. However, the Higher Education
Act (1965) and subsequent amendments to the Higher Education Opportunity
Act (2008) authorize the U.S. secretary of education to publish lists of
recognized accrediting agencies. These recognized accrediting bodies not only
provide ratings of educational quality, but many also allow students to access
federal funding established by Title IV in the Higher Education Act.
Specifically, Title IV authorizes programs to accept government monies to allow
access to higher education; this funding requires state licensure of the institution
and accreditation by an ED-recognized accreditor.

In addition to the ED, the Council for Higher Education Accreditation provides
recognition of accrediting agencies. Council for Higher Education Accreditation,
a voluntary membership organization with more than 3,000 institutions
represented, establishes the quality of agencies that accredit programs and
institutions that are regional, faith-based, career-focused, and
specialty/programmatic in nature.

Accreditation in Higher Education

In the United States, higher education accreditation incorporates three separate
pathways, termed the triad: the federal government, state governments, and
accrediting organizations. Established to provide public protection through
combined regulation processes set by governments and the development of peer-
evaluation systems, these processes may be focused on the institution or on
individual programs of study. States provide authorization and regulate
educational institutions that operate within state boundaries. Accreditors
evaluate educational system inputs as well as the effectiveness of education
through examining student achievement and outcomes of the process.



Accrediting bodies may be regional associations that review entire institutions;
national associations that primarily evaluate career, vocational, and trade
schools; or specialty and programmatic accreditors that examine individual
programs of study (e.g., medicine, dentistry, and teaching). Accreditation by
some national and specialty accreditors and all regional accreditors provides
access to Title IV funding.

The review processes typically begin with the institution or program being
accredited, creating a self-evaluation. These self-evaluations are reports
demonstrating compliance with standards or guidelines developed by the
accrediting body. Next, it is common to have the self-evaluation reviewed and a
visit to the site following this review. Volunteer peers not affiliated with the
program or institution undergoing evaluation conduct these visits, reports from
which are sent to the accrediting organization for review. The accrediting body
then examines all information provided to measure compliance with a set of
accreditation standards. Those programs and institutions meeting the standards
are granted a limited time period of accreditation before they are reviewed. Most
require information reported during this time and operate under a set of complex
guidelines in the accreditation process.

In some countries, accreditation is a mandated government process, while in the
United States, accreditation is founded on voluntary participation. Therefore, for
the publics served by accredited programs and institutions, accreditation serves
to indicate that the standards of quality are being met and the program or
institution operates in accord with the agreed upon policies, procedures, and
practices of the accrediting body. Irrespective of the authority and type of
accreditation, the process represents a formal evaluation of an organization, a
program, or a service against the best practice standards.

Accreditation standards are exemplars of quality standards that are developed by
those within the area being assessed or subject matter experts. Subject matter
experts develop these standards through an iterative process, reflecting that
which is being evaluated in a manner that is acceptable to the broader group
establishing and supporting the method of evaluation.

Although the system of accreditation provides a basis for ensuring that graduates
of programs have the knowledge, skills, and abilities warranted for the type of
education, the process is not without its critics. Some allege that the
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by many who are subject to it. Some institutions see it as a burdensome and
costly process, without substantive benefit. One challenge in evaluating
educational quality is that student behavior, for example, motivation, in
combination with inherent traits, ultimately influences learning and, therefore,
achievement and outcomes. Even with such challenges, though, the present
system maintains that it establishes an acceptable level of quality and
accountability. Supporters state that for more than a century, the peer-review
process effectively and collegially provided an approach to evaluate educational
programs and institutions.

Jacqueline Remondet Wall

See also Certification; Program Evaluation
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Achievement Tests

The term achievement tests refers to tests designed to measure the knowledge,
skills, and abilities attained by a test taker in a field, in a subject area, or in a
content domain in which the test taker has received training or instruction. This
entry first clarifies the difference between achievement tests and aptitude tests
and introduces a brief history of achievement tests in the United States. It then
describes the purposes of achievement tests, types of tests, and major steps in
developing and administering achievement tests. The entry concludes with an
overview of the benefits and limitations of achievement tests.

Achievement Tests Versus Aptitude Tests

Before the 21st century, achievement tests were not always distinguished from
aptitude tests. William H. Angoff asserted that in educational assessments, there
is neither a very clear distinction between achievement and aptitude nor a sharp
difference between measures of achievement and measures of aptitude. The aim
of aptitude tests is to indicate a test taker’s readiness to learn or to develop
proficiency in some particular area if instruction or training is provided;
achievement tests can serve the same purpose.

The main difference between the two constructs is that the achievement test is
confined to a single subject area more completely than is the aptitude test. That
is, while items and tasks on the achievement tests are based on specific content
standards or are dependent on the materials in the curriculum that examinees are
expected to learn in a subject area, those on aptitude tests may be based on skills
not explicitly taught in school. Depending on the intended purposes for which



the test was developed, the results from an achievement test can be used, for
example, for assessing proficiency levels, diagnosing strengths and weaknesses,
assigning grades, certification, licensure, course placement, college admission,
curriculum evaluation, and school accountability.

Brief History of Achievement Tests in the United
States

In 1845, the Boston School Committee led by Samuel G. Howe initiated a large-
scale, group-administered written examination to facilitate comparisons across
classrooms and to monitor schools’ effectiveness. This test is probably the
prototype of contemporary achievement tests in the United States, although the
term achievement tests was not prevalent at the time. This test, which was
intended to efficiently measure the knowledge and skills of a great number of
students, carried many of the features relevant to the large-scale state and district
tests in the late 20th and early 21st centuries. In addition to monitoring the
effectiveness of schools, achievement tests of the mid-19th century were
designed for selection purposes.

The publication of arithmetic and handwriting tests by Edward L. Thorndike and
his students in 1908 symbolized the inception of the unceasing achievement
testing movement. At the beginning of the 20th century, there had been some
hundreds of achievement tests available for use in elementary and secondary
schools; nearly 100 of them were standardized and a variety of content areas
were measured: arithmetic, English, geography, handwriting, history, Latin,
mathematics, modern languages such as French and Spanish, reading, science,
and spelling. The development of achievement test batteries that were designed
to inform the public about student learning and school effectiveness across
multiple grade levels arose around that time.

The Stanford Achievement Tests developed by Truman L. Kelley, Giles M.
Ruch, and Lewis M. Terman in 1923 was one of the first achievement test
batteries for multiple grades. Another early test battery was the lowa Every Pupil
Examination for elementary and middle school students, which was developed in
1929 by Everett F. Lindquist and later became the Iowa Tests of Basic Skills. In
1945, Lindquist developed the Iowa Tests of Educational Development for high
school learners. These tests were intended to assess students’ achievement and to
help teachers improve their quality of teaching.



The development of the National Assessment of Educational Progress, first
launched in the early 1960s, was a landmark in the history of achievement tests.
It is the largest nationally representative assessment designed to assess and
monitor what American students know and can do in core subjects. The
Elementary and Secondary Education Act of 1965 (ESEA) was enacted to offer
equitable educational opportunities to disadvantaged students in the United
States. Title I of the law, which provides assistance to school districts for the
education of low-income students, has evolved over time and influenced
education reforms and testing throughout K—12 education.

In the 1960s and 1970s, the use of standardized achievement tests to meet the
ESEA assessment requirements developed incrementally. Standardized tests are
administered under conditions that are consistent for all test takers and test
scores are norm-referenced, reporting student performance in relation to others
from the same population.

The desire to ensure that individual students reached an acceptable minimal level
of proficiency resulted in the growth of state-mandated, minimum-competency
testing programs throughout the 1970s and has continued to contribute to the
spread of standardized achievement tests since then. State-mandated tests are
tests and other assessments that the law requires to be administered to all
students at designated grade level(s). This wave further triggered the use of
criterion-referenced score interpretation for achievement tests.

Beginning in the 1980s, the education reform movement shifted the focus from
minimum competency to the expectation of high levels of performance from all
students. For achievement tests, this change resulted in a shift from an emphasis
on knowledge of basic facts to a focus on more sophisticated reasoning and
higher order thinking skills. It also led to changes in item format so that there
was some movement away from a reliance on multiple-choice items toward
increased use of performance assessments.

The reauthorization and renaming of the ESEA with the passage of the No Child
Left Behind Act of 2001 forced state and local educational agencies to be
accountable for student achievement and progress. The No Child Left Behind
Act, like the original ESEA, aimed to improve the educational experience of
disadvantaged populations, and it dramatically expanded the role of state-
mandated, standardized achievement tests. Efforts to develop rigorous standards
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Behind Act; high levels of student achievement and academic institution
accountability were both expected.

Scores on achievement tests can be interpreted using norms, criteria, and/or
standards. Standards-based testing has dominated state-level testing since the
early 21st century and will likely continue its popularity and influence under
new education reforms.

Essentials of Achievement Tests

Summative and Formative Purposes

Achievement tests may be incorporated into the learning process and
instructional materials at different times. For summative purposes, testing is
done at the end of the instructional process. The test results are viewed as the
summation of all knowledge or skills acquired by test takers during a particular
subject unit. Judgments about the quality or worth of test takers’ achievement
are made after the instructional process is completed.

For formative purposes, testing occurs constantly during the learning process so
that teachers can evaluate the effectiveness of teaching methods and assess
students’ performance at the same time. The test results are used to improve
teachers’ teaching and to help guide students’ next learning steps. Judgments
about the quality of students’ achievement are obtained while the students are
still in the process of learning.

Types of Tests

Achievement tests can take either the form of a single subject assessment that
focuses on achievement in a single area or the form of a survey battery that
typically consists of a group of subject area tests designed for particular grade
levels. In a classroom setting, teachers can use tests associated with textbooks as
part of their formative and summative assessments to diagnose students’
problems and to measure students’ mastery. For admission purposes,
achievement tests can offer a uniform measure of college readiness such that
colleges can identify promising students who are deserving of admission.
Furthermore, they provide admissions officers a means to distinguish between



well-and poorly prepared applicants.

Survey or Test Battery

Achievement tests are not necessarily standardized tests. In the United States,
however, achievement tests produced by test publishers in the form of a survey
or a test battery, or the state-mandated tests that not only measure student
achievement in K—12 for making instructional decisions but are also known to
report public accountability, usually have a high degree of standardization.

Single-level standardized tests for one course or subject, sometimes called
surveys, are developed for assessing achievement at only one education level or
for one course (e.g., geometry). Usually they are stand-alone tests and are not
associated with tests for other courses. For example, the California Standards
Tests for Science, available for Grades 5, 8, and 10, are used to assess students’
achievement against California’s academic content standards in science.

Test batteries or survey batteries contain different tests that assess several
curricular areas. There are often multiple levels, indicating that the test content
spans several grade levels. For example, the lowa Assessments are designed for
students in kindergarten through the 12th grade. The tests are written for
multiple grade levels, with each test level consisting of a series of content areas
designed to measure specific skills. The TerraNova by CTB/McGraw-Hill and
Data Recognition Corporation is a series of standardized achievement tests
designed to assess K—12 student achievement in reading, language arts,
mathematics, science, social studies, vocabulary, spelling, and other areas. The
ACT Aspire, another example, can be modular or a battery, which provides a
means to measure students’ learning outcomes in English, mathematics, reading,
science, and writing from Grade 3 through early high school.

Often, school districts use a standardized achievement battery to acquire
supplementary information useful in curriculum and lesson planning.
Achievement tests can serve diagnostic purposes—teachers may use the results
of a single test or test battery to suggest areas for individual student
development.

Classroom Use

Teacher-made tests and textbook or curricular accompaniments are also
achievement tests. Teachers can craft tests to measure the specific learning goals



the curriculum framework emphasizes, and the test content can be derived from
the course syllabus, the class objectives, or textbook. Also, in teacher’s editions,
there are usually tests at the end of textbook chapters, at the back of the book,
built into instructional materials, or supplied separately with textbook series.
These nonstandardized tests are designed to measure students’ mastery of a
specific learning domain such that teachers can learn information about the skills
of individual students that are most and least developed, followed by decision-
making on the competency, placement, and/or advancement of the students;
diagnostic purposes of achievement tests are fulfilled in this way.

Classroom achievement tests are often considered to be criterion-referenced
since a student’s scores are compared against some standard, such as the
learning objectives for a book chapter, rather than compared with the score of
other students in the class. These tests are helpful for teachers to make timely
instructional decisions because the turnaround time is controlled by the teacher.

Higher Education Admission

In addition to serving diagnostic purposes, achievement tests can also be
prognostic tests used to predict achievement or future performance in a
particular area or at a specific time. For example, the ACT and SAT are globally
recognized college admission tests. The ACT consists of subject area tests
designed to measure academic achievement in English, mathematics, reading,
science, and writing. The SAT also tests students’ knowledge and skills learned
in school, including reading, writing, and mathematics. For admissions officers,
these two college admissions tests provide a predictive tool to distinguish
between applicants who are likely to perform well or poorly in college.

College admissions tests are prevalent all over the world. Certainly, the college
admissions tests from various countries differ in many ways and they evolve
over time, but one constant characteristic of these tests remains: They are high
stakes, competitive, and stressful.

Development and Administration

The use of achievement tests involves several major steps, including item
development and test assembly, administration, scoring and score interpretation,
and reporting. The methods used to design achievement tests must address

ronctriicte tn he meacnirad in tarme nf knnuwiladas clriille and Fnanitive nraraccoac



LULIOLL UL LD LU UL LIV UOUouUL LUl 111 LULi11o UL nniiuv vy LLU&L, Onniiio, ULl bUslllLlVL ]_.IL\JLLJOLUn

Item writers are content experts who usually begin with a list of content
standards that specify what students are expected to know and learn in a given
grade level. The number and type of test items can be determined by the grade-
level content standards.

Item Types

Typically on a paper-and-pencil test, the item types used on achievement tests
include multiple-choice items, true-false questions, short-answer open-ended
items, and essay questions. Due to advancements in technology, test delivery can
be done not only by paper but via computer and other electronic devices. For
example, technology-enhanced items are computer-delivered items to which test
takers respond based on interactions such as dragging and dropping, editing,
highlighting, ordering, and sorting.

The choice among various item types is typically made on the assumption that
some particular knowledge, skill, ability, or mental process can be measured by
each of these item types. Whatever educational achievement that can be
measured well by one type of test item can probably also be measured quite well
by some other types. In practice, choosing among item types often takes into
account development costs as well as testing and scoring time, which often
works in favor of objective test items (e.g., multiple-choice items).

Administration

Most achievement tests, especially in education, are administered in group
settings. For high-stakes or mandatory achievement tests, standardization is
required such that the testing conditions are the same for all test takers; it is also
common to establish norm-based score scales for interpreting test performance
against a representative sample of individuals from the population with which
the test is intended to be used. Individuals approved for test accommodations
may be provided with a specialized version of a test, such as large type print,
braille, audio, or Spanish language, or given an extended time to take a test.

Ideally, test takers should understand what the test requires them to do, attain an
environment in which they can motivate themselves to do as well as they can,
and have an equal opportunity to demonstrate their best efforts to achieve good
performance. It is also important that achievement tests avoid being unduly
speeded. Most test takers should have enough time to complete the test, which



often enables the best performance on the tests and the most accurate predictions
of subsequent achievement.

Scoring

In terms of scoring, each item type presents unique methods and problems for
scoring. For teacher-crafted tests, answers to multiple-choice and true-false
questions as well as other objective-item types can be marked directly on the test
copy and later be scored by hand. For state-level or large-scale tests, scoring can
be facilitated if the answers are provided by marking on a separate answer sheet
such that they can be scored more quickly and accurately by electrical scoring
machines. For open-ended items (e.g., short-answer questions) and essay
questions, scoring rubrics are developed for the questions and used to train
human raters or to program computer scoring algorithms. For short-answer
questions, a scoring key that shows the kinds of answers eligible for full credit or
partial credit is often recommended.

Essay scoring rubrics can be analytic or holistic. Irrelevant factors, such as the
quality of handwriting, verbal fluency, and rater interests or biases should be
avoided in the scoring process. In general, essay scoring takes considerably more
time and is much more costly than the scoring of objective items.

Score Interpretation and Reporting

The meaning and interpretation of achievement test scores can be relative,
absolute, or both. A norm-reference framework, which interprets test scores in a
relative sense, indicates how the achievement of a particular student compares
with the achievement of a well-defined group of other test takers (i.e., the norm
group) who have taken the same test. Derived scores commonly used for the
norm-referenced tests include percentile ranks; linear, normalized, or
developmental standard scores; and grade equivalents.

A criterion-reference framework offers an absolute score interpretation by
inferring the kinds of performance a student can do in a domain. The results of
criterion-referenced testing can be presented by, for instance, the percentage of
correct responses, the percentage of objectives mastered, the predefined quality
level of student achievement (e.g., “excellent,” “mastery,” rating of “A” or “5”),
or the precision of performance. For standards-based referenced scores and
interpretation, performance-level descriptions are unique to the achievement test



tor which they detine levels ot pertormance such as “basic,” “proticient,” and
“advanced.” A certain range of test scores is carefully associated with each of
the achievement levels in a subject; the percentage of test takers at each level of
proficiency is of the most interest.

Finally, score reporting typically contains at least three elements: types of scores
provided on score reports, other information provided on or with the score
reports (e.g., interpretive guides for students, parents, teachers, or principals),
and other supporting information that may be available (e.g., technical reports).
Accurate, efficient scoring and reporting makes the test score interpretation
clearly communicated and strongly supportable and provides more directly
useful information to guide instructional decisions and promote learning.

Benefits and Limitations

Achievement tests are standardized or nonstandardized tests used to measure
acquired learning. A well-constructed test yields valid and reliable results,
providing test takers with an opportunity to demonstrate what they have learned
in school and to show to themselves and others the knowledge and skills that
they have accumulated. The development of test specifications needs to be
aligned with curriculum or professional content standards in a clear and coherent
way. Following the specifications, items, questions, or tasks on the tests can then
present the targeted procedural knowledge and cognitive processes.

Rigorous test administration helps with the interpretation of scores. The results
of achievement tests serve as indicators of examinee progress. Score results can
help examinees confirm their strengths and weaknesses. Also, a well-written,
valid test equipped with efficient scoring and reporting will give teachers
valuable information regarding students’ needs and abilities, offer teachers a
useful measure of how well the students have achieved the course objectives,
and assist teachers in evaluating teaching effectiveness. As outlined,
achievement tests are also one of the many useful tools to predict college
performance.

Concern has arisen over the increased use of standardized tests in schools, with
some arguing that test takers may become anxious and frustrated from taking
and preparing for the tests, which may subsequently lower their motivation to
learn. Whether the content coverage and relevance as well as the construct
representativeness of the tests are solid and sound is sometime a concern to the
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public. In addition, 1t items do not present a challenge to the test takers, the test
may become meaningless since test users might question whether the test items
adequately represent the content domain and the quality of performance such
that we can assure successful performers on the tests actually meet the content
standards.

However, even if the test is well written and content valid, the degree to which
the achievement measure is authentic is sometimes doubted. Authenticity is
limited due to the cost of test construction and the acceptable administration
time. Items on achievement tests are often expressed in verbal or symbolic
terms. Meanwhile, the knowledge obtained by direct perceptions of objects,
events, feelings, or relationships, as well as mental and behavioral skills, such as
leadership and friendship, are not assessed by most achievement tests.

Also, achievement tests may be able to measure what a person knows but not
necessarily how effectively he or she uses that knowledge in practice. In
addition, items do not necessarily reflect the actual, full picture of the learning
outcomes from a classroom setting. It is not possible for an achievement
measure to cover all knowledge and skills or to represent the whole of human
achievement. A student with higher achievement scores is more likely to succeed
than another student with low achievement scores, but high scores cannot
guarantee future success.

Finally, one of the intended purposes for using K—12 standardized achievement
tests is to provide information for public accountability. In some schools, test
results are also used to evaluate teachers, although there is ongoing debate about
the legitimacy of using standardized tests for this purpose. In any case, it is clear
that standardized achievement test results should not become the single most
important indicator of school performance or teacher evaluation. An
overemphasis on test scores can result in pressure that can potentially lead to
cheating by administers and teachers, which invalidates the whole idea of
achievement testing.

Yi-Fang Wu

See also Ability Tests; ACT; Criterion-Referenced Interpretation; Formative
Assessment; Norm-Referenced Interpretation; SAT; Standardized Tests;
Standards-Based Assessment; Summative Assessment

Furthar Readinac



A AL LAALL L J.\\_uulllsu

AERA, APA, ... NCME. (2014). Standards for educational and psychological
testing. Washington, DC: AERA.

Angoff, W. H. (1971). Scales, norms, and equivalent scores. In R. L. Thorndike
(Ed.), Educational measurement (2nd ed., pp. 508-600). Washington, DC:
American Council on Education.

Brookhart, S. M., & Nitko, A. J. (2014). Educational assessment of students (7th
ed.). Upper Saddle River, NJ: Pearson.

Ebel, R. L., & Frisbie, D. A. (1991). Essentials of educational measurement (5th
ed.). Englewood Cliffs, NJ: Prentice Hall.

Ferrara, S., & DeMauro, G. E. (2006). Standardized assessment of individual
achievement in K—12. In R. L. Brennan (Ed.), Educational measurement (4th
ed., pp. 579-621). Westport, CT: American Council on Education/Praeger.

Haladyna, T. M., & Downing, S. M. (Eds.). (2006). Handbook of test
development. Mahwah, NJ: Erlbaum.

Koretz, D., & Hamilton, L. S. (2006). Testing for accountability in K-12. In R.
L. Brennan (Ed.), Educational measurement (4th ed., pp. 531-578). Westport,
CT: American Council on Education/Praeger.

Monroe, W. S., DeVoss, J. C., & Kelly, F. J. (1917). Educational tests and
measurements. New York, NY: Houghton Mifflin.

Nitko, A. J. (1983). Educational tests and measurement: An introduction. New
York, NY: Harcourt Brace Jovanovich.

Resnick, D. P. (1982). History of educational testing. In A. K. Wigdor & W. R.



Garner (Eds.), Ability testing: Uses, consequences, and controversies, Part 11
(pp. 173-194). Washington, DC: National Academy Press.

The College Board. (2016). The SAT®. Retrieved from
https://sat.collegeboard.org/home

Thomas, J. Y., & Brady, K. P. (2005). Chapter 3: The Elementary and
Secondary Education Act at 40: Equity, accountability, and the evolving

federal role in public education. Review of Research in Education, 29, 51-67.
doi:10.3102/0091732X029001051

Whipple, G. M. (Ed.). (1918). The seventeenth yearbook of the National Society
for the Study of Education, Part II: The measurement of educational products.
Bloomington, IL: Public School Publishing Company.


https://sat.collegeboard.org/home

Zhongmin Cui Zhongmin Cui Cui, Zhongmin
ACT

ACT

33

36

ACT

The American College Testing Program (ACT) is a curriculum-and standards-
based educational and career planning tool assessing students’ academic
readiness for college. The ACT comprises five tests, including four subject tests
(English, mathematics, reading, and science) and an optional writing test.
Depending on whether the optional writing test is taken, the total testing time is
either 2 hours and 55 minutes or 3 hours and 35 minutes. Each of the five tests is
scored on a scale from 1 to 36. A composite score of the four nonwriting
subjects is also based on a scale from 1 to 36.

The ACT is created and administered by a nonprofit company, ACT, Inc.
(formerly known as American College Testing). ACT scores are accepted by all
4-year colleges and universities in the United States. Students can also take the
ACT overseas, and it is administered multiple times each year, both inside and
outside of the United States. This entry discusses the history of the test, its
components, methods of preparing for the test, and how the test is used.

History

On November 7, 1959, the first-ever ACT was taken by 75,460 high school
students looking forward to joining college. Although another college
admissions test (the SAT, then known as the Scholastic Aptitude Test) did exist
at that time, the ACT was different because it was a test of achievement and did
not purport to measure innate intelligence or intelligence quotient. Being
unsatisfied with the existing system of admissions testing, E. F. Lindquist and
Ted McCarrel cofounded the ACT (now ACT, Inc.) and created the first college



admission test based on information taught in schools.

Since its inception, the ACT has grown rapidly. Since 1960, ACT has been taken
in all 50 states. In 2012, for the first time, the number of students taking the ACT
surpassed the number of students taking the SAT. In 2012, over half of the
country’s high school graduates took the ACT. Part of the growth can be
attributed to statewide administrations of the ACT. In 2001, Colorado and
Illinois became the first states to adopt the ACT as part of their statewide
assessment programs to measure students’ progress toward meeting state
learning standards. Other states soon followed. For the 2014-2015 school year,
the ACT was administered as part of a state assessment to students in 21 U.S.
states.

In spring 2013, ACT announced enhancements to the ACT based on evidence
from the ACT National Curriculum Survey and to reflect changes in the
education market. These enhancements are as follows: (a) the online
administration of the ACT, (b) the addition of questions on the reading test,
addressing whether students can integrate knowledge and ideas across multiple
texts, (c) the inclusion of additional statistics and probability items in the
mathematics test for reporting of student achievement in this area, and (d)
additional scores and indicators (STEM score, progress toward career readiness
indicator, English language arts score, and understanding complex texts
indicator). However, the 1-36 score scale remains. In fall 2015, enhancements
were made to the design of the writing test and new writing scores were
introduced. The score scale has been changed from 2—12 to 1-36. Instead of one
holistic score, students receive four analytic scores (also known as domain
scores) which are used to compute the writing score on the 1-36 scale.

Test Description

The ACT consists of four multiple-choice tests: English, mathematics, reading,
and science. The ACT with writing includes the four multiple-choice tests and a
writing test. All multiple-choice items have four choices except for those on the
mathematics test which have five choices. Each item will have only one best
answer (i.e., the correct answer). Students score one point by choosing the
correct answer, with no penalty for incorrect answers.

The English test measures standard written English and rhetorical skills. The test
consists of five essays or passages, each of which is accompanied by a sequence



of multiple-choice test questions. It comprises 75 questions, and examinees have
45 minutes to finish them. Students’ performances on the English test are
reported on a scale from 1 to 36. In addition to the total test score, two subscores
(usage/mechanics and rhetorical skills) are provided.

The mathematics test measures mathematical skills students have typically
acquired in courses taken up to the beginning of Grade 12. It consists of 60
questions and examinees have 60 minutes to finish them. Students’
performances on the mathematics test are reported on a scale from 1 to 36. In
addition to the total test score, three subscores (pre-algebra/elementary algebra,
intermediate algebra/coordinate geometry, and plane geometry/trigonometry) are
provided.

The reading test measures reading comprehension. It consists of 40 questions,
and examinees have 35 minutes to finish them. Students’ performances on the
reading test are reported on a scale from 1 to 36. In addition to the total test
score, two subscores (social studies/natural sciences and arts/literature) are
provided.

The science test measures the interpretation, analysis, evaluation, reasoning, and
problem-solving skills required in the natural sciences. It consists of 40
questions, and examinees have 35 minutes to finish them. Students’
performances on the science test are reported on a scale from 1-36. There are no
subscores for the science test.

Starting from fall 2016, reporting category scores are also provided to students.
The reporting categories for the English test include production of writing,
knowledge of language, and conventions of standard English. The reporting
categories for the mathematics test include preparing for higher math, number
and quantity, algebra, functions, geometry, statistics and probability, integrating
essential skills, and modeling. The reporting categories for the reading test
include key ideas and details, craft and structure, and integration of knowledge
and ideas. For the science test, the reporting categories include interpretation of
data, scientific investigation, evaluation of models, and inferences and
experimental results.

The optional writing test measures writing skills emphasized in high school
English classes and entry-level college composition courses. It consists of one
prompt that typically presents conversations around contemporary issues and
offers three diverse perspectives that encourage critical engagement with the



issue. Students have 40 minutes to develop and compose an argument that puts
their perspective in dialogue with others. Student writing is evaluated in four
domains: ideas and analysis, development and support, organization, and
language use. The four domain scores are used to compute the subject-level
writing score that, like other subject scores, is on a scale from 1 to 36.

Preparing for the ACT

To help students prepare for the ACT, ACT, Inc. publishes an official prep book,
The Real ACT Prep Guide. In addition to information on how to register and
prepare for the test day, this book includes five practice tests, each with an
optional writing test, which were used in previous actual test administrations.
For all multiple-choice items, this book explains why an answer choice is right
or wrong. For the writing prompt, the book explains how it is scored. A review
of important topics in English, mathematics, science, and writing is also
included.

ACT, Inc. also publishes an electronic tool to help students prepare for the ACT,
ACT Online Prep, available on both desktop computers and tablet computers. It
is not an electronic copy of the official prep book, but an interactive tool to help
students become familiar with the ACT, to know their strengths and weaknesses,
and to improve. Using ACT Online Prep, students can take a short-form ACT to
get a predicted score range. Based on students’ performance on the short-form
ACT and their unique needs (e.g., the available preparation time before the test),
the system can create a personalized learning path to guide the students through
a library of learning content in the most efficient way possible. Students have
different ways to learn, including flash cards, lessons, and practice questions. A
dashboard is available for students to keep track of their progress and to get
feedback on their strengths and weakness and how to improve. This tool also
includes a full-length ACT, which was used in previous actual test
administrations, to help students get familiar with the test and predict their
performance.

Both The Real ACT Prep Guide and ACT Online Prep are available for
purchase, though ACT provides low-income students with free access to its ACT
Online Prep program. A free copy of Preparing for the ACT is available for
download at the ACT website. This document includes test information, a
complete practice test, and a sample writing prompt. It allows students to



become familiar with the test before turning to the two more extensive test
preparation tools.

There are many other test preparation companies that sell test preparation
materials and offer preparation courses or training opportunities for students to
prepare for the ACT (e.g., Kaplan, Inc.; Princeton Review). In addition to the
ACT, these companies typically offer preparation services for various other tests.
Although they typically claim coaching courses help increase their scores, there
is no solid support for such claims from research.

ACT conducted several studies between the early 1990s and 2003 to examine
ACT score increases attributable solely to short-term test preparation activities
(e.g., commercial test preparation courses, commercial workbooks, test
preparation computer software, test preparation workshops offered by local
schools) using repeat test takers and cross-sectional samples of students who
took the test at given time points. The results from these studies show that short-
term test preparation activities have a relatively small positive impact on the
ACT composite score when compared to long-term activities. The best
preparation for the ACT is to take a rigorous core curriculum in high school.

Using the ACT

The ACT is designed to give students an indication of how likely they are to be
ready for college-level work. ACT suggests that these scores or higher scores
indicate readiness for college: English, 18; math, 22; reading, 21; and science,
24. Mean scores on the ACTs are about 20, with standard deviations of about
4v5. Research has shown that students with higher ACT scores tend to be better
prepared for college-level work as shown by higher first-year GPAs in college.

Like any other achievement test, the ACT neither measures everything students
have learned in high school nor measures everything necessary for students to
know to be successful in their next level learning. Such a test simply does not
exist, so admissions decisions should not be made solely based on a single test.
The reported scale score for an examinee is only an estimate of that examinee’s
true score because of some measurement error. The ACT demonstrate very high
reliability, however, and observed scores are considered very close to students’
“true” scores.

The ACT can be used for numerous and diverse purposes. Distinct validity



evidence, however, is needed for each intended use, according to the Standards
for Educational and Psychological Testing of the American Educational
Research Association, American Psychological Association, and National
Council on Measurement in Education. The most common uses, according to the
Technical Manual published by ACT, are to measure educational achievement in
particular subjects, make college admission and college course placement
decisions, evaluate the effectiveness of high schools in preparing students for
college, and evaluate students’ likelihood of success in the first year of college
and beyond. For usage not covered by ACT’s Technical Manual, it is advised
that users support their usage by validity arguments.

Zhongmin Cui

See also Achievement Tests; College Success; SAT; Standards for Educational
and Psychological Testing
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Action Research

Action research is a form of reflective inquiry with intended use and users;
practitioners in their own educational settings conduct it in order to improve
their own professional practice and outcomes for students. Through action
research, educators identify pressing problems of professional practice and
engage in data collection, analysis, and interpretation, with the intention of
understanding gaps between desired and actual results and achieving genuine
improvements in the quality of their instruction and student learning. The action
research process and resultant findings can equip practitioners with the
knowledge they need to make real-time, evidence-based decisions about
schooling, teaching, and learning. This entry discusses the development of action
research as a method of inquiry, how and why action research is used in PreK—
16 schools and barriers to the action research use in these schools.

Educators engage in action research in order to continuously test their working
theories as to what works and what doesn’t in schools and classrooms. It is the
individuals’ immediate use of data to inform and/or improve their practice that
most distinguishes “action” research from more traditional academic research
where educators may have little input into study design, data collection, or
interpretation. This method of inquiry is most common among professionals in
PreK—16 educational settings, including regular and special education teachers,
school principals, district superintendents, instructional coaches, school
counselors, and school psychologists.

Action research is arguably the most valid, powerful, and important tool that
professionals in PreK—16 settings have at their disposal to make meaningful,
ongoing. and sustained nositive changes to their nractice intended to bring abont
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essential outcomes. Action researchers can acquire greater congruity between the
values they espouse and the values they enact in practice in classrooms and
across systems. Action research is ideal for those who hold participatory,
democratic, and improvement-oriented worldviews concerned with the
development of rich, valid, contextually useful information for the improvement
of teaching, learning, and schooling.

Background

The term action research was first used in the early 20th century to characterize
group research activities that resulted in changed community practices. A
theoretical framework for action research emerged from Kurt Lewin and his
studies of the workplace in the 1930s. He conceived of action research as an
ongoing process of thinking and doing by organizational stakeholders, bringing
about increases in employee morale and their work ownership. In time, the
principles of action research began to be integrated into the examination of
pedagogical and educational reform activities. Today, action research stands in
marked contrast to traditional educational research (or “pure” research), in which
an outside investigator examines an issue, disseminates findings (perhaps
through publication in peer-reviewed journals), and then leaves it up to
practitioners to locate, access, interpret, and implement the results.

Action research is increasingly recognized as a legitimate form of social science
research. One such measure of legitimacy are peer-reviewed venues for
publication on the topic. Action Research, an international, interdisciplinary,
peer-reviewed journal that publishes articles on the theory and practice of action
research, was launched in 2003. The journal publishes accounts of action
research projects and articles that explore the philosophical underpinnings and
methodology of action research. Action research, as a job-embedded process,
stimulates the ingenuity of educators and cultivates their ability to creatively and
collaboratively address immediate problems of practice. Educators who conduct
action research experience intellectual and professional growth, develop more
positive attitudes toward their colleagues, and improve their pedagogical skills.

Action Research for Informed Decision Making

Educators make hundreds of complex decisions every day, the most important of
which are made in a quick and intuitive fashion during the act of instruction.



Given the high-stakes and multifaceted nature of learning environments, whose
outcomes have immediate and long-standing ethical implications for individuals
and society, educators cannot afford to practice their craft in an unexamined
fashion. Decisions about what to teach and how to go about the business of
teaching and learning are too often based on recollections of events, anecdotal
information, ideas found through happenstance, and casual observations.

Through action research, school-based professionals can examine and interpret
the learning environment in order to make informed decisions about curriculum,
instruction, and assessment. It is the systematic collection and analysis of a
variety of contextualized classroom-and school-based data, including
observations, student artifacts, interviews, journal entries, formative assessment
results, and video of teaching, considered in light of established theory that helps
to transform typical and less rigorous forms of reflective practice into action
research.

Cycle of Action Research

In a cycle of action research, an educator or team of educators will (a) identify a
theory or argument about what is important and makes a difference in student
learning; (b) formulate specific questions about teaching and learning related to
their theory or argument; (c) identify and define the variables, terms, and
concepts at the heart of their questions; (d) understand the already available key
literature or studies that shed light on the questions of interest; (e) develop a
hypothesis or supposition about what their studies’ findings might reveal; (f)
collect and analyze data about the variables, terms, and concepts in their research
questions; (g) interpret the results and make decisions about what or how to
change or improve practice; (h) revisit, revise, and refine their original theory or
argument; and (i) repeat a—h as an ongoing part of their regular professional
work.

Action Research as Professional Development

Action researchers are working professionals who use applied social science data
collection and analysis methods to explore and test new ideas, methods, and
materials and assess the effectiveness of curricular approaches. Action research
is most effective when it is conceived of as a regular and routine part of their
professional practice, that is, when educators initiate and facilitate systematic



inquiry as part of their teaching and administrative responsibilities. When
educators undertake their own places of work, action research can become an
exceptional vehicle for job-embedded professional development. School leaders
can support action research activities by reserving space and time to enable
educators to jointly carry out the cycle of action research. In addition, school
leaders can incorporate the process and results of teacher action research into the
more formal systems of supervision and evaluation. Teachers can use
documentation of their individual or team-level cycle of action research as the
mechanism for setting, monitoring, and reporting their instructional practice and
student learning goals required by state and local educator evaluation systems.

Barriers to Action Research

If action research is one of the most effective means through which teachers and
administrators can improve their practice, student achievement, and schooling,
why is engagement in action research infrequent in schools? Although action
research is an effective strategy for a continuous organizational and pedagogical
improvement, there are few powerful federal or state-level policy proponents or
legislative mandates that support it. As a result, educators do not typically have
the resources or the impetus they need to carry out action research studies.

A significant resource in short supply is time. A significant amount of time is
needed in order for educators to use action research to improve instruction and
enhance student learning. Although there is no rule for how much time is needed
for action research to be productive, studies suggest that any professional
development endeavor in which teachers are engaged for less than an average of
8 hours per month will likely have little or no impact on instructional practice
and student learning. In addition to a lack of resources such as time, educators
may also lack the skills necessary for conducting high-quality, quantitative and
qualitative data collection and analysis at the core of all social science research
methods.

Rebecca H. Woodland

See also Applied Research; Conceptual Framework; Mixed Methods Research;
Professional Development of Teachers; Qualitative Research Methods;
Quantitative Research Methods
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Active Learning

This entry describes active learning, addresses its benefits and challenges, and
offers strategies for implementing active learning in classroom settings. Active
learning shifts the focus of learning from passively receiving content information
to diligently participating in learning activities. Student engagement in learning
increases retention and understanding of course content and enhances the quality
of learning outcomes. In active learning, with the guidance and assistance of the
teacher, students learn and practice new concepts and use them meaningfully.

Although there are many definitions of active learning, it can be described as a
student-centered approach to instruction. According to Charles Bonwell and
James Eison, active learning is “anything that involves students in doing things
and thinking about the things they are doing” (p. 2). The key elements of active
learning are student involvement in the learning process and critical reflection on
course material. Unlike the teacher-centered approach where students simply
listen to lectures and take notes, in active learning, students engage with the
course material, participate in the class, and collaborate with others. The process
affords students the opportunity to explore and develop new concepts through
meaningful discussions and problem-solving situations.

In active learning, teachers must shift their roles from “sage on the stage” to
“guide on the side.” They are no longer information providers; rather, they are
facilitators helping students understand a concept, demonstrate it, and apply it in
the real-world situations. In active learning, students become autonomous and
self-directed learners taking charge of their own learning by taking initiative,
monitoring progress, and evaluating learning outcomes. Consequently, students
not only develop knowledge and skills, they also show high motivation and good
attitudes toward learning.



In today’s classrooms, there is increasing emphasis on equipping students with
21st-century skills, including critical thinking, creativity, communication, and
collaboration. Critical thinking is often promoted through higher order thinking
that requires students to use cognitive skills to understand, synthesize, evaluate,
and make use of information to create content. Critical thinking helps students
gain control of their own learning and make better informed decisions as to
what, when, and how to learn. Furthermore, active learning promotes social
interactions, allowing students to work collaboratively with their peers and
teachers. Increased peer-to-peer and student-to-teacher interaction helps to build
a learning community through which students develop, share, and exchange
perspectives.

Challenges of Using Active Learning

Although active engagement empowers students to create their own learning
experiences and is believed to enhance the quality of learning, both students and
teachers perceive challenges. Some students may not be willing to abandon their
passive roles of listening to lectures. Students may not have skills required, such
as learning strategies and critical thinking, to participate in active learning. Class
of large sizes can prevent teachers from implementing active learning due to
limited class time. Teachers are preoccupied by not being able to cover the
amount of course material or feeling a loss of control. They also fear that
students may resist active learning. Other barriers include a lack of needed
materials, equipment, or resources. The challenges of using active learning can
be overcome by offering teachers effective strategies and techniques.

Strategies for Implementing Active Learning in
Teaching

To effectively use active learning, teachers first need to openly communicate
with students about their instructional goals and strategies. A common
instructional strategy for active learning is to integrate student-centered activities
into the traditional lecture. To maintain student attention span during the lecture,
a combination of instructional techniques can be used, such as open-ended
questions, small group discussions, and reflective responses. At the end of the
lecture, students are asked to answer teacher-made questions called “minute
paper,” allowing them to reflect on that day’s course material.



Several techniques are considered effective for active learning, including
collaborative learning, problem-based learning, project-based learning, and
technology-based learning. Collaborative learning activities allow students to
work together with others to achieve a common goal, whereas problem-based
learning, a student-centered approach, enables students to gain knowledge and
skills through the experience of solving difficult and complex problems.
Problem-based learning requires critical thinking, self-regulation, and self-
motivation on the part of students.

Another way to embrace active learning is by using flipped learning. Due to the
increasing availability of digital technology, teachers can easily prepare short
video lectures for students to view and learn course material, at home before the
class session. Flipped learning emphasizes students’ learning responsibility. It
allows teachers to free up class time to explore the challenging aspects of course
content and engage students with the content, using various types of active
learning activities such as open-ended discussions in pairs or small groups. In
the flipped classroom, teachers provide personalized learning and meet
individual student needs. Through active engagement with anytime and
anywhere access to video lectures, students learn at their own pace to master the
concept.

Lina Lee
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Adaptive Behavior Assessments

Adaptive behavior refers to a group of basic skills that people must master in
order to function and survive. These skills are conceptual, social, and practical
skills used in daily life. Assessment of adaptive behavior skills is necessary as a
component of the diagnosis or classification for having an intellectual disability.

People with an intellectual disability typically have significant deficits in their
conceptual, social, and/or practical skills. These deficits can prevent them from
being fully independent. Adaptive behavior measures can be used to help
determine the level of impairment. This entry first looks at how the criteria for
diagnosing intellectual disabilities have changed and now include deficits in
adaptive functioning. It then describes the two main rating scales used to assess
adaptive behavior skills, the Adaptive Behavior Assessment System (ABAS) and
the Vineland Adaptive Behavior Scales.

Intellectual Disabilities and Adaptive Behavior Skills

A deficit in adaptive behavior skills has not always been a part of assessment for
intellectual disabilities. When the American Psychiatric Association first
published the Diagnostic and Statistical Manual of Mental Disorders (DSM) in
1952, the classification category of mental deficiency was introduced to account
for cases that were primarily a defect of intelligence present at birth with no
known organic brain disease or known prenatal cause for the deficits. Cases
were to include only individuals with familial or idiopathic (unknown origin)



mental deficiencies, and severity was to be determined by IQ scores in the
following three ranges: mild (an IQ of approximately 70-85), moderate (1Q 50—
70), and severe (I1Qs below 50). Although IQ scores were necessary to determine
the range and expectations, the DSM noted the importance of considering other
factors.

When the second edition of DSM (DSM-II) was first published in 1968, the term
mental retardation (MR) replaced mentally deficient. The DSM-II better aligned
with what was then called the American Association on Mental Retardation
(now the American Association on Intellectual and Developmental Disabilities)
and supported five ranges of severity (borderline, mild, moderate, severe, and
profound), with the borderline range for IQ scores in the 68—85 range. It listed
clinical codes for 9 subcategories for the disorder, based on the circumstances of
origin (e.g., following infection and intoxication; following trauma or physical
agent).

In 1980, the DSM-III placed MR in a new section titled “Disorders Usually First
Evident in Infancy, Childhood or Adolescence.” The three main criteria for a
diagnosis of MR remained consistent with the previous version (i.e., impaired
IQ, impaired adaptive behaviors, and onset during the developmental period);
however, these criteria were further refined at this time. Subnormal intelligence
was now set two standard deviations below the mean (IQ of 70), instead of one
standard deviation (IQ of 85) with the addition of a five-point interval to be
considered (IQ 65-75) to account for the standard error of measure. Onset
during the developmental period was defined as occurring below 18 years of
age. Impairments in adaptive functioning were required; however, the DSM
noted that the then-current measures were not considered valid to be used in
isolation to make this decision and recommended that clinical judgment should
evaluate adaptive functioning in individuals relative to similar aged peers.

In the DSM-1V, first published in 1994, the three criteria for diagnosing MR
were retained from the previous version. The criterion of adaptive functioning
was further defined as requiring deficits in two of 10 possible areas: (1)
functional academic skills, (2) social/interpersonal skills, (3) communication
skills, (4) self-care, (5) home living, (6) use of community resources, (7) self-
direction, (8) work, (9) leisure, and (10) health/safety. These deficits were
determined by an individual’s score on an adaptive measure that was 2 standard
deviations (SDs) below the norm. These criteria remained consistent in the
subsequent text revision of the DSM-IV-TR in 2000.



In 2002, the American Association on Mental Retardation made the landmark
decision to change the way it defined the severity of MR, moving away from
classifying levels based on intellectual functioning to levels of supports needed
(intermittent, limited, extensive, or pervasive) to close the gap between problems
in adaptive functioning and enhancing an individual’s capabilities. The Supports
Intensity Scale was developed to measure the need for supports and includes 49
life activities grouped into six subscales: Home Living, Community Living,
Lifelong Learning, Employment, Health and Safety, and Social Activities. In
2008, the American Association on Mental Retardation reported that SIS has a
.87 inter-rater reliability coefficient, which the organization said put the scale in
an “excellent range” of reliability in assessment instruments. Recent research
suggests that proper training in the administration of the SIS increases the
reliability of the instrument.

There were many changes in the way that disorders are conceptualized with the
publication of the DSM-5 in 2013. In an attempt to move away from a purely
categorical classification system and to incorporate more of a dimensional
approach to regarding disorders along a continuum, the DSM-5 is organized
using a developmental framework. The section labeled “Disorders Usually First
Diagnosed in Infancy, Childhood, or Adolescence,” in the DSM-IV was removed
and in its place a new section called “Neurodevelopmental Disorders” was
added. The term MR was replaced by intellectual disabilities, also known as
intellectual developmental disorders, which include categories for global
developmental delay (for children under 5 years who demonstrate delays and
have not yet been assessed) and unspecified intellectual disability (for cases over
5 years of age where assessment cannot be conducted due to other factors such
as severe behavior problems or sensory/motor impairments). The DSM-5
continues to use specifiers (mild, moderate, severe, and profound) to identify the
severity of the disorder; however, unlike previous versions of the DSM, the
severity no longer is based on IQ scores but now refers to levels of adaptive
functioning in the conceptual, social, and pragmatic domains.

Rating Scales

Adaptive behavior rating scales are used to obtain feedback from parents,
caretakers, teachers, and employers. It is important to obtain feedback from
multiple sources. If a child has two parents, it is customary to ask each parent to
complete a rating scale. Professionals have found that parents can differ in their
viewnoint of a child’s ahilities. Parents also sometimes vield scores higher than
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those from other sources because parents may overestimate their child’s ability
or may not be able to compare their child to a child without adaptive behavior
deficits as easily as a teacher can because teachers also spend time with students
who do not have delays.

If adaptive scores from parents are inconsistent with a teacher scale and other
information gathered, it is often wise to consider following up with an interview.
Another parent adaptive rating scale may be used and administered in an
interview format. By questioning a parent and providing examples of what the
item is asking, feedback may be provided that more readily matches a child’s
deficits.

There are two major rating scales used to assess adaptive behavior in children,
adolescents, and adults: Adaptive Behavior Assessment System, Third Edition
(ABAS-3) and Vineland Adaptive Behavior Scales, Third Edition (Vineland-3).

ABAS

The ABAS-3, published by WPS,; is one of the leading adaptive behavior
measures. The measure, authored by Patti Harrison and Thomas Oakland, was
updated in 2015. The ABAS-3 includes five rating forms: Parent/Primary
Caregiver Form (for ages 0-5 years), Teacher/Daycare Provider Form (for ages
2-5 years), Parent Form (for ages 5-21 years), Teacher Form (for ages 5-21
years), and an Adult Form (for ages 16-89 years).

Parents, close family members, teachers, day care staff, supervisors, or others
who are familiar with the daily activities of the person being evaluated can
complete any of these forms. Eleven adaptive skill areas are assessed by the
ABAS-3; either nine or 10 skill areas are included on each form, depending on
the age of the person being rated. The three adaptive domains that are addressed
are conceptual, social, and practical. In addition, the test provides an overall
General Adaptive Composite. All scores are categorized descriptively as
extremely low, low, below average, average, above average, or high.

The conceptual composite consists of the following skill areas: communication,
functional academics, and self-direction. The communication skill area assesses
how well one speaks using appropriate grammar. It also looks at the ability one
has in stating information about oneself and how well one converses with others.
Functional academics assesses how well one performs the basics in academics in



order to function daily at school, home, and the community. Self-direction
assesses how well one acts responsibly. For example, this can include
completing schoolwork and chores, controlling anger and frustrations
appropriately, and making responsible choices in spending money.

The Social Composite Scale consists of information regarding the following skill
areas: leisure and social. Leisure includes things one does when not in school or
doing chores at home. Examples could include the following: reading a book or
putting together a puzzle, playing games with friends, joining in sports activities,
and/or joining some type of club. Social involves the ability to make friends and
maintain friendships. It also assesses how well one is aware of other people’s
feelings and appropriate actions taken in certain situations.

The Practical Composite Scale measures the following skill areas: community
use, home living, health and safety, and self-care. Community use assesses how
well one functions in the community. For example, this can include using the
library and mailing letters at the post office. Home living evaluates how well one
is able to do things at home for oneself. Making the bed, preparing food for
oneself, and washing one’s dishes are all examples of this skill area. Health and
safety is an important skill in that it looks at one’s ability to be healthy and safe
in everyday situations. This may include following rules: using caution around a
hot stove and seeking help when someone is hurt. Self-care assesses how well
one functions independently in taking care of self. One must be able to do
everyday things on one’s own, such as dressing oneself, bathing, and using the
bathroom.

The ABAS-3 standardization was completed using 7,737 research forms
completed by the respondents who rated the adaptive behavior of 4,500
individuals. Sample sizes were 1,420 for the Infant and Preschool Forms, 1,896
for the Parent and Teacher Forms, and 1,184 for the Adult Forms. The sample
represented the 2012 United States population in terms of ethnicity, gender, and
household education level, and all geographic regions were represented.
Compared to the U.S. Census, there was an overrepresentation of White
individuals and those with a higher level of education.

Internal consistency, which indicates the degree to which test items correlate

with each other and is often treated as an estimate of reliability, is excellent. The
a reliability coefficients range for the broad adaptive domains was 0.90-0.98 on
the Teacher/Daycare Pr0V1der Form, 0.93-0.99 on the Teacher Form, 0.85-0.98
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on the Adult self-report form, and 0.96-0.99 on the Adult rated by others form.
For the adaptive skill areas, the reliability coefficient range was 0.72—0.97 on the
Teacher/Daycare Provider Form, 0.82—0.99 on the Teacher Form, 0.76-0.97 on
the Parent/Primary Caregiver Form, 0.81-0.99 on the Parent Form, 0.80—0.99 on
the Adult self-report form, and 0.82—0.99 on the Adult rated by others form.

Test-retest reliability refers to the stability of test scores over a time period. The
correlations on this measure are very good. The average corrected test—retest
correlations on the Parent/Primary Caregiver Form are .70 for the adaptive skill
area scaled scores, .76 for the adaptive domain standard scores, and .82 for the
General Adaptive Composite. The average corrected test—retest correlations on
the Parent Form are .77 for the adaptive skill area scaled scores, .80 for the
adaptive domain standard scores, and .86 for the General Adaptive Composite.
The average corrected test—retest correlations on the Teacher/Daycare Provider
Form are .80 for the adaptive skill area scaled scores, .80 for the adaptive
domain standard scores, and .86 for the General Adaptive Composite. The
average corrected test—retest correlations on the Teacher Form are .80 for the
adaptive skill area scaled scores, .81 for the adaptive domain standard scores,
and .84 for the General Adaptive Composite. The average corrected test-retest
correlations on the Adult Form (self-report) are .76 for the adaptive skill area
scaled scores, .85 for the adaptive domain standard scores, and .87 for the
General Adaptive Composite. The average corrected test—retest correlations on
the Adult Form (rated by others) are: .75 for the adaptive skill area scaled scores,
.85 for the adaptive domain standard scores, and .89 for the General Adaptive
Composite.

Vineland Adaptive Behavior Scales

The Vineland-3, published by Pearson, is another leading adaptive behavior
measure. The measure, authored by Sara Sparrow, Domenic Cicchetti, and
Celine Saulnier, was updated in 2016. The Vineland-3 includes three rating
forms: interview form (for ages 3 to adult), parent/caregiver form (for ages 3 to
adult), and a teacher form (for ages 3—21). Parents, close family members,
teachers, day care staff, supervisors, or others who are familiar with the daily
activities of the person being evaluated can complete any of these forms. Test
items may be read aloud to those with poor vision or poor reading skills. The
Vineland-3 offers online and paper administration options for all forms and
computerized or hand scoring for all forms. Administration time is



approximately 20 minutes for the Interview Form and 10 minutes for the
Teacher Form.

The remainder of this section provides information on the Vineland-2 because
the Vineland-3 was not published at the time this entry was written. Nine
adaptive skill areas are assessed by the Vineland-2. The three adaptive domains
that are addressed include communication, daily living skills, and socialization;
there are optional motor skills and maladaptive behavior domains. In addition to
domain scores, the test provides an overall adaptive behavior composite. All
scores are categorized descriptively as low, moderately low, adequate,
moderately high, or high.

The communication domain score consists of the following subdomains:
receptive, expressive, and written. The receptive subdomain assesses how an
individual listens and pays attention and what the individual understands. The
expressive subdomain assesses what an individual says and how the individual
uses words and sentences to gather and provide information. The written
subdomain assesses what an individual understands about how letters make
words and what the individual reads and writes.

The daily living skills domain score consists of the following subdomains:
personal, domestic, and community. The personal subdomain assesses how an
individual eats, dresses, and practices personal hygiene. The domestic
subdomain assesses what household tasks an individual performs. The
community subdomain assesses how an individual uses time, money, the
telephone, the computer, and job skills.

The socialization domain score consists of the following subdomains:
interpersonal relationships, play and leisure time, and coping skills. The
interpersonal relationships subdomain assesses how an individual interacts with
others. The play and leisure time subdomain assesses how an individual plays
and uses leisure time. The coping skills subdomain assesses how an individual
demonstrates responsibility and sensitivity to others.

The Vineland-2 standardization was completed using 3,695 individual cases.
The norm sample was stratified based on demographic variables such as sex,
race/ethnicity, socioeconomic status, and geographic region. Recruitment was
based on the 2001 U.S. population demographic data. All regions of the United
States were represented. Sample sizes were 1,085 for ages 0:0—4:11; 2,290 for
ages 5:0-21:11; and 320 for ages 22:0-90.



Internal consistency is good. The reliability coefficient range for the
communication domain is .84 to .93; in the subdomains, it was .59 to .80 for
receptive, .76 to .93 for expressive, and .73 to .85 for written. The reliability
coefficient range for the daily living skills domain is .86 to .91; in the
subdomains, it was .66 to .83 for personal, .72 to .85 for domestic, and .77 to .83
for community. The reliability coefficient range for the socialization domain is
.84 to .93; in the subdomains, it is .76 to .87 for interpersonal relationships, .58
to .83 for play and leisure time, and .78 to .88 for coping skills.

Test-retest reliability correlations are very good. The average adjusted test—
retest correlation across all forms is .88 for domains; it is .88 for the
communication domain, .89 for the daily living skills domain, and .85 for the
socialization domain. The average adjusted test—retest correlation across all
forms is .85 for subdomains. Within the communication domain, it is .89 for
receptive, .84 for receptive, and .87 for written. Within the daily living skills
domain, it is .85 for personal, .89 for domestic, and .87 for community. Within
the socialization domain, it is .82 for interpersonal relationships, .79 for play and
leisure time, and .80 for coping skills.

Inter-interviewer reliability is good for the Survey Interview Form. The average
correlation between interviewers is .73 for domains; it is .68 for the
communication domain, .80 for the daily living skills domain, and .72 for the
socialization domain. Across all forms, the mean correlation is .70 for
subdomains. Within the communication domain, it is .69 for receptive, .77 for
receptive, and .74 for written. Within the daily living skills domain, it is .77 for
personal, .75 for domestic, and .67 for community. Within the socialization
domain, it is .71 for interpersonal relationships, .53 for play and leisure time, and
.63 for coping skills.

Inter-rater reliability (Parent/Caregiver Rating Form) is good for the Survey
Interview Form. The average correlation between raters is .77 across domains,
.77 for the communication domain, .71 for the daily living skills domain, and .78
for the socialization domain. Reliability across all forms is .77 for subdomains.
Within the communication domain, it is .82 for receptive, .72 for receptive, and
.81 for written. Within the daily living skills domain, it is .63 for personal, .78
for domestic, and .85 for community. Within the socialization domain, it is .73
for interpersonal relationships, .74 for play and leisure time, and .73 for coping
skills.



Alan W. Brue and Linda Wilmshurst

See also Diagnostic and Statistical Manual of Mental Disorders; Diagnostic
Tests; Rating Scales

Further Readings

American Association on Intellectual and Developmental Disabilities. (2008).
Supports Intensity Scale™ Information. Retrieved from
https://aaidd.org/docs/default-source/sis-docs/latestsispresentation.pdf?
sfvrsn=2

Brue, A. W., & Wilmshurst, L. (2016). Essentials of intellectual disability
assessment and identification. Hoboken, NJ: Wiley.

Wilmshurst, L., & Brue, A. W. (2010). The complete guide to special education:
Expert advice on evaluations, IEPs, and helping kids succeed (2nd ed.). San
Francisco, CA: Jossey-Bass.


https://aaidd.org/docs/default-source/sis-docs/latestsispresentation.pdf?sfvrsn=2

Jennifer A. Brussow Jennifer A. Brussow Brussow, Jennifer A.
Adequate Yearly Progress

Adequate yearly progress

44

47

Adequate Yearly Progress

Adequate yearly progress (AYP) is a federal accountability measure established
under the No Child Left Behind Act of 2001 (NCLB). Under the AYP system,
states established timelines for improving the academic achievement level of
over 12 years, at the end of which 100% of students in all subgroups should
perform at the proficient level or better. This entry first discusses the regulations
establishing the AYP measure and the reception of the AYP process by
administrators, parents, and educators. It then looks at the impact of AYP on
student achievement, how the percentage of schools failing to make AYP
increased over the years, and the waiver system introduced in 2011.

Regulations

Each state’s department of education sets the AYP targets for each state’s public
schools. Private schools were not required to participate in the AYP system.
NCLB requires each state’s targets to follow a timeline ensuring that by the end
of the 2013-2014 school year, 100% of students, including 100% of students in
identified subgroups, were meeting or exceeding the state-defined level of
proficiency on academic achievement assessments. With the December 2015
authorization of the Every Student Succeeds Act, the AYP system was replaced
by state-determined long-term goals.

According to the federally mandated schedule, states were required to align their
tests with their chosen state academic standards and begin testing students.
Students in Grades 3-8 were tested annually in reading and math, and those in
Grades 10—12 were tested at least. Additionally, a sample of fourth and eighth



graders in each state are expected to take the National Assessment of
Educational Progress reading and mathematics tests every other year. The
National Assessment of Educational Progress data were used to make cross-state
comparisons and compile a national report card showing aggregate levels of
student proficiency.

Annual AYP targets were set separately for reading and for math achievement.
Overall state targets were set for the total population of students, and separate
targets were set for the subgroups of economically disadvantaged students,
students of identified major racial and ethnic groups, students with disabilities,
and students with limited English proficiency. The process of improving student
subgroups’ attainment of academic proficiency at a rate faster than the overall
improvement rate is sometimes referred to as “closing the gap.”

In order for a school to be considered to be making AYP, three conditions had to
be met. First, at least 95% of overall students as well as 95% of the students in
each subgroup with 45 or more students must have been tested. Additionally, the
overall population of students as well as each subgroup of students was required
to meet or exceed the state-determined objectives or increase the percentage of
students meeting or exceeding the target by at least 10%. Federal guidance
indicated that students can be counted more than once when determining
proficiency rates. Finally, the school also had to meet the minimum annual state
target for attendance rate for elementary and middle schools and graduation rate
for high schools.

Using these targets, state departments of education were responsible for
determining the schools and districts considered to be making AYP. When
schools failed to make AYP for multiple years in a row, they were subject to the
following system of penalties outlined in NCLB. Title I schools that failed to
make AYP for 2 consecutive years were enrolled for the program improvement
process and were designated as schools in need of improvement. Parents of
children in those schools were given the choice to transfer their children to other
schools that were not identified for improvement and not identified as
persistently dangerous. Priority in school choice was mandated to be given to
low-achieving children from low-income families. If all schools in a district
were classified as in need of improvement, districts were encouraged to
cooperate with neighboring districts in order to provide school choice.

After 3 years of failing to make AYP, the school was required to provide
futoring and other sunnlemental services for low-income students in addition to
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providing parents with the option of school ch01ce After 4 years of failing to
make AYP, schools were subject to additional corrective actions. These actions
included replacement of specific school staff relevant to the failure, institution of
a new curriculum, the appointment of outside experts to advise the school,
extension of the school year and/or school day, and internal restructuring.

Failure to make AYP in the 5th year led to development of a plan to reopen the
school as a charter school, replace most or all school staff, turn over school
operations to the state or to a private company, or enact some other major
restructuring. After 6 years of failing to make AYP, the school is expected to
implement the plan designed in the previous year. In practice, most schools
opted for the “other major restructuring” option rather than completely replacing
the staff or surrendering operations to an external entity. A school was eligible to
exit the program improvement process when it had met AYP for 2 out of the past
3 years.

Reception

The accountability measures under NCLB and the AYP system met with
resistance from many school administrators, educators, and parents. Although
many lauded the legislation’s goal of having 100% of students in all
demographic subgroups score proficient or better by the end of 2014, this goal
was quickly criticized as impossible to attain, especially for subpopulations such
as students with disabilities and students with limited English proficiency.

Some evidence suggested that the AYP system was causing beneficial increases
in schools’ attention to the alignment between curriculum and instruction.
However, there was also concern that apart from imposing penalties, the schools
failing to make AYP were systematically stripped of needed resources instead of
providing them with assistance, thus setting up a cycle of failure. Additionally,
some school buildings that had performed well on other measures of success
struggled to meet the proficiency benchmarks required for AYP, which caused
confusion surrounding the assessment practices driving the accountability
process.

As increasing numbers of buildings failed to make AYP, some observers became
convinced that the AYP system overidentified schools as being in need of

improvement. Additionally, several reports indicated that states were employing
a varietv of strategies tn <low or rever<e the trend of increacing niimhers nf
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schools failing to make AYP, which included changing state testing policies by
lowering cut scores, adopting new tests, and revising test administration policies.
By implementing these strategies, some states managed to successfully reduce
their number of buildings failing to make AYP. However, such changes to the
testing process subverted the intention of the accountability system to accurately
measure and improve student achievement consistently through time.

The increased testing schedule mandated in NCLB was another cause for
concern. Although only 19 states had annual reading and mathematics tests in
place in 2002, all states had adopted this testing schedule by 2006. This increase
in time spent on testing drew concern from some parents and educators.
Moreover, many parents and educators felt that the need to meet the consistently
rising achievement goals set through the AYP process pressured classroom
instructors to narrow their curriculum in order to address test content, thus
decreasing the attention paid to subjects other than reading and math and to
content that did not appear on the test, thereby depriving children of a balanced
education. Finally, many states reported that they lacked sufficient funds or staff
needed to implement the requirements of the AYP system, especially the
corrective actions mandated for schools in the program improvement process. As
a result of these concerns, several articles and reports called for the abolishment
of the accountability system and the AYP measure.

Impact

The percentage of students nationwide performing at or above the proficient
level on state tests increased for many subgroups of students under NCLB. In
addition, scores on the National Assessment of Educational Progress generally
improved since the adoption of NCLB, although critics of the law argue that the
trend of performance improvement had already been established before the
NCLB took effect.

Despite state-level gains in the percentage of students performing at or above the
proficient level, an increasing percentage of schools failed to make AYP as time
went on and the proficiency targets grew closer to 100%. From 2010 to 2011, the
percentage of U.S. public schools failing to make AYP increased from 39% to
48%, which was the highest percentage since NCLB took effect in 2002, and it
represented an increase of 19 percentage points over the 2006 rate of 29% of
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the percentage of schools failing to make AYP varied widely by state, from 7%
in Wyoming to 91% in Florida.

Waivers

As a result of the increasing percentage of schools failing to make AYP, the U.S.
Department of Education introduced a formal process for waiving accountability
requirements in 2011. The waiver process allowed states flexibility in setting
new annual measurable objectives to use in determining AYP and waived the
penalties for schools failing to make AYP. Waivers initially granted states
flexibility in meeting the provisions of NCLB through the end of the 2013-2014
school year, though states could apply for an extension through the 2014-2015
school year. At the end of the 2014-2015 school year, states had the option to
request a 3-year renewal of flexibility. By 2014, a total of 43 states, the District
of Columbia, Puerto Rico, and a group of California school districts received
approval for the waivers.

Jennifer A. Brussow
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Admissions Tests

Admissions tests usually refer to tests designed to find candidates suitable for
higher education. Such tests and other forms of entrance examinations can be
made mandatory for applicants in a country or region to take or they may be
specific to a university or a university program. This entry first discusses the
roles and importance of admissions tests, the principles on which they are based,
and their history. It then looks at how admissions tests can be characterized and
issues in admissions testing.

In an admission decision, there are two fundamental roles that a test can fulfill:
to identify candidates who have sufficient knowledge to be able to complete an
education (eligibility) and to rank the candidates and to make a selection in cases
where there are more eligible candidates than there are available slots
(selection). A test can be designed to meet either of these two roles, although
most admissions tests are used only for selection purposes. Admissions tests can
be further categorized with respect to the construct or constructs they are
assumed to measure. Standardized aptitude tests measure aptitude in general
cognitive skills and are designed to determine a person’s ability to learn.
Entrance examinations are generally achievement oriented and focus on what a
candidate has learned.

Having a fair selection model is of greatest importance in a democratic society.
Although modern higher education often can be regarded as education for large
parts of the population, universities are still institutions educating those who will
hold important positions and influence society. An important question is how the



number of slots at these universities should be distributed and what constitutes a
fair admissions system, as this is not an easy or uncontroversial question to
answer.

Fairness and Meritocracy

Fairness is closely connected to distributive justice, which concerns a socially
just allocation of goods. There are several types of distributive norms describing
how goods can be allocated such as equity, equality, power, need, and
responsibility. In selection to higher education, there are different views on what
can be considered a fair system.

Although not uncontroversial, it is common to base admissions systems on the
idea of meritocracy. Applicants are ranked by their merits, usually measured by
test scores or previous grades. But there may also be influences from a utilitarian
approach, where equality, need, and responsibility also become important.
Universities may aim for a selection that makes the student body more
representative of society as a whole or in some other way more balanced.

There may be practical and ethical problems with following principles other than
the meritocratic because it may be regarded as unfair to give certain groups
advantages even if they are underrepresented in higher education. Often, it is
prohibited to set quotas for certain groups in selection situations, irrespective of
whether the group in question is underrepresented. An exception can be when
the selection is made between two individuals with equal merits. In order for the
meritocratic principle to be maintained, the challenge is therefore to find or
develop instruments for eligibility and selection that measure the relevant
construct or constructs without any bias related to student background. This has
proven to be very difficult, as all measurement instruments, including grades and
tests, are known to have error and often work differently for different groups of
individuals.

History of Admissions Tests

Just how long higher education entrance examinations have existed is a source of
debate. It has been claimed that such tests were first introduced in France in the
18th century. This fits well with the historical situation at the time when
principles of equality were stressed in connection to the French Enlightenment.



Meritocracy became a leading word. It would no longer be burden and privilege
that decided who was to enter higher education. Rather, it was the best
performance in terms of preparation or preknowledge that would determine
selection.

Other sources indicate, however, that entrance examinations to higher education
were introduced much earlier, for example, in Spain in the late 1500s. In
England and Germany, admissions testing was introduced in the mid-19th
century. But despite the early introduction of testing, the emergence of
admissions tests was still modest at this time. Although there were meritocratic
ambitions in training and selection, money and privilege were still the best entry
tickets to higher education well into the 1900s, especially into the more
prestigious schools.

Emergence of Standardized Testing in Admissions

Even if tests have existed for a long time and in many countries, the United
States should be considered the country where admissions tests were first
developed on a larger scale. There, admissions tests have been in use for a long
time, with the Scholastic Aptitude Test (SAT) as the first and most important of
a number of different tests.

The SAT was developed by the College Board in the United States during the
1920s in order to standardize the selection process for higher education. It was
originally based on the Army Alpha test, which was used in the recruitment of
soldiers during World War I. The Army tests were descendants of IQ tests. For
that reason, the early versions of the SAT were quite similar to IQ tests.

World War II increased the need for testing for military purposes. The demand
for skilled labor increased and a large number of war veterans aimed for higher
education, which boosted the industry of testing for educational purposes. Up to
that point, scoring was performed manually, but by 1939, scoring became
automated, which simplified the procedures surrounding the SAT.

By 1941, the SAT was psychometrically advanced, with normed and
standardized scores in order to enable comparisons over time, which should be
considered unique for the time period. In 1947, the Educational Testing Service
was established, and since then, it has been responsible for the development and
administration of the SAT. As a consequence of increased demand for higher



education, the educational sector in the United States expanded significantly.
This had the consequence that the market for eligibility and selection tests
flourished, and during this period, the organization the American College
Testing Program was formed. The company, now ACT, Inc., developed ACT as
a competitor to the SAT. Both of these tests have since received great
recognition and been of great importance to education in the United States, when
it comes to both higher education and various preparatory courses.

Use of Admissions Tests Today

The United States is not the only country that has developed entrance
examinations to higher education. But no other country has done it in the same
scientific, large-scale, and standardized way. Admission tests are available in
many countries, but it is then common for universities to use smaller scale tests
targeted to specific training. However, there are some entrance examinations
similar to the American selection tests in design and purpose, including tests
used in Sweden, Israel, and Georgia.

Admission tests are usually used in conjunction with other selection instruments,
and there are a large number of different models applied throughout the world.
As mentioned, in the United States, the SAT and ACT are common tests to take
if one wants to enter university education. Schools use tests in combination with
other materials, such as secondary school performance and recommendation
letters. A few other countries use aptitude-like tests such as Sweden (SweSAT)
and Israel (PET). These countries also rely on other material in the selection
process. In Sweden, one third of the students are admitted by the SweSAT and
the remaining students are admitted by upper secondary school grades. In Israel,
the PET is combined with national secondary leaving exams.

A common model used in many countries is to require students to take entrance
examinations. National exams are used in countries such as China and Georgia.
Turkey and Spain use national exams in combination with high school
performance, while Japan and Russia use multiple examinations where one part
constitutes a national exam and other parts institutionally conducted
examinations.

Finally, some countries do not rely on entrance examinations at all. In those
instances, high school performance is the most important selection instrument.
One example where there are no tests involved is Norway. In the case of



entrance examinations, the contents vary by country and institution. In some
institutions, the entrance examination covers a wide field of knowledge, whereas
in other countries and institutions, the exams cover more specific areas
connected to the university program that is being applied for.

Characterization of Admissions Tests

The distinctions between different types of tests have to do with what one wants
to measure and how one wants to use the results. A test can be classified in
several ways. Tests used in the admission context are what are called indirect
measurements. This means that the test asks questions about knowledge or skills,
which in turn are indicators of some kind of superior knowledge, skill, or ability.

A second distinction concerns test type. Admission tests are usually norm
referenced. This means that the result of the test is interpreted purely in
comparison to the results of other test takers. The score on a norm-referenced
test does not tell whether an individual qualifies in terms of knowledge. It
merely indicates whether the individual scored higher or lower than the
individual’s peers. This is natural because the purpose of admission tests is
usually to rank individuals or at least to separate them. The opposite of norm-
referenced tests is called criterion-referenced tests. In this case, the purpose is to
measure knowledge in relation to a predetermined criterion. Such tests give
information about what a person can or cannot do. The latter types of tests are
sometimes used in admissions, to establish whether a candidate meets eligibility
conditions.

A third characterization of tests concerns what type of question is posed, referred
to as item type. Most commonly, admission tests contain closed format items
such as multiple-choice items, where a respondent answers the questions by
selecting one out of several prespecified alternatives. However, there are several
different item formats used, and often a multiple-choice test cannot provide
information that is relevant for the selection at hand. One example of this is if a
selection to an artistic school is being made. In this case, it is very difficult to use
a multiple-choice test because such a test will not be able to test the skills
required, for example, how well a person plays the violin. In such cases,
standardized multiple-choice tests may still be used but only in conjunction with
other measurement of skills such as an audition.

Multiple-choice tests may also give limited information in other respects. An



alternative to prespecified answer alternatives is to use an open question format,
where the test taker writes an answer. This is used in some of the major
admission tests such as the SAT where a writing assignment is included in the
test. From a general point of view, the choice of item formats can be seen as a
trade-off, where multiple-choice items have the advantage of being simple to
score and considered objective in the sense that there is no human involvement
in scoring, whereas open questions may have greater realism at the expense of
being subjective and harder to score.

A fourth characterization concerns the format of the test. When tests use a paper-
and-pencil format, the respondent takes the test in a school or test center and a
proctor collects the answer sheets at the end of the test. Computerized tests have
some advantages over paper-and pencil tests: A test can be scored immediately
after the testing session, it is easier to vary the order of which items are
presented among test takers to prevent cheating, and adaptive testing can be
implemented to shorten the number of items necessary to establish a final score.
One major drawback with computerized tests is that they are considered
expensive and difficult to implement on a large scale.

Issues in Admissions Testing

Despite the long use of admission tests in higher education selection, there is an
ongoing debate about the usefulness and the drawbacks of tests compared to
other ways of ranking students. Below, two areas where the debate is continuing
are discussed.

Test Validity

The meritocratic principle means that individuals who have the best chances of
completing a university education should be those who are admitted. The
instruments used in the selection of candidates should therefore be capable of
predicting what candidates will be successful in higher education. Predictive
validity is used in psychometrics as a concept to reflect the extent to which a test
score predicts an outcome, in this case, how successful students will be at their
academic studies.

To operationalize predictive validity, researchers and other investigators
measure whether the score on the instrument correlates with academic
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achievement. 'I'here are numerous correlation studies made with regards to
admission tests. In the American context, studies are usually performed by
correlating the score on the SAT (or ACT) with achievement in higher
education, usually measured as the grade point average after Year 1 in
university. Most studies find that admission tests, to some extent, can predict
academic achievement. However, there is no consensus of exactly how well
admission tests serve in this respect.

Admission test scores can also be compared to other admission instruments, such
as high school grades. Comparisons of grades and test scores in their ability to
predict future performance usually show that grades predict academic
achievement better than test scores, but both instruments have been shown to
have predictive power, indicating that using both instruments to predict
academic achievement is better than just using one of the instruments.

Coaching and Cheating

In comparison with previous academic performance, one potential drawback
with using tests is that the examiner cannot observe the candidate for a longer
time period and is therefore less certain that the candidate has the required skills.
Although the modern tests are designed so as to limit coincidence or luck, it is
nevertheless problematic that candidates vary with respect to things such as test
anxiety. Some individuals do not perform well when they are exposed to high-
stakes tests. To limit anxiety, a candidate may benefit from learning about the
test format and content.

Receiving professional coaching on the contents of a test has become
increasingly popular. Although it is beneficial for the candidate in the short run,
it may be detrimental for learning as well as time-consuming. In those instances
where admission tests are used as the only selection instrument, learning in high
school may well be hampered by the focus on a single exam. To what extent
coaching is harmful for learning has yet to be determined.

A general problem with tests is cheating, such as by obtaining test questions
beforehand. New technology makes cheating easier. There are examples of spy-
like technology having been used to obtain the test items during a session, which
then are delivered to other test takers using earpieces. Preventing and detecting
cheating is very important because the aim of a test is to rank individuals to find
the most suitable candidates.



Magnus Wikstréom and Christina Wikstrém

See also Achievement Tests; ACT; Aptitude Tests; Predictive Validity; SAT;
Standardized Tests

Further Readings

Code of Fair Testing Practices in Education. (2004). Washington, DC: Joint
Committee on Testing Practices.

Helms, R. M. (2009). University admissions: Practices and procedures
worldwide. International Higher Education, 54, 5-7.

Lemann, N. (1999). The big test: The secret history of the American
meritocracy. New York, NY: Farrar, Straus and Giroux.

Linn, R. (2001). A century of standardized testing: Controversies and pendulum
swings. Educational Assessment, 7, 29—-38.

Zwick, R. (2002). Fair game? The use of standardized admissions tests in higher
education. New York, NY: RoutledgeFalmer.



Meagan M. Patterson Meagan M. Patterson Patterson, Meagan M.
Adolescence

Adolescence

51

54

Adolescence

Adolescence is a transition period from childhood to adulthood, typically
spanning approximately from 12 to 18 years of age. Development during
adolescence involves attaining physical and sexual maturity, along with
increased complexity of thought and social behavior. Understanding adolescent
development is critical for the development of policy and practice related to
secondary education. This entry discusses the history of the construct of
adolescence, developmental contexts and tasks of adolescence, the stages of
adolescence, and major domains of adolescent development.

History

The notion of a distinct developmental stage between childhood and adulthood is
a relatively new concept. In the late 19th century, theorists such as G. Stanley
Hall began promoting the idea of adolescence as a distinct life stage. Prior to this
time, there was a sense of youth (roughly the period from one’s midteens
through early 20s) as an important and impressionable period of development,
but not the modern sense of adolescence as a time of identity exploration and
relative lack of adult responsibilities. The increasing availability of public
education and decline in child labor contributed to the view that a period of
transition from childhood to the assumption of adult roles was necessary.

Throughout much of the 20th century, adolescence was viewed as a period of
“storm and stress,” in which adolescents struggled to manage their emotions, had
frequent conflicts with parents and other authority figures, and engaged in high-
risk behaviors. Despite this popular view, researchers have argued that the



notion of adolescence as a time of high drama is largely exaggerated. Although
adolescents do report more negative moods and more frequent mood swings than
either adults or younger children, the majority of adolescents report feeling
happy and confident most of the time.

Researchers operating from the perspective of positive youth development argue
that the traditional view of adolescence has been overly negative and focused on
deficits (e.g., mental illness, alcohol and drug use). Positive youth development
theorists argue that researchers and practitioners should instead focus on
adolescents’ strengths and structure environments such that these strengths are
tapped and promoted.

Developmental Tasks and Contextual Demands

Developmental tasks are fundamental abilities and achievements that must be
acquired for optimal development at a given life stage and appropriate progress
toward the next phase of life. Key developmental tasks of adolescence include
development of realistic self-perceptions (awareness of one’s strengths and
weaknesses in various domains), identity development (including development
of a vocational identity in preparation for a career), establishing autonomy from
parents, engaging in appropriate peer relationships (belonging to a peer group,
forming and maintaining friendships), navigating sexuality and romantic
relationships, and development of coping skills (such as conflict resolution and
decision making).

As in other life stages, one key determinant of individual outcomes is the
goodness of fit between the individual’s needs and capabilities and what is
required of the individual by the environment. Due to their developmental needs,
adolescents often desire greater autonomy and flexibility from their
environments than children do. Parents and teachers can promote optimal
development for adolescents by allowing autonomy and choice while still acting
as a source of emotional support and monitoring adolescents’ behavior and
emotional states.

Stages

Researchers typically divide adolescence into three stages: early, middle, and
late adolescence. Early adolescence typically begins around 11-12 years of age



and continues through approximately age 14. Early adolescence is a time of
rapid physical changes associated with puberty. Along with these physical
changes, there are important social changes, most often including greater
emotional independence from parents and increasing reliance on friends as
sources of social and emotional support. During middle adolescence
(approximately ages 14—16), pubertal changes near completion. Consistent with
their greater physical maturity, middle adolescents often show increasing interest
in romantic and sexual relationships. By late adolescence (approximately ages
16-18), pubertal changes are complete and adult appearance is in place. Late
adolescents have a firmer sense of identity than younger adolescents and are
clearly moving toward assumption of adult roles and responsibilities.

The onset of puberty is a key marker of the transition from childhood to
adolescence. Multiple factors, including heredity, nutrition, and overall physical
health, influence when an individual goes through puberty. Pubertal changes
include overall body growth (in both height and weight), the onset of
menstruation for girls, and the development of secondary sexual characteristics
(including development of body hair, facial hair growth for boys, and breast
development for girls). Typical pubertal development takes approximately 4
years.

Girls tend to begin and complete puberty earlier than boys; thus, it is not unusual
for girls to be taller, heavier, and more mature in appearance than boys of the
same age during early adolescence. These biological changes, combined with
media images emphasizing beauty and thinness as key determinants of women’s
worth, may contribute to negative body image and decreased self-esteem among
adolescent girls.

Puberty may impact other aspects of development, such as self-concept and peer
relationships. The timing of puberty seems to be particularly important, with
early puberty relative to peers having a negative impact for girls but a more
positive impact for boys.

Brain Development

Shortly before the onset of puberty, the brain experiences a growth spurt of sorts,
with rapid growth of synapses (the connections between neurons that allow for

the transmission of signals across the brain). During adolescence, those synapses
that are not used are pruned and disappear. Throughout adolescence, the amount



of myelin (a fatty sheath that increases the speed of communication between
neurons) in the brain also increases. These processes of synapse generation,
synaptic pruning, and myelination occur throughout the brain during adolescence
but particularly in the frontal cortex. The maturation of the frontal cortex
contributes to increased executive function capabilities (including control of
attention, inhibition of impulses, and improved decision making) over the course
of adolescence. The frontal lobe of the brain is one of the last areas of the brain
to mature fully, and the relative immaturity of this structure may contribute to
risk taking among adolescents.

Neural connections between various brain regions increase in strength during
adolescence. These strengthened connections contribute to the cognitive
advances seen in adolescence, including improvements in attention, planning,
problem-solving, and self-regulation.

The brain’s sensitivity to certain neurotransmitters also shifts during
adolescence. These changes mean that adolescents respond to both stressful and
pleasurable events more strongly than do younger children or adults. Increased
sensitivity to neurotransmitters may contribute to certain risk-taking behaviors
(such as drug use) and to psychological disorders such as depression.

Cognitive, Social, and Identity Development

Cognitive Development

Cognition in the adolescent stage shows many advances over childhood
cognition. These include increases in abstract thinking, scientific reasoning,
planning, hypothetical reasoning (including thinking about the future),
perspective taking, and metacognitive skills. Executive function skills, including
selective attention, inhibition, and cognitive self-regulation, also improve. Thus,
thinking in adolescence is more abstract, logical, flexible, and well-organized
than children’s thinking. The increasing ability to consider hypothetical
outcomes may lead adolescents to be especially idealistic in their thinking,
particularly regarding abstract concepts such as justice or discrimination.

Social Cognition



The social, environmental, and biological changes that occur in adolescence lead
to a greater variety of relationships and social encounters. Along with these
changes come greater awareness of and interest in other people. In some cases,
this awareness may lead adolescents to become self-conscious and preoccupied
with how others view their appearance and behavior. This increasing self-
awareness, combined with the view that one is unique and particularly worthy of
others’ attention, comprises the phenomenon of adolescent egocentrism.

Identity Development

As individuals move through adolescence, their self-concepts become more
accurate, detailed, and nuanced. Compared to children, adolescents have a better
sense of their individual strengths, weaknesses, and capabilities across a variety
of domains. Across the course of adolescence, individuals become increasingly
aware of and are able to consider ways in which they may have a different self in
different contexts (e.g., being outspoken with friends but reserved with family
members). Adolescents who have warm, supportive relationships with their
parents tend to have more positive views of themselves than do adolescents
whose parents are harsh, critical, or uninvolved. Similarly, encouragement from
teachers, coaches, or nonparental relatives can help to promote positive self-
views for adolescents.

Identity development is one of the most widely studied aspects of development
in the adolescent stage. In his theory of psychosocial development, Erik Erikson
describes the central psychological conflict of adolescence as identity versus
identity confusion. The major developmental task of this stage is for adolescents
to explore various aspects of identity (such as vocational aspirations, political
beliefs, and cultural or ethnic identity) and to ultimately commit to a personal
identity that is coherent and well integrated. This process often involves
questioning one’s own previously held beliefs or the beliefs of family and
community members. A well-established identity, in Erikson’s view, provides a
sense of who one is and where one is going in life. Adolescents whose families
provide support while encouraging exploration and self-expression tend to have
a positive sense of identity. Close, supportive relationships with friends can also
facilitate the identity development process.

Sexuality



Negotiating sexual identity and sexual behavior is another key developmental
task of adolescence. Adolescents often spend a great deal of time and energy
thinking about romantic and sexual relationships. By age 18, approximately two
thirds of adolescents report having had at least one sexual partner. Adolescents
who are involved in serious or exclusive dating relationships tend to initiate
sexual activity earlier than those who are not involved in such relationships.

For adolescents who identify as gay or lesbian, the average age of “coming out”
(disclosing one’s sexual orientation to others) is 16—17 years. Most youth come
out to friends before disclosing to parents or other relatives. Coming out now
typically occurs several years earlier than in previous decades, largely due to
greater visibility and acceptance of gay and lesbian individuals.

Family Relationships

Although adolescents generally rely less on parents for social and emotional
support than younger children, parents are still an important source of support
and guidance through the adolescent years. Adolescents who have warm,
supportive relationships with their parents tend to have positive outcomes in the
areas of peer relationships, identity development, and academic achievement.

Responding to the adolescent’s increasing desire for autonomy is often a
challenge for parents. A cooperative parent—child relationship, open
communication, and continued parental monitoring of adolescents’ behavior
(e.g., knowing where the child is after school, enforcing curfews) are associated
with positive outcomes for adolescents.

Peer Relationships

Peers become an increasingly important source of social and emotional support
during adolescence. Over the course of adolescence, friendships become more
focused on intimacy (such as being able to disclose thoughts and feelings) and
loyalty. This emphasis on emotional closeness in friendships is especially strong
for girls. Close, supportive relationships with friends can promote positive
identity development and engagement with school. Friendships tend to be closer
and more intimate than romantic relationships, particularly for early and middle
adolescents.



Parents and teachers are often concerned about peer pressure among adolescents.
Although adolescents (particularly early adolescents) are somewhat more likely
to conform to peers than younger children or adults, this is not always
detrimental. For example, adolescents tend to conform to their peers in domains
such as academic engagement and participation in extracurricular activities.
Adolescents whose parents use an authoritative parenting style (including a
balance of warmth and appropriate limits on behavior) tend to be more resistant
to antisocial peer influence.

Mental Health

Many mental illnesses, such as depression, schizophrenia, and eating disorders,
tend to emerge for the first time during adolescence. Depression is the most
common psychological problem seen among adolescents. Both physical and
environmental factors can contribute to the development and emergence of
mental illness; risk factors include a family history of the disorder, high levels of
family conflict, harsh or uninvolved parenting, experiences with trauma (such as
abuse, sexual assault, or death of a loved one), and peer rejection. Adolescents
who are gay or lesbian may be at greater risk of psychological problems such as
depression or substance abuse, particularly if their family or other environments
are unsupportive.
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Adultism

Adultism refers to all attitudes and actions that flow from the idea that adults are
superior to young people and have the right to control and punish them at will.
These attitudes are embedded in institutions, customs, child rearing practices,
and relationships between young people and adults. Psychologist Jack Flasher is
generally credited with first using the term in this sense in a 1978 journal article.
Although not widely accepted, the concept of adultism has received attention in
the children’s rights movement and within critical psychology.

Adultism is pervasive, often unconscious, and deeply influences relationships
between youth and adults. It is difficult to identify, challenge, and eliminate
precisely because everyone has experienced it to some degree and because much
adultist behavior is considered natural and normal by most people. This entry
describes examples of adultism in society; its effects, including its emotional
legacy and links to other forms of societal mistreatment; and how individuals
and organizations, including schools, can assess their level of adultism and find
ways to avoid it.

Understanding Adultism

Children are for the most part highly controlled by adults, who tell them what to
eat, what to wear, when they can talk, that they will go to school, and which
friends are OK. Even as they grow older, young people are punished freely by
adults, their opinions are not valued, and their emotions are often considered
immature. Adults reserve the right to threaten young people, take away their
“privileges,” and ostracize young people as part of disciplining them; in some



cultures, even beating children is considered acceptable as part of discipline.

The fact that adults genuinely have enormous importance in and responsibility
for the lives of young people may make it difficult to understand adultism. Not
everything adults do in relation to young people is adultist. Young people need
love, guidance, rules, expectations, teaching, role modeling, nurturance, and
protection. The attitude that defines adultist behavior is disrespect for the young
person’s intelligence or autonomy; this attitude allows adults to treat young
people in a way that they would never treat another adult.

Adults’ approaches to young people are based partly on culture, ethnicity,
gender, class, and religion, complicating the identification of adultism. Different
cultures accept or reject different behaviors from children and youth; different
cultures accept different degrees of harshness by adults in the punishment of
unacceptable childhood behavior. Virtually no culture has identified and
accepted the concept of adultism as an oppressive set of attitudes and behaviors
to be understood and rejected. Something can be considered adultist if it
involves a consistent pattern of disrespect and mistreatment.

Examples of Adultism

In the extensive research literature on children and youth, there is very little
stating that young people are an oppressed group, with parallels to other
oppressed groups. Those who do see prevalent attitudes toward young people as
comparable to racism and sexism point to common statements and occurrences
as examples of adultism. Common statements that show disrespect are the
following: “You’re so smart for 15!” “When are you going to grow up?” and
“What do you know? You haven’t experienced anything!”

Physical and sexual abuse of children is all too common. Physical punishments
such as hitting, beating, and constraining children for bad behavior are widely
accepted, even when illegal. Nonphysical punishments that show disrespect
include routinely criticizing or yelling at young people and arbitrarily grounding
them or denying them privileges. Punishment often becomes more severe if
young people protest against the mistreatment.

On the other end of the spectrum, far from punishment but disrespectful
nonetheless, adults often pick up little children and kiss or tickle them without
asking them or allowing for the treatment to be mutual. Adults often grab things



out of children’s hands without asking. These actions are not ill intended but
rather conditioned by the wider culture.

Adults often talk down to children, talk about them in their presence as though
they were not there, and give young people orders or lay down rules with no
explanation. Although adults expect young people to listen to them, they
generally do not take young people’s concerns as seriously as those of adults.
Adults typically do not respect the way young people think in the way they
respect adult thinking.

Adultism in Schools

Schools use hall passes, detention, suspension, expulsion, and other penalties to
control students. All communities need rules to live by, but the rules in most
school communities are imposed on young people and enforced by adult staff,
with no input from the children or youth. Teachers sometimes yell at students
and are not disciplined, but students who yell at teachers generally are
disciplined. In cases of a teacher’s word against a student’s, in many schools, the
teacher’s version typically prevails. Students are graded and those grades can,
over time, cause them to internalize a lifelong view of themselves as “smart” or
“average” or “dumb”—with a profound impact on their lives. Students, however,
do not assign grades to their teachers, and when a student gets a poor grade, it is
typically assumed that the student and not the teacher is to blame.

Regardless of whether school is an effective learning environment for a
particular young person, an American student must attend school until at least
age 16 years (and in many states until 18 years), unless parents exercise the
demanding option of homeschooling. Most elementary and secondary schools
give students little to no voice, power, or decision-making avenues to make
significant changes.

Youth Roles and the Youth Market

Throughout U.S. society, young people find few decision-making roles and no
real opportunities for developing policy or holding political power. At the same
time, however, the youth market is exploited for profit as the manufacturing and
entertainment industries manipulate styles, fads, and other aspects of mass
culture to appeal to young people.



Effects of Adultism

The main negative messages young people receive from the treatment described
earlier are that they are not as important as adults, are not taken seriously, and
have little or no power. The emotional legacy of this kind of treatment,
depending on its intensity, may leave scarring including anger, feelings of
powerlessness, insecurity, inferiority, depression, lack of self-confidence and
self-respect, and hopelessness. These emotional states can lead to unhealthy
behavior. Some young people respond to these feelings by bullying, being prone
to violence, or rebelling against the norm. Some become self-destructive and
commit suicide, abuse alcohol or drugs, become depressed, or engage in
behaviors such as cutting. Some isolate themselves, feel lonely, don’t ask for
help, don’t trust, and have few close relationships. Other factors, such as
poverty, trauma, serious physical or mental abuse, disability, or poor health, may
also produce these results. But systematic disrespect and mistreatment over years
simply because of being young contributes to feelings of powerlessness and low
self-esteem.

Adultism has links to other forms of prejudice, including that mistreatment can
condition people to act out against others who are less powerful. In this way,
adultism conditions young people to play their respective roles in the other
structures of oppression, such as sexism and racism. All of these structures of
oppression reinforce each other, and how young people are treated or mistreated
is closely tied to their class, gender, and ethnicity. Yet the phenomenon of being
disrespected simply because of being young holds true across diverse
backgrounds and environments.

Assessing Adultism

It is useful to examine youth—adult interactions, program practices, policies, and
power relationships through the lens of adultism. One might ask questions such
as “Would I treat an adult this way?” “Would I use the same tone of voice?”
“Would I grab this out of an adult’s hand?” “Would I listen to an adult friend’s
problem in this same way?” The opposite of adultist behavior includes listening
attentively to young people; asking them questions about what they think and
implementing some of their ideas; curbing the inclination to take over; giving
them freedom to make mistakes, within safety limits; and supporting their
initiative. Parents and teachers can reexamine their approach to discipline to
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On an organizational basis (e.g., school, classroom, and youth program), the
following questions can help assess the level of adultism: How are young people
involved in decision making? What is the evidence that young people’s
capabilities and intelligence are being respected? How balanced are the power
relationships between adults and young people? Have the discipline policies and
practices been reexamined for adultism? Do young people have an appropriate
engagement in policies? For example, in schools, are elementary students’
assessments of their teachers systematically gathered or are high school students
involved in staff hiring, curriculum assessment, or teacher evaluation? Are the
opinions and ideas of young people valued in obvious ways?

John Bell

See also Corporal Punishment; Educational Psychology; Emotional Intelligence;
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Development
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Advocacy in Evaluation

Advocacy in evaluation involves a set of inherent tensions in the commissioning
and practice of policy and program evaluation. The two primary tensions are (1)
advocacy for particular social goods, or what are the most legitimate values that
can be advanced in evaluation studies and (2) advocacy for particular
constituencies, or who comprises the most important audiences for evaluation
studies. These tensions arise because evaluation is both a technical and a social
practice that typically takes place in politicized contexts and because evaluations
of programs, especially public programs, have multiple legitimate interested
audiences. This entry concentrates on evaluations of public programs and
policies wherein the issues of advocacy are most salient and consequential.

Evaluation as the Social Practice of Valuing

Evaluation is a technical activity that relies on various methodologies and tools
of social science. Evaluators conduct experiments, surveys, and case studies, and
they use assessments, questionnaires, interviews, and observations as primary
data collection techniques. Yet, as distinct from most social science research,
evaluation is also a social practice of valuing, as it explicitly involves making
judgments of quality regarding the program being evaluated.

The core logic of evaluation, as articulated by evaluation expert Michael
Scriven, involves the comparison of data gathered to established criteria or
standards of goodness. These criteria define, for that evaluation study, a good or
effective program. For example, criteria for judging the quality of a new high
school biology curriculum could include strong student average test
performance, favorable teacher ratings of the substantive and pedagogical
attributes of the curriculum, or the documented success of the new curriculum in



attracting students from groups traditionally underrepresented in the sciences to
biology as a field of study and possible career.

Further, various criteria convey different values regarding a good or effective
program. In an evaluation of an educational program, a criterion that specifies
acceptable student performance, on average, advances the values of
egalitarianism. A criterion that addresses the reach of this program to all
students advances values of social equity. And so the selection of criteria for
judging program quality inevitably involves the advancement, or the advocacy,
of some values and not others.

Recognized Audiences and Purposes for Evaluation

Audiences for evaluation are also known as evaluation stakeholders, or
individuals and groups who have a legitimate stake or vested interest in the
program being evaluated. There are three recognized groups of legitimate
evaluation stakeholders: (1) those responsible for authorizing and funding the
program——policy and other decision makers; (2) those responsible for
implementing the program—administrators, staff, and volunteers; and (3) the
intended beneficiaries of the program, their families, and communities as well as
the broader public.

Stakeholders characteristically have different interests in and thus different
evaluative questions about the program. Different evaluation questions are
further linked to different evaluation purposes. Decision makers usually want to
know if the program “worked,” that is, achieved its intended programmatic and
policy outcomes. Program implementers typically want to know how they could
improve the design and implementation of the program, for example, to reach
more people or to adapt program materials for newly arrived immigrant families.
And program participants are usually interested in how well the program’s
promised benefits match their own particular needs.

Evaluation audiences and purposes are linked, in part, to the developmental
stage of an educational program. A new computer technology program that
provides a laptop computer and related instruction for every child in Grades 3-5
in a particular urban school district would be evaluated for the purposes of
program improvement and thus for audiences of program developers,
administrators, and staff. An established technology-oriented after-school



program that has been through several cycles of implementation and
improvement would be most appropriately evaluated to assess its outcomes, both
intended and unintended, for broad audiences of educational policy makers and
community families alike.

The selection of audiences for an evaluation study is further contingent on
additional contextual factors that include policy priorities, funding, and
sociocultural factors. Even so, the evaluator has both the authority and the
responsibility to contribute to the identification of key evaluation audiences and
purposes. And so, beyond programmatic and contextual contingencies, the
selection of audiences for an evaluation study involves the privileging, or
advocacy, of some stakeholder priorities over others.

Evaluators’ Responsibilities for Advocacy

Social policy and program evaluations are nearly always initiated by those
responsible for funding, implementing, or critically reviewing a given social,
educational, or health program. Evaluators are then called in to conduct an
evaluation that is already substantially framed and bounded by extant priorities
and expectations. This framing usually includes expectations of the criteria to be
used to make judgments of quality, the primary purposes and audiences for the
evaluation, and the key questions to be addressed.

Often, all of the factors that frame an evaluation are not explicitly stated. Even
so, it is the evaluator’s responsibility to ensure that the advocacy in that
evaluation—which values are advanced and whose interests are addressed—is
defensible, fair, and serves the broader public good.

Jennifer C. Greene
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African Americans and Testing

This entry describes issues related to African Americans and testing and
discusses possible reasons for the relatively low average performance of African
Americans on standardized tests. The difference in test performance, or
achievement gap, between African American students and European American
students has been the subject of much research. Many factors may contribute to
the achievement gap, including socioeconomic differences, the home
environment, parent educational level, and teacher perceptions of students’
academic abilities. Understanding and addressing the reasons for lower test
performance among African Americans is important because of the use of test
results in diagnosing learning problems, determining a student’s academic level,
and making other significant decisions about schools and students.

Importance of Testing

Various kinds of decision making are involved in teaching. It is necessary for
teachers to know their students’ performance in the classroom. Testing is one
way of doing this. Testing allows a teacher to compare one student’s
performance on a particular task with a set standard or the performance of other
students by gathering information about student learning. Many people can
design a test, including a classroom teacher; local, state, or federal government
agencies such as school districts; or commercial test development firms. When
done properly, testing can provide unbiased data for decision making, giving it a
large role in many classroom decisions.

Testing became more common in K—12 classrooms, with the No Child Left
Behind Act of 2001, which used the results of standardized tests to measure
school performance. Test results are also used to make many decisions about



individual students. Achievement tests are common measures given to students
and are meant to measure a student’s level of learning in specific content areas
such as reading comprehension, language usage, computation, science, social
studies, mathematics, and logical reasoning.

Admission to kindergarten; promotion from one grade to the next; high school
honors, Advanced Placement classes and graduation; access to special programs;
placement in special education classes; teacher licensure and tenure; and school
funding may all be affected by test results. In making these decisions, it is of
great importance to consider the quality of the test itself and the way the test is
used. For example, many African Americans are inappropriately identified as
needing remedial instruction, and a majority are placed in special education
classes.

It is important to know the consequences of choosing one test over another for a
particular purpose with a given group. Of equal significance is understanding
how the test scores of minority-group students will be interpreted and the effect
of testing on each of the students. In addition, we need to be cognizant of what
we mean by intelligence, competence, and scholastic aptitude and what
implications come with each of these. Do our views agree with those implied by
the tests we use to measure these constructs? How will other information about
the individual be integrated with test results to make major decisions or
judgments? Responding to these questions requires choices based on values as
well as accurate information about what tests can and cannot tell us.

African American Students and Test Performance

Research evidence shows African American students underperform on academic
tests due to a variety of reasons including socioeconomic differences, the home
environment, parent education, teaching practices, teacher perceptions, and
anxiety. The increase in child poverty and a greater emphasis on low-level skills
in high-poverty schools may be worsening this gap.

When compared to students from low-socioeconomic families, students from
higher socioeconomic families are rated as having higher academic ability.
African American students tend to be overrepresented in the lower
socioeconomic status. One possible explanation as to why there is a significant
difference by socioeconomic status in teacher perceptions of students’ academic
ability is the mismatch between what the test measures and what the teacher is



evaluating. For instance, research shows African American students and students
from low-socioeconomic families possess a smaller vocabulary than European
American students and students from middle-/high-socioeconomic families.
Socioeconomic status may be a proxy for vocabulary differences that teachers
may be incorporating into their perceptions of students’ academic ability, which
are not captured by the tests and teacher perceptions.

Depending on the teacher—student interaction, the skills and habits that a student
demonstrates may be rewarded differently. Parents and students with higher
socioeconomic status tend to possess higher levels of cultural capital that is
valued in the school and testing settings. The cultural capital that a teacher may
reward in the classroom includes social and behavioral skills.

Some researchers point to institutional-based racism toward African American
students in educational testing as another reason for the achievement gap, with
some of these researchers using the mathematics teaching in schools as an
example. They argue that approaches to mathematics are mainly driven by what
works for European American students, and the poor achievement test scores in
predominantly African American schools are a reflection of this institutional
racism. One way to address this problem is to intentionally include components
of the cultural history of African Americans that could be applied to
mathematics.

Research examining various factors that contribute to the achievement gap
between African American and European American students has shown that
teachers’ perceptions of students’ academic ability is a significant factor in the
observed gap. Research evidence reveals that in addition to academic skills,
teachers’ valuations of students include their work habits, motivation, effort, and
behavior, commonly referred to as social and behavioral skills.

African American students tend to receive lower ratings on measures of social
and behavioral skills than European American students even when controlling
for other characteristics such as students’ socioeconomic status, gender, age,
family structure, test scores, and prior social and behavioral skills. Teacher
reports of social and behavioral skills are seemingly more important for teacher
perceptions of student academic ability for African American students than for
European American students. In other words, classroom behavior has a larger
influence on how teachers perceive the academic ability of African American
students than it does for European American students. According to research in
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Anxiety appears to play a significant role in the achievement gap between
African American and European American students. A study examining the
achievement gap between minority and majority racial groups in schools sought
to measure academic test results and anxiety related to those tests among diverse
high school students. The study results showed that European American students
performed better on the tests, and race accounted for 9-23% of the variance,
even after controlling for educational opportunities and socioeconomic status.

African American students are often anxious about negative consequences of
failing, such as not receiving a regular diploma and having restricted access to
college or trade school. Another aspect of anxiety that may be experienced by
African American students during testing is stereotype threat, which refers to the
risk of confirming a negative stereotype of one’s group. A seminal 1995 study
by Claude Steele and Joshua Aronson found that African American students did
better on a test composed of difficult verbal questions from the GRE General
Test when they were told it was for research on psychological factors in
problem-solving than when they were told it measured their verbal abilities.
Numerous studies have since been published on stereotype threat among a range
of groups.

High-Stakes Testing and African American Students

High-stakes testing may have further widened the gap between the scores of
African American and European American students. Decisions affected by test
scores are so critical that many educators call this process high-stakes testing.
High-stakes testing refers to standardized tests whose results have powerful
influences when used by school administrators, other officials, or employers to
make decisions. For example, high-stakes test results can be used to hold
teachers, schools, and administrators accountable for student performance.

It is reasonable to expect that a test measures what has been taught due to the
weight of what rides on test results. However, research shows that fewer than
10% of the items in students’ curricula overlapped with both the textbooks and
the standardized tests students were given. In response to this mismatch, some
teachers have resorted to “teaching to the test.”

Recance nf the average difference hetween the test seores nf African American
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and European American students, teachers of predominantly African American
students are most likely to teach to the test in an effort to narrow the
achievement gap. This emphasis on test performance may, however, lead to
increased dropout rates among African American students if they feel they are
going to fail the exam that many states require for high school graduation.
Without the expectation of graduating, they see no point in continuing to attend
school.

Finally, African American students may underperform on achievement tests
because teaching strategies and academic content often do not align with their
lived experiences. African American students may perform better on tests if
teaching strategies align closely with the specific types of problems that the
students will encounter on the test and are embedded in a culturally responsive

pedagogy.
Wilfridah Mucherah
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Age Equivalent Scores

An age equivalent (AE) score is a type of norming that provides an estimate of
the chronological age (CA) at which a typically developing child demonstrates
the skills displayed by the child being assessed. Scores are intended to convey
the meaning of test performance in terms of what is typical of a child at a given
age based on the mean raw score on a test obtained by the group of children in
the normative sample at a specific age. This entry describes how AE scores are
calculated and discusses their limitations.

AE scores are often expressed in years and months (e.g., 5;0 for 5 years, 0
months). In simple terms, if on average children at 36 months of age obtain a
score of 10 correct responses on a particular test, then any child obtaining a
score of 10 correct will receive an AE of 36 months.

Limitations

Despite the wide use of AE scores, there are several well-documented limitations
associated with these scores. First, in contrast to standard scores and percentile
ranks, AE scores do not take into consideration the range of normal performance
for individuals whose scores fall within the average range. Rather, these scores
represent the age at which a given raw score is average. It would be expected
that half of the examinees on a test will achieve a higher AE score than their
corresponding CA. Similarly, half of the examinees should receive a lower than
average AE score.

The lack of consideration for a range of normal performance results in AE scores



implying a talse standard ot pertormance. For example, one might expect a 4-
year-old child to earn an AE score of 4;0. However, due to the nature of AE
scores, half of the 4-year-old examinees will earn an AE score that is below their
CA. A child who receives a standard score or percentile rank that is below the
mean for a given age-group may be performing well within the range of normal
or within 1 standard deviation away from the mean. This same examinee might
earn an AE score that is significantly below the examinee’s CA. Therefore, AE
scores make no attempt to describe a normal range of performance, therefore
these types of scores are ineffective in case management decisions.

A second reported limitation of AE scores is that these scores promote
typological thinking. AE scores compare children to the “average x-year-old.”
However, the average x-year-old does not exist. Rather, the term average
represents a range of performance for a particular age-group.

A third serious limitation of AE scores is the lack of information about a test
taker’s performance on a given test. When two children earn the same AE score,
the examiner cannot assume that the children responded the same way to the
stimulus items on the test. Earning the same AE score simply means that these
two children answered correctly the same number of questions. Although a 5-
year-old and a 10-year-old may earn the same AE score, these two children may
have approached the stimulus items differently. That is, they may have
demonstrated varying performance patterns. It is likely that the younger child
performed lower level work with greater consistency, reaching a ceiling early
on. The older child likely attempted more problems but performed at a lower
accuracy level. Consequently, AE scores would be ineffective in making
inferences about what can be expected from these children regarding their
language abilities. AE scores may also be ineffective in assessing children with
severe developmental delays or mental retardation. AE scores are not valid when
evaluating children with Down syndrome because these children may use
different underlying processes when approaching stimulus items. If the
development of these two groups of children is not comparable, AE scores are
no longer valid for children with Down syndrome. In other words, the fact that a
child with Down syndrome has an AE score that is similar to that of a much
younger typically developing child does not mean that the child with Down
syndrome is using the same underlying processes as the younger child.

A fourth commonly reported limitation of AE scores is the derivation method of
these scores. AE scores are derived through interpolation and extrapolation. For
examnle. when deriving AF scores for a test. the test develoners mav examine a
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group of children in the normative sample whose CAs fall between 5;0 and 5;5.
These children’s scores are plotted and smoothed into a graph. Using this graph,
the AE scores for children at each month interval are estimated or extrapolated.
The AE score for each age represents the average raw score for that age-group of
children. Thus, when AE scores are calculated, they represent a mean score of a
group of children who were not actually tested.

A fifth problem with AE scores is that these scores falsely imply that abilities
increase at a constant rate from year to year. Unlike standard scores, which
follow an equal-interval scale, AE scales are ordinal, with a flattening of the
curve as the age increases. That is, as age increases, similar differences in AE
scores are due to the smaller and smaller differences in raw scores. For example,
a difference in AE scores of 3 months for a 4-year-old is more significant than a
difference of 3 months for a 14-year-old. Therefore, AE scores cannot be used to
demonstrate change in a child’s skills over time.

Zachary Conrad
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Alignment

In educational assessment, alignment refers to how well assessments measure
what is taught or intended to be taught. In 2002, Norman Webb described
alignment as the “extent to which expectations and assessments are in agreement
and serve in conjunction with one another to guide the system toward students
learning what they are expected to know and do” (p. 1). This entry discusses the
models used to measure and understand alignment and the reasons why
alignment is important.

Most alignment models consider the match or overlap between curriculum (in
the form of content standards or curriculum guides), tests or other assessment
tools, and classroom instruction. Because of this, measures of alignment are best
thought of as a form of content-related evidence of validity. According to
Stephen Haynes, David Richard, and Edward Kubany, content-related validity is
understood to be how well an assessment instrument reflects the particular
construct that is being measured by the instrument. Although the concept of
alignment can be applied in a variety of contexts (e.g. credentialing, employment
tests), its most frequent application has been in the realm of K—12 standards-
based accountability.

Among the many provisions in the No Child Left Behind Act of 2001, perhaps
none received as much attention as the requirement that states develop and
administer annual statewide standardized tests in Grades 3—8 and at least once in
high school. These tests were intended to measure both students’ knowledge and



their progress toward meeting state-defined performance standards. The idea
behind the testing requirement was that combining student achievement data
with strong accountability consequences for schools, districts, and state
education agencies would result in improved academic outcomes. To achieve
this objective, educational systems needed to ensure (and were federally
mandated to demonstrate) the alignment between their content standards and
standardized assessments.

The Council of Chief State School Officers issued a monograph that reviewed
the three frameworks most commonly used by states and test developers for
evaluating alignment: (1) the Webb model, (2) the surveys of enacted curriculum
model, and (3) the Achieve model. Each of these frameworks involves expert
review of standards and assessments that results in a series of indices
characterizing the extent of match or overlap in state standards, assessments, and
(in the case of the surveys of enacted curriculum) classroom instruction.

It is important to note that alignment is not a dichotomous variable (i.e., aligned
vs. not aligned). Rather, the information produced by alignment studies can be
used by policy makers, test developers, and educators to make adjustments to
test content or instructional practices to improve the extent of alignment with the
curricular expectations outlined in content standards.

Clearly, an insufficient degree of alignment (i.e., a significant mismatch between
content standards and test content) can result in fragmentation and confusion for
educators and students. For example, in the absence of alignment, how are
educators to determine the skills and knowledge most important to teach?
Moreover, if test content does not match what was taught to students in class,
they may experience frustration and failure on required assessments. A lack of
alignment between these elements also calls into question any inferences drawn
from assessments. Without demonstrating adequate alignment between tests and
content standards, it is impossible to determine whether a school’s success or
failure in demonstrating adequate yearly progress can be attributed (at least in
part) to the quality and content of classroom instruction.

Although other models have been proposed for understanding alignment, the
intended curriculum model developed by Alexander Kurz and Stephen Elliott is
the most recent and comprehensive one. The model demonstrates curricular
expectations expressed at different levels in the educational system: system-
wide, classroom, and individual student.



According to the intended curriculum model, two types of curriculum exist at the
system level: the intended curriculum and the assessed curriculum. Intended
curriculum refers to subject-and grade-specific content and skills that are
outlined in content standards, teacher’s manuals, or curriculum guides. The
second system-wide curriculum is the assessed curriculum, representing the
content actually measured during testing. Both of these system-level curricula
could be viewed as policy tools sending messages to educators and students
about the skills and concepts that are valued and important. For example,
teachers may make decisions about the topics to be emphasized based on what
they know or believe will be on the subsequent high-stakes test.

Moving from the system level, Kurz and Elliott define a series of curricula at the
teacher and student level. The planned curriculum represents the teacher’s
actually teaching plans based on the content outlined in the standards, whereas
the enacted curriculum represents the content the teacher subsequently delivers
during instruction.

The planned and enacted curricula can introduce substantial variation in
alignment across the system. For example, a number of factors (e.g., teacher
expertise, student skill level) may result in an individual teacher’s decision to
emphasize some aspects of the intended curriculum while simultaneously de-
emphasizing or skipping others. The most widely used alignment evaluation
frameworks (the Webb model, the surveys of enacted curriculum model, and the
Achieve model) focus on alignment at the intended curriculum model’s system
level and (sometimes) the teacher level.

Kurz, however, indicates that variation at the individual student level may
influence alignment as well. The engaged curriculum consists of instructional
content on which a student is productively engaged. Student engagement might
be influenced by a variety of factors including difficulty level of the task,
classroom behavior, or the quality of teachers’ classroom management. Only
instruction that is provided in a manner and context that facilitates productive
engagement is likely to become part of students’ learned curriculum and
subsequently part of their demonstrated curriculum.

The demonstrated curriculum represents the skills and understanding students
are able to produce as part of the standardized test or other assessment strategies.
Factors beyond quality of instruction and student engagement also influence

students’ ability to demonstrate their learning. If assessment items are poorly
decioned nr the needed tectino accnmmandatinne are nat made availahle c<tnidente
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may be unable to produce responses that represent the true scope of their
learning.

Andrew T. Roach and Jacquelyn A. Bialo

See also Adequate Yearly Progress; Content-Related Validity Evidence; No
Child Left Behind Act

Further Readings

Haynes, S. N., Richard, D. C. S., & Kubany, E. S. (1995). Content validity in
psychological assessment: A functional approach to concepts and methods.
Psychological Assessment, 7, 238-247.

Kurz, A. (2011). Access to what should be taught and will be tested: Students’
opportunity to learn the intended curriculum. In S. N. Elliott, R. J. Kettler, P.
A. Beddow, & A. Kurz (Eds.), Handbook of accessible achievement tests for
all students (pp. 99-129). New York, NY: Springer.

Kurz, A., Elliott, S. N., Wehby, J. H., & Smithson, J. L. (2009). Alignment of
the intended, planned, and enacted curriculum in general and special
education and its relation to student achievement. The Journal of Special
Education, 44, 131-145.

Kurz, A., Talapatra, D., & Roach, A. T. (2012). Meeting the curricular
challenges of inclusive assessment: The role of alignment, opportunity to
learn, and student engagement. International Journal of Disability:
Development and Education, 59, 37-52.

Martone, A., & Sireci, S. G. (2009). Evaluating alignment between curriculum,
assessment, and instruction. Review of Educational Research, 79, 1332-1361.

Roach, A. T., Niebling, B. C., & Kurz, A. (2008). Evaluating the alignment
among curriculum, instruction, and assessments: Implications and applications
for research and practice. Psychology in the Schools, 45, 158-176.



U.S. Department of Education. (2004). NCLB: Title [—Improving the academic
achievement of the disadvantaged. Retrieved from
http://www?2.ed.gov/policy/elsec/leg/esea02/pg1.html#sec1001

Vockley, M. (2009). Alignment and the states: Three approaches to aligning the
national assessment of educational progress with state assessments, other
assessments, and standards. Washington, DC: Council of Chief State School
Officers.

Webb, N. L. (2002). Alignment study in language arts, mathematics, science,
and social studies of state standards and assessments for four states.
Washington, DC: Council of Chief State School Officers.


http://www2.ed.gov/policy/elsec/leg/esea02/pg1.html#sec1001

Hyung Won Kim Hyung Won Kim Kim, Hyung Won
Alpha Level

Alpha level

64

66

Alpha Level

In statistical hypothesis testing (or tests of significance), one assumes that the
null hypothesis is true about a reference population and attempts to reject it by
seeking evidence for the alternative hypothesis. This is done by taking a sample
and evaluating whether the sample provides evidence to support the alternative
hypothesis. To do so, it is customary to compute the p value. The rejection of the
null hypothesis depends on the comparison of the p value with a threshold
probability value (chosen by the experimenter), which is referred to as the o level
(or level of significance) of the test and is symbolized as the Greek letter o. This
entry discusses the calculation and interpretation of the o level, the history of its
use in statistics, statistical hypothesis testing using the rejection region, and
misconceptions surrounding the o level.

Comparing a p value with a chosen o level allows one to make a conclusion
about the statistical significance of results. Suppose that the p value associated
with a sample is very small. This means that the sample outcome (a statistic of
the sample) is very unlikely under the assumption that the parameter is the value
stated in the null hypothesis, and it serves as evidence favorable to the
alternative hypothesis. Suppose contrarily that the p value associated with a
sample is not small. This means that the sample outcome is not unlikely under
the same assumption and that the data fail to serve as evidence for the alternative
hypothesis.

To determine how small a p value has to be to reject the null hypothesis, one
needs a threshold value: a. That is, if the p value is less than the a, one is able to
reject the null hypothesis; but if the p value is greater than the a, one cannot



reject the null hypothesis. While customary o levels are .001, .01, .05, or .1, in
most applications .05 or .01 is specified. If, for example, a = .05, then the
confidence level that the test would lead one to the correct conclusion that the
null hypothesis is true when it is in fact true is .95 (=1 — a). It is important that a
researcher specify the o level prior to setting up the statistical test. This is
because it is ethically problematic to choose an o level after identifying the p
value, which would allow a researcher to manipulate the conclusion.

Underlying Meaning and Interpretation of a Level

An o level of .05 means that we allow a 5% risk of rejecting the null hypothesis
even if it is true, and the difference between the obtained outcome statistic and
the parameter specified in the null hypothesis is due to sampling error. The «
level of .05 defines what results are improbable enough to allow an experimenter
to take the risk of rejecting the null hypothesis when it is true. That is, if the p
value is less than .05, one would conclude that the observed effect actually
reflects the characteristics of the reference population rather than just sampling
error. Contrarily, if the p value is greater than .05, one would fail to make this
conclusion. Other a levels, such as .1 or .01, may be adopted, depending on the
field, the nature, and the circumstances of the study. Compared to the o level of
.05, the a value of .01 is more cautious, while the a value of .1 is less cautious.

The process of making conclusions entails the possibility of two types of errors:
(1) concluding that the observed effect of a statistical outcome (an observed
value) occurred due to actual changes in the reference population when the effect
is actually due to sampling error alone and (2) concluding that the observed
effect of a statistical outcome occurred due to sampling error alone when the
effect is actually due to a change in the parameter. These are referred to as Type
I and Type II errors, respectively.

Charles Henry Brase and Corrinne Pellillo Brase have stated that the o level of a
test (the probability of rejecting the null hypothesis given that it is actually true)
may be defined, in terms of risk and error, as the probability at which one is
willing to risk a Type I error. While a Type I error depends solely on the choice
of a level, a Type II error depends on a Type I error (the o level selected before
the test), the initial estimation of changes in the parameter, and the sample size.
The probability of committing a Type II error is denoted by the Greek letter f3.

Hypothesis testing methods require controlling o and 3 values to keep them as



small as possible. Depending on the nature and context of the test, controlling
one type of error may be more important and viable than controlling the other
type. Setting the o level at .05 means setting the probability of making a Type I
error (or the conditional probability of rejecting the null hypothesis given that
the null hypothesis is true) at 5%. Represented graphically in terms of area, an «
level of .05 means that the area in which the evidence leads to a rejection if the
sample statistic falls into it is 5% of the total area of the sampling distribution.

History

The idea of significance testing in statistics was initiated and outlined by a
British statistician, Ronald Fisher, in the early 20th century. In 1925, Fisher
published Statistical Methods for Research Workers, where he suggested the
probability of .05 (1-in-20 chance) as a cutoff level to reject the null hypothesis.
Later, Fisher changed this recommendation, suggesting that the cutoff level
should be chosen by the experimenter depending on the specific circumstances
of the experiment and the field. Two other early to mid-20th-century
statisticians, Jerzy Neyman and Egon Pearson, collaboratively contributed to the
development of hypothesis testing theory and laid the foundation of modern
statistical hypothesis testing. In particular, they noted the importance of setting
the a level prior to any data collection.

Statistical Hypothesis Testing Using Rejection Region

A null hypothesis can be considered as the default statement that indicates no
change in the parameter of interest. As shown earlier, one way to determine
whether a null hypothesis should be rejected (or retained) is to compare a p value
with an o level. Another way involves considering the rejection region.

The graphical representation of the « level is as part of the total area under the
probability curve of the test distribution; the part corresponding to the o level is
the rejection region. A critical value is the point where the rejection region is cut
off from the nonrejection region. In order to decide whether a null hypothesis
should be rejected, one can compare the test statistic (calculated from the
statistic of the sample) with the critical value. If the test statistic falls in the
rejection region, it leads to the conclusion that the null hypothesis should be
rejected. In a one-tailed test, the rejection region for an a level of .05 would be
allocated to one side (or one tail) of the test distribution and take up 5% of the



area under the density curve. In a two-tailed test, the rejection region for an o
level of .05 still takes up 5% of the area under the density curve but is divided
between the two ends (the tails) of the test distribution, each with 2.5% of the
area.

Misconceptions

The a level of a hypothesis test should be interpreted as the probability of
rejecting the null hypothesis when the null hypothesis is true. Common
misinterpretations of the a level include that it instead indicates the level at
which the null hypothesis is proven improbable or false, or, conversely, true; the
level of the probability of accepting the null hypothesis when it is true; or the
level of confidence in the probability of the null hypothesis being false.

Hyung Won Kim

See also Hypothesis Testing; Inferential Statistics; p Value; Significance; Type I
Error
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Alternate Assessments

Alternate assessments are measures of academic content or English proficiency
intended for students with disabilities. Alternate assessments are different in one
or more ways from general assessments intended for the majority of students in
schools, including students with disabilities. This entry describes the three types
of alternate assessments for students with disabilities that have been identified in
federal laws or regulations. It examines each type in terms of the students for
whom it was intended, its use in states, and the technical qualities it was
expected to meet. The entry concludes with evidence of the consequences that
have been attributed to one of the types of alternate assessments, the alternate
assessment based on alternate achievement standards, which by 2015 was the
only alternate assessment recognized in federal law.

In the early 1990s, alternate assessments were initially used by some states as a
way to include all students with disabilities in large-scale assessments designed
to measure the academic achievement of students on state-defined content
standards. Students with disabilities are a diverse group of students, with varying
disability characteristics. Among the most prevalent of the disabilities that
qualify students for special education under federal law are specific learning
disabilities, speech and language impairments, autism, emotional disabilities,
other health impairments, and intellectual disabilities. Among the least prevalent
of these disabilities are visual impairments, hearing impairments, and orthopedic
impairments.

Depending on the disability a student has, the student may need to be assessed
with accessibility supports or accommodations that may be different from those
needed by another student with a disability. Small numbers of students with
disabilities may need to be assessed with an assessment that is different in some



way from the general assessment that most students with disabilities take either
with or without accessibility supports and accommodations. These other
assessments may be in a different format or require the student to meet different
expectations from the general assessment.

In the 1997 reauthorization of the Individuals with Disabilities Education Act,
alternate assessments were first introduced in federal law. The requirements for
alternate assessments have been defined and refined because they were first
introduced as assessments for those students with disabilities unable to
participate in general assessments even with accommodations. Accommodations
are changes in testing materials or procedures that provide access to the
assessment without changing what the test is intended to measure.

Because the Individuals with Disabilities Education Act required the
development of state alternate assessments for students with disabilities, three
types of alternate assessments have been identified in federal regulations for the
Elementary and Secondary Education Act (ESEA), which was reauthorized in
2002 as the No Child Left Behind Act and in 2015 as the Every Student
Succeeds Act (ESSA). These are alternate assessments based on alternate
achievement standards (AA-AAS, also referred to as alternate assessments based
on alternate academic achievement standards), alternate assessments based on
grade-level achievement standards (AA-GLAS, also referred to as alternate
assessments based on grade-level academic achievement standards), and
alternate assessments based on modified achievement standards (AA-MAS, also
referred to as alternate assessments based on modified academic achievement
standards). These alternate assessments varied in terms of the performance
standards (called achievement standards) on which they were to be based for
judging student performance. All of the alternate assessments have been required
to be based on the same grade-level content that is assessed by general
assessments. The requirements for the achievement standards were defined
through regulations tied to the ESEA.

AA-AAS

Alternate achievement standards are standards for performance that are different
in complexity from the GLAS held for students taking general assessments. For
example, when a student in the general assessment is asked to provide an
extended written response to a prompt, the student participating in the AA-AAS
might be asked to enter picture cards into a graphic organizer to convey a



response.

Students Intended to Take the AA-AAS

The AA-AAS is intended for a small group of students who have significant
cognitive disabilities. This group of students does not comprise a disability
category but is generally recognized to include primarily students with
intellectual disabilities, autism, and multiple disabilities but not all students in
those categories. Students with significant cognitive disabilities have disabilities
that affect their intellectual functioning and adaptive behavior. Adaptive
behavior refers to the knowledge and skills needed for living independently and
functioning safely in daily life.

Under No Child Left Behind Act accountability rules setting targets for the
percentage of students testing proficient in English and math, no more than 1%
of tested students could be considered proficient based on their performance on
an AA-AAS. Because of this, it was sometimes referred to as the 1% assessment.
In 2015, when Congress replaced the No Child Left Behind Act with ESSA, the
AA-AAS was incorporated as an expected part of assessments used for school
accountability. Participation in the AA-AAS was limited to 1% of the total
student population at each grade to ensure that only students with the most
significant cognitive disabilities were included in the assessment. In addition, the
AA-AAS was the only alternate assessment recognized by ESSA for inclusion in
school accountability systems. Neither the AA-GLAS nor the AA-MAS could be
used for school accountability purposes under the requirements of ESSA.

Use of AA-AAS in States

All U.S. states, along with the District of Columbia, Puerto Rico, Virgin Islands,
Guam, and other jurisdictions that receive federal special education funding,
have developed AA-AAS for their students with significant cognitive
disabilities. These assessments are primarily item-based assessments, similar to
states’ general assessments, although some are body-of-evidence portfolios and
some are rating scales. All states have AA-AAS for English language arts,
mathematics, and science, as required by federal law. Some states also have AA-
AAS for other content areas, such as social studies.

Clarifiratinn nf tha Nunlitice nf AA_AAQ
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AA-AAS are to meet the same technical quality requirements as other
assessments in which students with disabilities participate. These technical
quality requirements include validity, reliability, fairness, and accessibility, and
others that address alignment to content standards, test design and item
development, scoring, and test security. Addressing these technical quality
requirements evolved over time as the understanding of students with significant
cognitive disabilities improved and expectations for their performance increased.

Alternate Assessments Based on Grade-Level
Achievement Standards (AA-GLAS)

GLAS are standards for performance that are the same as the GLAS held for
students taking general assessments. This type of assessment addressed the need
for different procedures for demonstrating grade-level performance, such as
completing a portfolio or participating in a performance assessment to
demonstrate the same level of proficiency as could be demonstrated on
traditional general assessments that included multiple-choice and extended
response items.

Few states ever developed an AA-GLAS. Instead, they relied on
accommodations to ensure that assessments were appropriate for their students
with disabilities working on GLAS. In 2015, ESSA eliminated this alternate
assessment as an optional assessment for English language arts, mathematics,
and science.

Although AA-GLAS were eliminated for content area assessments, federal
guidance released in 2014 confirmed that states needed to have alternate
assessments for some English learners with disabilities taking the state English
language proficiency assessment. The guidance required that these alternate
assessments be based on the same criteria for proficient performance as English
language proficiency assessments for English learners without disabilities.

Students Intended to Take the AA-GLAS

The AA-GLAS was intended for students with disabilities who needed a
different way to demonstrate their grade-level performance. Among the students
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l1aenturiea as neeaing a airrerent way to demonstrate tne same level o1
performance as demonstrated by other students were students with significant
motor disabilities, disabilities that hypothetically would prevent them from
responding to a paper and pencil or computer-based test.

Use of AA-GLAS in States

Only one state developed and implemented an AA-GLAS that was considered
by the U.S. Department of Education to meet the requirements for a technically
adequate assessment of GLAS. That state used a portfolio approach to hold
students to the same achievement standards as students taking the general
assessment.

Clarification of the Qualities of AA-GLAS

Defining the qualities necessary for an AA-GLAS is more difficult than defining
the technical qualities of a more traditional assessment. Further, with the push in
ESSA to include in the general assessment items that are delivered in the form of
projects, portfolios, and extended performance tasks, the distinction of an AA-
GLAS disappeared because all students were considered to have access to these
different procedures for assessing students’ knowledge and skills.

AA-MAS

In 2007, modified achievement standards were introduced through federal
regulation. They were defined as reduced, less difficult expectations for students
with disabilities on challenging assessments aligned to grade-level content. AA-
MAS were presented as an optional assessment that states could elect to develop
for a small group of students with disabilities. With this option, states could
count up to 2% of all students as proficient who met the AA-MAS proficiency
standards. Because of this, it was sometimes called the 2% assessment. The
allowance for the AA-MAS was rescinded through federal regulation in August
2015, just months before the reauthorization of ESEA eliminated it as an
optional assessment for states to develop for students with disabilities.

Students Intended to Take the AA-MAS
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UeTining tne Students Ior wnom an AA-IVIAD was appropriate was cnallenging
for states. The AA-MAS regulation indicated that students with disabilities who
participate in an AA-MAS could be from any disability category. Further, the
students were described as ones who had access to quality grade-level
instruction but who were unlikely to achieve grade-level proficiency within the
time period covered by their IEPs.

Use of AA-MAS in States

The number of states that developed and implemented AA-MAS varied over the
years when it was allowed for ESEA accountability. In 2012, 5 years after states
were first allowed to develop this optional assessment, there were 12 states using
it for some of their students with disabilities. The participation policies in these
states differed, but most of them included previous poor performance on state
assessments, or on state assessments and other measures, for defining which
students should participate in the AA-MAS.

Clarification of the Qualities of AA-MAS

AA-MAS were to meet the same quality requirements as other assessments in
which students with disabilities participate. These requirements were difficult for
states to meet because of the difficulty identifying less difficult but challenging
performance for students with disabilities. Research confirmed this difficulty.
Considerable evidence was accumulated that indicated the lowest performing
students with disabilities often were assigned to the AA-MAS in 1 year, then to
the AA-AAS in another year, and sometimes to the general assessment in
another year.

Evidence of the Consequences of AA-AAS for
Students With Significant Cognitive Disabilities

The AA-AAS, which as of 2015 was the only alternate assessment to continue to
be allowed for purposes of federal ESEA accountability, has resulted in
significant changes in understanding the characteristics of students with
significant cognitive disabilities and in providing grade-appropriate academic
instruction to these students. These changes, in turn, have affected understanding
of how to best assess grade-level academic content for these students.



With the development of new, more rigorous AA-AAS and the collection of data
on the students participating in the assessment, the characteristics of students
with significant cognitive disabilities were examined. These examinations
revealed that most students with significant cognitive disabilities communicate
with symbolic-level skills, both receptively and expressively, and also responded
to social interactions. Most students with significant cognitive disabilities also
were able to read text with basic understanding and compute numbers, either
with or without a calculator. Further, most had normal vision, hearing, and motor
function, with or without correction. Fewer than 10% of the students who
participated in the AA-AAS were viewed as communicating primarily through
cries, facial expressions, or changes in muscle tone or as having no social
interactions with others or even not being aware of them.

Unlike assessments developed in the late 1990s that focused primarily on
functional skills, by 2015 states’ AA-AAS focused on grade-level English
language arts, mathematics, and science content, with standards set to reflect
alternate achievement of the content. Students with significant cognitive
disabilities were being held to much more rigorous expectations and in general
tended to be on the path to meeting those expectations.

Martha L. Thurlow
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American Educational Research Association

The American Educational Research Association (AERA) is the nation’s largest
professional organization dedicated to education research. Founded in 1916, the
primary focus of AERA is to facilitate the creation of rigorous education
research for the improvement of educational practices, experiences, and
outcomes. Education research is examining the process of education and
learning throughout the life span while considering individual and contextual
differences. This entry further describes AERA, including its structure and
function, and then discusses its Graduate Student Council (GSC) and annual
meeting.

AERA has a total membership of approximately 25,000, including researchers,
students, and practitioners from around the world. Although the majority of the
association is made up of education researchers (approximately 74%), some
members conduct research in other disciplines, including psychology, history,
philosophy, statistics, anthropology, sociology, and political science. Although
AERA is more than a century removed from its inception, the central mission of
supporting, advancing, and disseminating education research to improve
educational processes and influence public policy has remained the fundamental
focus for over a century.

Structure and Function

The governance structure of AERA includes four main units: the council,
executive board, standing committees, and annual committees. There are 12
divisions that represent various areas of educational research:



Division A: Administration, Organization, and Leadership
Division B: Curriculum Studies

Division C: Learning and Instruction

Division D: Measurement and Research Methodology
Division E: Counseling and Human Development
Division F: History and Historiography

Division G: Social Context of Education

Division H: Research, Evaluation, and Assessment in Schools
Division I: Education in the Professions

Division J: Postsecondary Education

Division K: Teaching and Teacher Education

Division L: Educational Policy and Politics

In addition, AERA has over 160 special interest groups that represent subfields
within education research, with groups focusing on measurement and assessment
in higher education and on leadership for social justice. Generally, members
belong to one or two of the 12 divisions and a few special interest groups of their
preference.

The association publishes six peer-reviewed journals including Educational
Researcher and the Journal of Educational and Behavioral Statistics. AERA
also issues a free monthly online newsletter named AERA Highlights, which
keeps readers current with AERA-related news and initiatives related to
education. Additional to the six journals and monthly newsletter, AERA
publishes books on timely and prominent educational topics. Books published by
AERA include Standards for Educational and Psychological Testing and
Prevention of Bullying in Schools, Colleges, and Universities.

To encourage scholarship and stimulate change in specific areas, AERA
organizes targeted programs. These include the government relations program,
which engages with federal agencies encouraging funding of education research,
and the social justice program, which supports and disseminates scholarship on
issues of social justice in education. AERA also takes a stand on social issues by
releasing position statements. Some notable examples include position
statements on the 2015 Charleston, South Carolina, church shootings and racism
in the United States and on the use of value-added models to evaluate educators
and educator preparation programs. Furthermore, the annual Brown Lecture,
started in 2004 to commemorate the Brown v. Board of Education decision,
highlights the importance of research in the pursuit of equality in education and



demonstrates the organization’s effort to take firm positions on various
education-related issues.

Graduate Student Council

More than 28% of AERA’s membership consists of students including 6,500
graduate students and 600 undergraduate students. As such, several resources
devoted to student growth and development as well as numerous opportunities
for student involvement. The GSC is a student-run council that facilitates and
supports the development and transition from graduate student to professor or
practitioner. By helping students navigate many obstacles and challenges of the
academy, the GSC advocates for and serves the needs of students.

The GSC is made up of nine council members and 24 division representatives.
The council’s role is to support all students across the entire association, whereas
the division representatives’ role is to support the students within each of their
respective divisions. The council has four elected positions including chair elect,
secretary/historian, newsletter editor, and web secretary and two appointed
positions including program chair and community leader. Each of the 12
divisions have two representatives, a junior and senior representative.

The GSC has five major responsibilities that consist of planning the annual
meeting for students, advocating for student needs, disseminating information,
community building, and self-governance. The GSC is governed entirely by
students, who host 23 sessions at each annual meeting created for students. In
addition, the GSC holds an annual community service project with an
organization in the local community where the conference is held.

Annual Meeting

The annual AERA conference is a 5-day meeting held in either the United States
or Canada. Approximately 14,000 researchers travel to the conference each year,
attending hundreds of sessions dedicated to presenting the latest education
research across various education disciplines. Invited presidential sessions on a
current and major issue in education are typically given by prominent scholars or
public figures. Respective divisions host several sessions in various formats that
include paper symposiums, roundtable discussions, fireside chats, and poster
sessions.



Prior to the annual meeting, various divisions host a preconference for graduate
students and early career scholars, focusing on topics such as the job search,
grant writing, and tenure review. For individuals interested in measurement and
statistics, the annual meeting is held in accordance with National Council on
Measurement in Education conference, and AERA members frequently attend
both the conferences. The large variety and volume of topics and sessions
offered at the annual conference provide several options for all AERA attendees.

Gabriel J. Merrin

See also American Evaluation Association; American Psychological
Association; Brown v. Board of Education; Educational Researchers, Training
of; National Council on Measurement in Education; Value-Added Models
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American Evaluation Association

The American Evaluation Association (AEA) is a nonprofit international
professional association for evaluators. AEA’s publications, conferences, and
topical interest groups (TIGs) deal with program evaluation, personnel
evaluation, and other forms of evaluation designed to assess the strengths and
weaknesses of programs, policies, personnel, and organizations. As of January
2016, AEA comprised approximately 7,000 members from all 50 U.S. states and
over 60 other countries. Members include evaluators, researchers, educators,
students, and stakeholders. This entry provides an overview of AEA’s creation
and mission; organization; establishment of professional guidelines for
evaluators; and professional development opportunities, collaboration with other
organizations, and awards for members.

Creation and Mission

AEA was formed in 1986 as a result of the merger between the Evaluation
Research Society and Evaluation Network. Its mission is “to improve evaluation
practices and methods, increase evaluation use, promote evaluation as a
profession, and support the contribution of evaluation to the generation of theory
and knowledge about effective human action” (AEA, n.d.).

AEA values high-quality, ethical, culturally responsive evaluations that are
intended to improve the evaluated entities’ effectiveness. It seeks to develop an
international, diverse, and inclusive evaluation community in order to provide
continual development opportunities for evaluation professionals to deepen their
understanding of evaluation practices and methodologies. To these ends, AEA’s
goals are to ensure that evaluators have the skills necessary to be effective,
culturally competent, contextually sensitive, and ethical; to provide a sense of



professional affiliation between evaluators; to increase evaluation’s visibility and
perceived value as a field; to create informed policy so that communities and
organizations can participate in and learn from evaluation; and to ensure that
members value their membership.

Organization

AEA is led by a 13-member board of directors responsible for programmatic
decisions for the association. Included on the board are four principal officers,
namely, a president, a president-elect, a past president/secretary, and a treasurer,
who are nominated from and elected by the membership. Additionally, over 50
TIGs provide networking opportunities and conference programming
surrounding their particular interests.

As of January 2016, the five TIGs with the most members were nonprofit and
foundations evaluation; independent consulting; organizational learning and
evaluation capacity building; collaborative, participatory, and empowerment
evaluation; and qualitative methods. A complete list of TIGs can be found on the
AEA website. In addition to TIG membership, members can also provide input
by volunteering in a variety of working groups that coordinate various aspects of
the association’s activities. AEA also has numerous affiliated local and
professional associations recognized as having similar missions. AEA’s bylaws
outline the organization’s legal obligations as a nonprofit entity. The most recent
edition of the bylaws as of January 2016 was the one that took effect in January
2011.

Professional Guidelines for Evaluators

The Evaluation Research Society had adopted a set of standards for program
evaluation in 1982, but no standards or guidelines were officially adopted by
AEA when it was formed. In 1992, a task force was created to draft a set of
guiding principles for evaluators. This task force consisted of William Shadish,
Dianna Newman, Mary Ann Scheirer, and Christopher Wye. An initial draft was
sent to all AEA members in 1993, and a final draft was approved in 1994,
resulting in the Guiding Principles for Evaluators, a general set of principles to
inform evaluators’ practice in the field. The principles were reviewed and
revised in a process throughout 2002 and 2003, and revisions were accepted by
AEA membership in 2004.



As of January 2016, the 2004 version of the principles was the most recent. The
AEA endorses five guiding principles: systematic inquiry, competence,
integrity/honesty, respect for people, and responsibilities for general and public
welfare. These principles are written as broad guidelines intended to guide
evaluators’ professional practice and apply to all types of evaluation, and they
are not intended to serve as professional standards. Each of the overarching
principles listed here has three to seven subprinciples. A complete listing of the
principles can be found on the AEA website.

Activities

Since its inception in 1986, AEA has sponsored an annual conference called
evaluation, which features presentations within various topical strands. It also
offers a 3-day summer evaluation institute that provides professional
development and training sessions. AEA publishes two journals: the American
Journal of Evaluation and New Directions for Evaluation. Membership in AEA
also includes access to Evaluation Review and Evaluation and the Health
Professions.

AEA also maintains a blog with daily evaluation tips, a series of webinars that
provide information on evaluation tools, virtual professional development
courses, member discussion groups, and a newsletter. AEA contributes a
representative to the Joint Committee on Standards for Educational Evaluation,
which issues the Educational Evaluation Standards, the Program Evaluation
Standards, and the Personnel Evaluation Standards. As of January 2016, AEA
offers eight awards to recognize individuals in the categories of promising new
evaluators, service, evaluation advocacy and use, evaluation practice, evaluation
theory, outstanding evaluation, enhancing the public good, and research on
evaluation. AEA also offers several fellowships for graduate students and faculty
members and has a program in which it collaborates with evaluation
organizations in other countries.

Jennifer A. Brussow

See also Evaluation Capacity Building; Evaluation; Formative Evaluation;
Personnel Evaluation; Program Evaluation; Summative Evaluation
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American Psychological Association

The American Psychological Association (APA) is an organization dedicated to
advancing the field of psychology and using psychology to contribute to a wide
range of issues facing society. APA was founded in 1892 when psychology was
just developing as a discipline, primarily as an outgrowth of philosophy. This
entry discusses the activities and structure of APA and how it has contributed to
the field of education, in particular, through its education directorate and
collaborations with other organizations.

APA has grown from 31 members at its founding to over 117,500 members in
2016. APA members include psychology researchers, educators, clinicians,
consultants, and students who span 54 different divisions of psychology. APA is
divided into four directorates that each focus on a topic critical to APA’s
strategic plan: practice, public interest, science, and education.

The directorates engage in specific efforts toward research, advocacy, policy,
and outreach that meet the various goals of each directorate. The practice
directorate aims to increase awareness of and access to mental and behavioral
health services in addition to developing and maintaining guidelines for
practitioners and recipients of psychological services. The public interest
directorate is focused on combating inequality and promoting social justice and
human welfare. The science directorate seeks to support the discipline of
psychology in a variety of ways, including providing training and funding for
those studying or working in the field of psychology. Finally, the education
directorate works both to improve psychology education and to apply valuable
psychological research findings to educational practices.



Education at APA

The mission of the education directorate is to advance “the science and practice
of psychology for the benefit of the public through educational institutions,
programs, and initiatives” (APA, n.d.). It seeks to achieve this goal by
supporting both education within psychology and the application of psychology
to education. Regarding education within psychology, the directorate serves as
the national accreditation organization for training in psychology through the
APA Commission on Accreditation and promotes and monitors continuing
education for psychologists. In addition, the directorate supports the teaching of
psychology in high school through the Teachers of Psychology in Secondary
Schools. Furthermore, the Center for Workforce Studies produces reports on the
status of the psychology profession, including reports that provide data on the
presence of psychologists in higher education.

Regarding the application of psychology to education, the directorate sponsors
and conducts a range of activities, including the creation of resources and
modules for teachers on topics such as student learning and diversity, the nature
and enhancement of creativity, and student behavior and classroom
management. One such resource is the Top 20 principles from psychology for
PreK—12 teaching and learning, a report that describes 20 principles about
teaching and learning drawn from the psychological research literature. The
principles are organized into five categories including student thinking and
learning; motivation; the relationship of social context, interpersonal
relationships, and emotional well-being to learning; classroom management; and
assessment. The Top 20 principles report has been translated into several
languages and is used in both K—12 schools as a professional development
resource and within college courses as a reading on advances in educational

psychology.

Many of the education directorate’s application-focused activities are products
from the Center for Psychology in Schools and Education and special working
groups such as the Coalition for Psychology in Schools and Education and the
Coalition for High Performance. A mix of APA and external funding supports
these groups.

Cutting across both areas of effort—psychology education and the application of
psychology to education—the education directorate advocates for policy and
funding for psychological science and education and maintains a robust outreach



ettort, including a strong social media presence.

However, not all education-related activities at APA occur within the education
directorate, as other directorates and several APA divisions focus on education
as well. In particular, Division 15 (Educational Psychology) has a strong K—12
focus, and to a lesser extent, Division 10 (Society for the Psychology of
Aesthetics, Creativity, and the Arts) is involved in K—12 education. These and
other divisions publish journals featuring education research, hold mini-
conferences for researchers and practitioners, and provide resources for
educators. Other organization-wide activities also have an impact on education,
such as the development of an ethics program and corresponding educational
programs and resources to help practitioners understand the ethical code of
conduct.

Additionally, APA collaborates with other education-focused organizations, with
a good example being the Standards for Educational and Psychological Testing,
a project of the American Educational Research Association, APA, and National
Council on Measurement in Education. The standards, which have been
published jointly by these professional organizations since 1966, have become
the professional standards for educational assessment and are used in several
countries.

Jonathan A. Plucker and Lorraine Blatt

See also American Educational Research Association; Standards for
Educational and Psychological Testing
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Americans with Disabilities Act

The Americans with Disabilities Act of 1990 (ADA) is a civil rights law that
prohibits discrimination against individuals with disabilities, including students
in K-12 and higher education. The law is an extension of Section 504 of the
Rehabilitation Act of 1973 (Section 504), which prohibits discrimination against
those with disabilities in programs receiving federal funding. This entry first
explains the ADA, then describes its impact on K—12 education, institutions of
higher education, and standardized examination and high-stakes testing agencies.

To be eligible for protection under the ADA, an individual must have a physical
or mental impairment that substantially limits a major life activity. In the years
following the law’s passage, several federal courts, including the U.S. Supreme
Court, narrowly construed this definition of disability, resulting in limited
coverage to individuals with disabilities. Congress responded by passing the
Americans with Disabilities Act Amendments Act of 2008 (ADAAA), which
expanded the definition of disability to ensure broad coverage.

The ADAAA made clear that to be considered a substantial limitation, an
impairment need not prevent or significantly restrict the ability to perform a
major life activity. It also expanded the definition of major life activities,
prohibited the consideration of ameliorative effects of mitigating measures when
determining disability status (except for ordinary eyeglasses and contact lenses),
and expanded the definition of auxiliary aids and services necessary to assist
individuals with disabilities. The ADAAA states that individuals must be
provided with reasonable accommodations or modifications to ensure



participation in programs. However, an accommodation that results in a
fundamental alteration of the program or undue burden is not considered
reasonable.

Impact on K-12 Education

The ADA mandates protection against discrimination for students with
disabilities in Grades K—12. While many K-12 students with disabilities are
eligible for special education services under the Individuals with Disabilities
Education Act (IDEA), the educational progress of other students with
disabilities might not be impacted to a level that services are required under
IDEA. However, these students are still eligible for protection from
discrimination under the ADA and may be eligible for individually appropriate
accommodations and auxiliary aids. Additionally, ADA regulations may provide
services beyond what is required under IDEA. For example, the ADA standard
concerning communication may require auxiliary aids for a deaf student beyond
what is required under IDEA. It should be noted that a student who is eligible for
services under the IDEA is also eligible for protection under the ADA and
Section 504; however, as noted, not all students covered under the ADA and
Section 504 are eligible for services under the IDEA.

The ADAAA legislation made clear that determination of coverage does not
demand extensive analysis. A school should first evaluate whether the student
requires special education services and then determine whether the student is
entitled to reasonable modifications of policies, practices, or procedures even if
special education services are not necessary. For example, a student with
attention-deficit/hyperactivity disorder may require modification to length of
homework assignments.

Students with disabilities may not be unnecessarily segregated from other
students. Programs or services that segregate students must provide opportunities
for integration with students without disabilities to the maximum extent
appropriate. The ADA is not limited to educational activities but rather applies
to all services, programs, and activities provided by the school district.
Additionally, the ADA applies to private as well as public schools.

Institutions of Higher Education



Institutions of higher education are obligated to provide reasonable
accommodations and auxiliary aids to ensure equal access to postsecondary
education programs for students with disabilities. Unlike at the K—12 level,
postsecondary students must self-report disability, provide documentation of
disability, and request accommodations through the appropriate campus
disability contact person. Accommodations are then determined by assessing the
impact of the documented disability on the ability to participate in the
educational program.

The ADAAA stipulates that reading, writing, thinking, speaking, concentrating,
and communicating are major life activities and that previous academic
achievement does not necessarily mean that a student does not experience
substantial limitation of a major life activity. Instead, the condition, manner, or
duration it takes an individual to perform an activity as compared to most people
in the general population should be considered. For example, a person with a
learning disability will often be substantially limited in learning, reading, and
thinking as compared to most people.

Examples of reasonable accommodations include extra time on exams, screen
readers, note takers, audio lecture recordings, and reduced course load. Because
equal access to information is necessary to participate in postsecondary
education, textbooks, readings, and website information must be available in
formats that are compatible with common adaptive technology as higher
education incorporates more online instruction and provision of course
information. Accommodations that fundamentally alter essential academic
requirements, impose an undue burden, or impose a direct threat to the health or
safety of the student or others are not reasonable.

Standardized Examination and High-Stakes Testing
Agencies

The ADA applies to agencies that provide standardized exams and high-stakes
tests for applications, licensing, certification, or credentialing for secondary,
postsecondary, professional, or trade purposes. These entities must provide
accommodations and auxiliary aids to individuals with disabilities to best ensure
results accurately reflect aptitude or achievement levels rather than an
individual’s impairment. Documentation required to obtain testing
accommodations must be reasonable and limited to the need for requested
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Proof of past testing accommodations in similar test settings is generally
sufficient to support current accommodations. A candidate should generally
receive the same testing accommodations previously received under the IDEA or
Section 504 in Grades K—12 or received in postsecondary education without
requiring further documentation. An absence of prior formal testing
accommodations does not preclude a candidate from receiving accommodations.
Submission of documentation from qualified professionals based on evaluation
and careful consideration should be sufficient documentation. Agencies must
respond in a timely manner to requests for accommodations, and applicants
should have a reasonable opportunity to provide additional documentation when
needed. Annotating or “flagging” accommodated test scores is prohibited.

Joseph Madaus, Walter Keenan, and Salome Heyward
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Amos

Amos is a computer program for performing structural equation modeling
(SEM) and mean and covariance structure analysis. Its full name is IBM SPSS
Amos, with Amos standing for “analysis of moment structures.” It was
developed by the Amos Development Corporation, which is now owned by the
IBM SPSS Corporation. Because of its easy-to-use functions, it has become a
popular SEM program. Many educational researchers use it to validate measures
and test hypotheses. This entry describes the basic features and functions of
Amos and illustrates its application in education research.

Features and Functions of Amos

Amos includes a graphical interface (Amos Graphics) and a nongraphical
programmatic interface (Program Editor). While one can work directly on a path
diagram in Amos Graphics, one can work directly on equation statements using
syntax in Program Editor. Amos Graphics offers users a palette of tools and
drop-down menus for analysis, while Program Editor provides a platform for
analysis using VB.NET or C# scripts. The Amos package also includes a file
manager, a seed manager for recording seed values in simulations of random
sampling (e.g., bootstrapping), a data file viewer, and a text output viewer.

Amos is capable of performing confirmatory factor analysis (CFA), path
analysis, multigroup analysis, multitrait—-multimethod model, and multilevel
analysis (e.g., latent growth curve model). In education research, Amos has



commonly been used to (a) validate the factorial structure of an educational
assessment instrument (single-group CFA), (b) test the measurement
equivalence of a scale across different groups (multigroup CFA), (c) test a
theoretical model (path analysis), and (d) examine the developmental trajectory
of learning attributes (latent growth curve model).

Amos provides estimation with full information maximum likelihood to handle
missing data, which is common in education research. Rather than imputing
missing values, full information maximum likelihood estimates a likelihood
function for each individual case based on the information from all the observed
proportion of data. Full information maximum likelihood is theoretically robust
and outperforms ad hoc methods such as listwise deletion, pairwise deletion, or
mean imputation for addressing incomplete data. Besides conducting SEM with
data that are measured on a continuous scale with multivariate normal
distribution, Amos also provides Bayesian estimation to fit for ordered
categorical data and allows users to conduct bootstrapping to tackle
nonnormality.

With its graphic interface, Amos allows users who have little statistical
knowledge of SEM to perform analysis efficiently. However, as researchers
should take responsibility to conduct appropriate data analyses, it is highly
recommended that they acquire an understanding of the corresponding concepts
and practices of SEM. Amos can be purchased from the IBM SPSS website with
its user’s guide free to download.

Illustration of Amos Applications

To demonstrate the application of Amos, this section provides an example of the
use of Amos Graphics to perform CFA. The goal of this analysis is to validate
the factorial validity of a scale measuring family functioning, which is often
linked to student well-being. In this scale, it is hypothesized that three
components of family functioning—family mutuality, family conflict, and
family communication—are assessed by 3 items, respectively. These three
components are theoretically correlated with each other. A sample of 1,000
seventh graders was used. Usually, the procedure of SEM analysis includes five
steps: (1) model specification, (2) data specification, (3) calculation of estimates,
(4) model evaluation, and (5) model modification (if necessary).

Madal Cnacrificratinn and Nata Qnacrificratinan
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The first step of CFA was to construct a hypothesized model and then read a
data set. A CFA model was drawn by using Indicator icon to create three latent
factors (indicators) with three observed variables each and Covariate icon to
create three covariance paths between the latent factors. To meet the demand of
identification of model that each indicator must have a scale, Amos creates an
indicator model with one factor loading automatically set to be 1. Next, a data
file was imported by clicking on Data icon. Amos reads data in several database
formats, including Microsoft Excel spreadsheets and SPSS databases, and text.
Finally, the observed variables, factors, and measurement errors were labeled

(Figure 1).

Figure 1 An illustration of the confirmatory factor analysis (CFA) path diagram
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Calculation of Estimates

The maximum likelihood estimation approach was chosen in this case. Amos
also offers users other approaches including unweighted least squares,
generalized least squares, Browne’s asymptotically distribution-free criterion,
scale-free least squares, and Bayesian estimation. By clicking on the Calculate
Estimates icon, the results were generated. The estimation results can be viewed
in Amos Output while the estimates of parameters can be viewed on the screen
by clicking on the View Output Path Diagram icon (Figure 2). The Amos Output
shows three sets of information: model summary, model variables and
parameters, and model evaluation.

Figure 2 Standardized parameter estimates of the confirmatory factor analysis
(CFA) model
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Model Evaluation

Usually, a model will be evaluated based on the adequacy of the parameter
estimates and the model as a whole. First, parameter estimates were evaluated
based on three criteria:

1. Feasibility of the parameter estimates: any incorrect sign or value?

2. Appropriateness of the standard errors: any error that is very small (i.e.,
close to zero) or very large?

3. Statistical significance of the parameter estimates: any statistically
insignificant parameter estimate in regression weights, intercepts,
covariances, and variances which may be regarded as unimportant?

There was no specific problem with the parameters of this example.

Next, goodness of fit between the hypothesized model and the sample data was
evaluated by referring to the model fit indices. In Amos, model fit is reported for

the hypothesized model, as well as two additional models: saturated model and
indanendence mndel The catiirated mndel ic the mnet general mndel withnnt anv
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constraints placed on the population moments. In contrast, the independent
model is the most restricted model with all the observed variables assumed to be
uncorrelated with each other. An ordinary hypothesized model should lie in
between these two models with better model fit. Amos provides eight groups of
fit measures, as follows.

1. Minimum discrepancy between hypothesized model and sample data: for
example, CMIN/DF (chi-square (df)), p (p value for chi-square test)

2. Measures based on the population discrepancy: for example, root mean
square of error of approximation (RMSEA).

3. Incremental indices—comparative indices with comparison to a baseline
model: for example, normed fit index, Tucker—Lewis index (TLI; i.e.,
nonnormed fit index), and comparative fit index (CFI).

4. Measures of parsimony—evaluating the simplicity of the model: for
example, parsimony ratio.

5. Parsimony-adjusted measures: for example, parsimony-adjusted normed fit
index

6. Information theoretic measures used for model comparison: for example,
Akaike information criterion and Bayesian information criterion.

7. Goodness-of-fit index and related measures: for example, goodness-of-fit
index and adjusted goodness-of-fit index.

8. Miscellaneous measures: for example, root mean square residual.

Conventionally reported fit measures include CMIN/DF (x*(df)), CFI, TLI, and
RMSEA. According to the rule of thumb, CMIN/DF > 2.00 represents a poor fit.
For CFI and TLI, values > .90 represent an acceptable fit and > .95 a good fit.
For RMSEA, values < .08 represent an acceptable fit and < .05 a good fit.
Nonetheless, due to high sensitivity to large sample size, CMIN/DF is often used
in model comparison rather than single-model evaluation. For the current
example, results of the different indices are as follows: x%(24) = 9.860 (not
good), CFI = .957 (good), TLI = .919 (acceptable), and RMSEA = .094 (not
good). Further action can be taken to improve the model fit.

Model Modification

Amos provides modification indices (MIs) to detect model misspecification. MI

represents the expected decrease in overall CMIN (x?) value if one certain
parameter is to be freely estimated in a subsequent run. Users can decide



whether they want to modify the model when an MI value is large. However,
any modification should be theoretically justifiable. MI cannot be computed with
missing data, which is an obvious limitation of Amos. Rerunning the program
using a sample with expectation—maximization imputation for the missing data
revealed that the largest MI value rested in the correlation between errors of
Items 8 and 9, MI = 118.190. This result suggested that Item 8 and Item 9
measured an additional construct that was not represented by the latent factor—
family communication. When the two errors were allowed to be correlated, the

model fit increased: x*(23) = 4.123 (not good), CFI = .986 (good), TLI = .978
(good), and RMSEA = .056 (acceptable). Although correlating errors usually
leads to improved fit, it is possibly at the cost of biased estimates of model.

Other Applications

In addition to CFA, Amos is capable of testing more complex models. When the
covariances among latent factors are hypothesized to be explained by another
factor, one can test a higher order CFA model. Daniel Tan-lei Shek and Lu Yu
demonstrated how to test a second-order CFA model by assuming three latent
factors (i.e., perception of program, perception of implementers, and perceived
effectiveness of program) to be explained by a single higher order factor of
subjective evaluation of program. They added a latent factor by using Oval icon,
linked the first-order factor and second-order factor by adding a single-headed
arrow from second-order factor to first-order factor (using Path icon), and
finally, added a factor disturbance to each first-order factor by using Error icon,
as the first-order factors become endogenous factors while the second-order
factor becomes an exogenous factor.

In addition, Amos is often used to test factorial invariance of a measure. As
illustrated by Yu and Shek, in 2014, full invariance includes configural
invariance (i.e., invariance of factorial structure), structure invariance (i.e.,
invariance of factor covariance and factor variance), and measurement
invariance (i.e., invariance of factor loadings, intercepts, and errors). To test the
factorial invariance, users can use an important function of Amos—comparing
nested models (i.e., a pair of models in which one can be obtained by
constraining the parameters of the other). Users first need to create nested
models using the function of “manage models,” post constraints on the
parameters in the constrained model via simple syntax, and finally compare the
constrained model with the unconstrained model.



With the two models being estimated simultaneously, Amos provides
comparison of model fit in terms of CMIN (x?), normed fit index, IFI, RFI, TLI,

and x? difference test, in which researchers often reply on y? difference test for
judgment. In their case, when the factor loadings of the subscale of perceived
effectiveness of program were constrained to be equal across program

implementers of three grades of secondary school, Ay? increased relative to that
of the unconstrained model, but the increase is not statistically significant. This
finding suggested that the subscale was metric invariant across the samples. If

the constraints lead to a significant increase in ¥, it would suggest that the
constraints make the model fit worse, and thus, the invariance cannot be
established.

Amos can also perform path analysis with or without latent factors. For example,
in 2014, in Yu and Shek’s illustration of path analysis, they tested a mediation
model (i.e., family functioning predicts Internet addiction directly and via the
effect of positive youth development) and compared it with several alternative
models. For instance, in one alternative model, family functioning has an
indirect effect on Internet addiction via positive youth development without a
direct effect. Amos provides information on direct effects, indirect effects, and
total effects in the output. The general procedure of path analysis is similar to
that of CFA mentioned earlier, yet there are several issues worth noting. First, it
is convenient to test alternative models with different relationship among
variables in Amos, whereas the alternative models should be conceptually
meaningful. Second, if latent factors are used, the measurement model of the
latent factor should be tested (i.e., CFA) before performing path analysis. Third,
Amos provides bootstrapping to confirm the mediation effect in the path
analysis.

Daniel Tan-lei Shek and Li Lin

See also Bayesian Statistics; Bootstrapping; Confirmatory Factor Analysis;
Measurement Invariance; Path Analysis; SPSS; Structural Equation Modeling
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Analysis of Covariance

Analysis of covariance (ANCOVA) is a statistical procedure that forms part of
the general linear model. Indeed, it can be thought of as a combination of two
other methods within this family of statistical models: analysis of variance
(ANOVA) and linear regression. It represents the inclusion of a continuous
predictor variable (covariate) within a standard ANOVA model, such that values
on the outcome variable within the model are adjusted for values on the
covariate. There are two main objectives of ANCOVA. First, it can be used in
experimental designs to remove the effect of one or more confounding variables.
Second, it serves to increase the sensitivity of a statistical test of the
experimental factor in the statistical model. This entry discusses the form of the
ANCOVA model, the functions of ANCOVA, assumptions of the analysis, using
ANCOVA outside experimental contexts, and other considerations in the use of
ANCOVA and alternative measures.

Form of the ANCOVA Model

The model for ANCOVA, in the case where there is just a single covariate, is:

Vi =u+T;+BZ;;+8,-;:

where y;; is the outcome score for participant i in group j; p is the overall mean
score on the outcome variable in the study; T; is the effect of the experimental
factor in group j; z; is the covariate score for participant i in group j; B is the
regression coefficient for z (estimated from the sample data); and ¢;; is the
residual for participant i in group j. Note that removing fz;; would leave the basic
ANOVA model. Normally, the term , where is the overall mean covariate score



within the study, is used rather than z;; so that the constant term in the model is

set at the overall mean for the outcome variable, giving this model:

It follows that when ANCOVA is performed, each participant’s score is adjusted
in relation to the covariate—it is the “hypothetical” score the individual would
have if all participants had the mean value of the covariate, . Accordingly, the
mean for each group in the experiment is also an adjusted mean. The adjusted
mean for group j is:

¥, =¥, -B(z;,-%),

where and are the adjusted and unadjusted means, respectively, for group j; is
the mean of the covariate for group j; and is the overall covariate mean.

Functions of ANCOVA

Statistical Control

As noted earlier, ANCOVA can be used to remove the confounding effect of an
extraneous variable in an experimental study. For example, a study might be set
up to examine the effect of two methods of learning on test performance, in
which students are randomized to the two methods of learning; the first method
is mainly student-centered learning (SCL), whereas the second consists more of
teacher-directed learning (TDL). If, however, age is also associated with test
performance, and if there is additionally an imbalance in age across the two
randomized groups, age is a potential confounding variable. Age would thereby
provide an alternative explanation of any between-group difference in test
performance that is observed, so that this difference could not be confidently
attributed to the different methods of learning. One cannot be sure that the
groups would still have differed in terms of test performance if they had not also
differed in terms of age. If, however, age is included as a covariate in the
statistical model, the students’ test scores would be adjusted for age, removing
the confounding effect of this variable.

The precise effect of this adjustment will depend upon the magnitude and
direction of the correlation between age and test scores and of the imbalance in



age across the experimental groups. Suppose first that age is positively
correlated with test score—older students tend to have higher scores, and also
that the students in the SCL group are on average older than those in the TDL
group. At the end of the study, if we took no account of age, the mean difference
in test scores might favor the SCL group (i.e., this group had higher scores on
average than the TDL group). However, because the students in this group were
older than those in the TDL group, the apparent superior performance of the
SCL group could be attributable in part to their age. The effect of the learning
method has been confounded by the students’ ages—their test scores have been
biased upward. If we introduce age as a covariate, the mean age of the two
experimental groups is statistically equalized. As the effect of age has been
removed, the resulting mean difference will be adjusted downward, and this
smaller difference will have a larger associated p value (and if the unadjusted
mean difference had previously been statistically significant, it might no longer
be so after this adjustment). Another way of looking at this is to think of students
in the SCL group as having an unfair advantage because of their higher average
age and thereby obtaining inflated test scores by comparison with the TDL
group. The use of the covariate removes this bias.

Conversely, if the students in the SCL group were younger than those in the
TDL group, the mean between-group difference in test scores would again be
confounded if no account were taken of age. In this instance, however, the
superiority of the SCL approach would be biased downward if not adjusted for
age. The positive effect of the SCL method on test performance would be
counteracted by a negative effect of the students’ younger mean age in this
group—their test scores would have been biased downward. In other words,
instead of starting with an unfair advantage, they would start with an unfair
disadvantage. Introducing age as a covariate would remove this bias. The mean
between-group difference in test scores would be larger following adjustment
and would have a smaller p value (and in the process may become statistically
significant where it had not been prior to introduction of the covariate).

The process whereby covariates are selected for the purpose of statistical control
should be specified in advance of the analysis. Otherwise, the analyst might be
tempted to use as covariates, by trial and error, those variables that give the
conclusion that the analyst wants. In addition, it should be remembered that steps
can be taken at the design stage (e.g., matching or stratified randomization) to
control for known potential confounding variables.



Statistical Power

The other primary objective of ANCOVA is to increase the precision of
between-group estimates, thereby producing narrower confidence intervals
around these estimates and increasing the sensitivity, or power, of a statistical
test on the estimates. The p value in an ANCOVA model is derived from the F
ratio and its associated degrees of freedom. The F ratio has, as its numerator, the
variance in the outcome that is explained by the factor of interest in the
experiment (in the current example, the methods of learning). The denominator
for the F ratio is the unexplained variance in the outcome variable; this is the
variance that is not attributable to the factor—the experimental error variance.
The larger the ratio of explained to unexplained variance, the higher the value of
F, and the lower the associated p value.

By introducing a covariate that is correlated with the outcome variable, some of
the previously unexplained variance is now explained by the covariate and is
thereby removed from the experimental error variance (the greater the
correlation of the covariate with the outcome variable, the more variance is
explained). As a result, the denominator of the F ratio is now smaller, the F ratio
increases, and a smaller p value is produced. This will be achieved even if the
groups do not differ on the covariate. So, in this example, even if students in the
SCL groups had precisely the same mean age as those in the TDL group,
providing age is correlated with test performance, the sensitivity of the statistical
test on the two methods of learning would increase following the introduction of
age as a covariate.

A situation in which it is particularly helpful to use ANCOVA in this way is
where there are pretest scores on the outcome variable. Pretest scores tend to
have a fairly high correlation with posttest scores, and the proportion of variance
in the outcome variable that is explained by the covariate is correspondingly
large. For example, a correlation of 0.5 or greater between pretest and posttest
scores is quite common, and in such a situation, owing to the increased power
derived from using the pretest scores as a covariate, the required sample size can
be expected to be about 25% lower than that required for an unadjusted analysis
on the posttest scores.

The cost of adjusting for a covariate is a loss of one degree of freedom, but
except in very small studies, and unless the covariate accounts for negligible
variance, this is amply recompensed by the increased sensitivity of the statistical

L _a



test.

Assumptions of the Analysis

The basic assumptions of ANCOVA are a combination of those for ANOVA and
those for linear regression:

1. The level of measurement of both the outcome variable and the covariate is
interval or ratio.

2. The predictive relationship between the covariate and the outcome variable
is linear.

3. The covariate is a fixed variable and measured without error. Covariates are
rarely fixed, but a covariate that is a random variable can normally be used
provided that Assumption 7 in this list is satisfied.

4. The residuals are independent (i.e., the value of one residual does not

influence, and is not influenced by, the value of any other residual).

The residuals have homogeneity of variance (homoscedasticity).

6. The residuals are (approximately) normally distributed—this assumption,
which only applies to the residuals, not to the covariate, is required for
hypothesis tests and confidence intervals. With larger sample sizes, this
assumption becomes less stringent.

7. The residuals are uncorrelated with the covariate.

1

There are two additional assumptions that are specific to ANCOVA. The first is
that the regression slope, 3, should be equal in the two groups (the homogeneity
of regression slopes, or parallelism, assumption). In the present example, if the
relationship between age and test performance (f3) differs between the study
groups, the degree of adjustment of test scores should also differ between the
groups, requiring a differing value of § for each group. However, the adjustment
carried out within the ANCOVA model is in terms of the overall regression
slope for the whole sample, which would clearly be inappropriate if the group-
specific slopes are different.

The assumption of homogeneous regression slopes can be tested by constructing
a scatterplot of the covariate and the outcome variable and fitting separate
regression lines for the groups; the extent to which these lines are parallel can be
judged visually. In addition, the assumption can be tested statistically. This
involves a test of the interaction between the covariate and the grouping
variable, which will tell us whether the relationship between the covariate and
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the outcome variable diifers significantly across groups. Accoraingly, a
statistical model is constructed with the outcome variable, the grouping variable,
the covariate, and a term representing the interaction between the grouping
variable and the covariate.

A nonsignificant interaction supports the assumption of parallel regression
slopes—although it should be remembered that all statistical tests of model
assumptions are sensitive to sample size, the results of the test should be
interpreted alongside visual assessment of the scatterplot. If the assumption of
parallel regression slopes is considered to be untenable, one possibility is to
categorize the covariate and include it as a set of dummy variables. In the
process, some information in the covariate will be lost, and it will perform less
effectively as a control variable or as a means of increasing statistical power, but
the requirement for homogeneous regression slopes will have been avoided.

The second assumption—which is more a design assumption than a strict
statistical assumption—is that the covariate should not be affected by the
experimental factor. This normally has to do with the time at which a modifiable
covariate is measured. Let us adapt the previous example, such that the covariate
concerned is not age but anxiety. If we were to measure the students’ anxiety
after introducing the two methods of learning, it could be that these methods
might differentially affect the students’ anxiety (one method of learning might
create greater self-confidence in a test situation and thus lower levels of anxiety
in the group concerned). The implication of this is that the anxiety scores will
contain within them part of the effect of the different methods of learning, so
that when we adjust for anxiety we will at the same time adjust for the
intervention effect. It is therefore important that any modifiable covariates are
measured before the introduction of the experimental factor.

It should also be noted that issues of collinearity may arise if there are a number
of covariates. With regard to its effect on p values, however, collinearity is often
a less serious problem than in multiple linear regression, as the statistical
significance of the covariates is not normally of interest when their function is
simply that of statistical control.

Using ANCOVA QOutside Experimental Contexts

The examples given earlier were from a randomized experiment. In a quasi-
experimental design, the intervention groups are not formed by randomization



but are preexisting, and often naturally occurring, groups. For example, a study
might be based on testing two methods of instruction on male versus female
students or on psychology versus sociology students. In this situation, the
assumptions of ANCOVA need especially close attention (e.g., the homogeneity
of regression slopes assumption may be more readily violated, and measurement
error in the covariate may have more serious implications, than in a randomized
experiment). Additionally, the results of the analysis should be interpreted
carefully. For example, it might be argued that by adjusting the study groups in
relation to a covariate, the “statistical” groups that are compared in the
hypothesis test differ inappropriately from the “natural” groups on which the
study was intended to be based. Additionally, the groups might be adjusted to an
overall mean covariate score that would be unrepresentative of the individual
groups if their mean scores on the covariate are at a considerable distance from
the overall mean. It is helpful in such situations to present the results of an
unadjusted analysis alongside those from the ANCOVA, as a sensitivity
analysis.

Another issue that arises when employing ANCOVA with predetermined groups
is closely linked to the earlier point about adjusting for an intervention effect in
an experimental design. In an experiment, differences in covariate values
between groups occur by chance in the process of randomization. In other
instances, however, a chosen covariate may be intrinsically related to the factor
that defines the groups to be compared. For example, a researcher intending to
compare the academic performance of two group of students from different
years—third grade and fourth grade, for example—might wish to adjust the
comparison for age and sex. The adjustment for sex is probably appropriate,
ensuring that differing proportions of boys and girls in the two groups do not
confound the comparison of performance scores. However, age is likely to be
correlated with many of the characteristics that distinguish third-grade students
from fourth-grade students (e.g., age-related changes in problem solving, verbal
reasoning, or abstract thinking), and an adjustment for age is likely to remove
much of the difference between the two groups that the researcher wishes to test.

Other Considerations

ANCOVA employs a numerical (continuous or interval level) covariate. It is
important to remember, however, that much the same effect, in terms of
adjustment and/or statistical power, can be accomplished by introducing nominal



or ordinal variables into the statistical model in a similar way. These might be
thought of as also being covariates, although the term ANCOVA would only be
used to describe the model when at least one such variable is numerical.

Another method that is sometimes used to control for pretest differences in an
experimental study is the use of change (or gain) scores—that is, each
participant’s pretest score is subtracted from the participant’s posttest score.
However, this method is generally considered to be inferior to ANCOVA as a
means of controlling for between-group differences in pretest scores because,
unlike ANCOVA, it does not take into account the phenomenon of regression to
the mean and may lead to biased estimates. Furthermore, the use of change
scores will often lead to a less powerful statistical test than if ANCOVA were
used.

ANCOVA provides an effective means of statistical adjustment for potential
confounding factors—but it can only do so in respect of confounders that have
been identified and measured by the investigator. Accordingly, ANCOVA is an
adjunct to, not a substitute for, design features that control for confounding, in
particular, randomization. Random allocation serves to balance all potential
confounders across experimental groups, irrespective of whether they have been
identified as confounders, irrespective of whether they have been measured, and
irrespective of whether they are even measurable.

Julius Sim

See also Analysis of Variance; Gain Scores, Analysis of; Multicollinearity;
Multiple Linear Regression; Simple Linear Regression

Further Readings

Egbewale, B. E., Lewis, M., Sim, J. (2014). Bias, precision and statistical power
of analysis of covariance in the analysis of randomized trials with baseline
imbalance: A simulation study. BMC Medical Research Methodology 14, 49.

Huitema, B. E. (2011). The analysis of covariance and alternatives (2nd ed.).
Hoboken, NJ: Wiley.

Keppel, G., & Wickens, T. D. (2004). Design and analysis: A researcher’s



handbook (4th ed.). Upper Saddle River, NJ: Prentice Hall.

Maxwell, S. E., & Delaney, H. D. (2004). Designing experiments and analyzing
data: A model comparison perspective (2nd ed.). Mahwah, NJ: Erlbaum.

Miller, G. A., & Chapman J. P. (2001). Misunderstanding analysis of
covariance. Journal of Abnormal Psychology, 110, 40—48.

Milliken, G. A. (2002). Analysis of messy data: Vol 3. Analysis of covariance.
Boca Raton, FL: Chapman ... Hall.

Rutherford, A. (2011). ANOVA and ANCOVA: A GLM approach (2nd ed.).
Hoboken, NJ: Wiley.



Edward L. Boone Edward L. Boone Boone, Edward L.
Analysis of Variance

Analysis of variance

86

89

Analysis of Variance

Often researchers are confronted with determining whether the means of two or
more groups differ. The analysis of variance (ANOVA) technique is a
parametric hypothesis test to answer this question. ANOVA seeks to partition
the overall data into components that correspond to variance explained by the
groupings and variance that is unexplained by the groupings. Often the groups
are defined by which treatment has been given to each of the experimental units
in the group. In cases where the experimental units are randomly assigned to the
treatment groups, ANOVA can be used to show causation. This entry discusses
the basic principles of ANOVA and its organization, extensions, its use in
contrasts and post hoc tests, and its assumptions.

Basic Principles

The simplest case of ANOVA is the one-way ANOV A where the groups are
varied across only one factor and each group has the same sample size. Suppose
there are k groups and within each group there are n samples taken from each
group for a total sample size of nk. For notation, let y;; be the measurement of

outcome of interest from the jth sample in the ith group. We let p; denote the
population mean of group i. In this notation, the ANOVA null hypothesis is:

Hy:p,=pn,=L=p,.

This hypothesis corresponds to the state where all of the means p; are equal to
each other and hence do not differ. The alternative hypothesis in this case is:



H , : at least two u, differ.

If the ANOVA test rejects Hy in favor of H, this means there is enough
evidence to conclude that the group means are truly different.

To accomplish this, ANOVA partitions the overall variance. The overall
variance is simply the sample standard deviation squared of all of the data
regardless of treatment group. In our notation, we would have:

ZZ (¥; = ¥..)

S =1 4=
o b
nk—1
where is the overall mean. In our notation, is the sample mean for the ith group.

Here, the denominator is not useful in partitioning the groups and will be
discarded to create the sum of squares total, denoted by SS1( and is given by:

880 = ZZ y;; y..

=1 j=1

By simply adding and subtracting the group sample mean in the SS; and doing
some algebra (some algebra details have been omitted), one can obtain:
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Notice by doing this, the SS, can be expressed as the sum of a term associated

with error and a term associated with the treatment group. This is the essence of
ANOVA, partitioning the SS7, into meaningful components. Furthermore, each

of the components is itself a sum of items that are squared; hence, the names
sum of squares error, SSg, and sum of squares treatment, SS are often given to

the components. Note that in this one-way ANOVA scenario, SSy is often called
the sum of squares between and the SSg, is often called the sum of squares within
and are denoted by SSg and SSy, respectively.

Similarly, for the one-way ANOVA case with equal sample sizes, the total
degrees of freedom, dfyo = nk — 1, associated with the SS7, can also be

partitioned into degrees of freedom error, dfy = n(k — 1), and degrees of freedom
for treatment, df; = k — 1. As with the sum of squares, the degrees of freedom
also add together nicely dfo = dfg + dft.



Although all of this algebra may seem not to address the original answer, using
the components above a signal-to-noise ratio can be created by:

SS/
F" - df 1%
SS/ ‘

f

Notice that F* is a fraction (ratio) with the observed “variance” associated with
the treatment in the numerator and “variance” associated with the error in the
denominator. Here, the * in the superscript is to denote that this value is an
observed value that is calculated from the data. As with all signal-to-noise ratios,
if F*<1, then there is more noise than signal, and hence, there isn’t much

evidence for H,. If F"~1, then there is about the same amount of signal as noise

and again not much evidence for H,. However, if F* is much greater than 1, then

there is a lot of signal and little noise giving evidence toward H,. Often F" is
called the F-statistic to differentiate it from the F distribution.

The question then becomes how big does F* need to be for there to be enough
evidence toward H, that one could consider it statistically significant?

Fortunately, F* has a probability distribution associated with it, namely the F
distribution. Recall, the F distribution is defined by both its numerator and
denominator degrees of freedom, denoted by df,,,, and df4.,, respectively. In this

case, df,q 1S simply dfr and df4., is dfg. For a hypothesis test of H, versus H,
with a Type I error rate a if the calculated F” statistic is greater than the
100x%(1—a) quantile of the F distribution with the associated degrees of freedom,

then the F* is deemed to be “big enough” to be considered statistically
significant. Hence, if one rejects H, then there are differences among the

treatment groups. However, this test does give where the differences are, only if
differences exist. To determine where the differences are a multiple comparison
procedure would need to be performed after the ANOVA test.

Organization

Because there is a considerable amount of computation needed to calculate an



ANOVA test, the intermediary calculations are typically organized into what is
called an ANOVA table. Table 1 shows the structure of the one-way ANOVA
table.

Source df SS MS F p Value
Treatment k-1 SS; MS.. =SS, /(k-1) F* = MS,/IMS, p(F, 1, >F*)
Error n-k SSe MS, = 8S,/(n-k)

Total n-1 SS+0

While in the one-way ANOVA case, the table seems simplistic and may not be
clear why we would use this format; in the multiway ANOVA case, organization
is paramount for both calculations and the ability to find the test one is looking
for.

Extensions

One of the key advantages to the ANOVA approach is that it can be extended to
more than a single treatment factor. The technique can be developed for two or
more treatment factors where the individual treatments can be tested as well as
the interactions between the treatments. For this work, only the two-way table
will be presented with its corresponding formulae. Note that it is assumed that all
treatments are considered fixed effects meaning that the levels of the treatments
were not obtained at random but instead specified by the researcher before the
experiment.

In the two-way ANOVA case, there are two treatments, Treatment A and
Treatment B, where Treatment A has a treatment levels and Treatment B has b
treatment levels. Here, each the treatment combinations are applied to
experimental units. Furthermore, we will assume that each treatment
combination is applied to the same number, n, of experimental units. This is a
balanced case where the formulae are much easier to write. Let y;;, denote the

value of the kth observation in the ith factor level of Treatment A and the jth
factor level of Treatment B. In this notation, the following means will be needed
to partition the variation. The overall mean: ; the mean of treatment combination
consisting of the ith factor level of Treatment A and the jth factor level of
Treatment B: . There will be axb of these; the mean of the ith factor level of
Treatment A: . There will be a of these; the mean of the jth factor level of
Treatment B: . There will be b of these.



As in the one-way ANOV A setting, the total variation, SSt, can be partitioned

into variation associated with the treatments Treatment A, Treatment B, the
interaction between treatments, and error, namely SS,, SSg, SSap, and SSg,

respectively.

a b n
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=385, +58; +58 ,; +5§;.

For simplicity, the algebraic steps have been omitted. From the equations just
presented, one can see that the computations for the two-way ANOVA setting
are considerably more tedious than the one-way ANOVA setting as many items
need to be kept track of.

Table 2 gives the ANOVA table for the two-way ANOVA setting. Notice that
three tests are included in the table as given by the three p values on the right
side of the table. In the two-way setting, the interaction term is considered first



as it gives an indication of whether the two treatments act in conjunction with
each other. If the treatments do interact, then the main effects tests do not
accurately isolate the effect of the treatments.

Source df S8 MS F p Value
Treatment A a-1 SS, MS, =SS,/(a-1) F,;*= MS,/MS, 2,0 IRV J 1|
Treatment B b-1 S8y MSy = §8,/(b-1) Fy*= MSy/MS; P(Fo_t a1y >Fi")
Interaction AB  (a-1)(b-1)  S$S,; MS,; = Fyg*= MS,y/MS;  P(F o iyi-tymia-1yo-1) > Fas?)
S8, /la-1)(b-1)]
Error n(a—1)(b-1) SS; MS, =
S8 /[n(a=1)(b-1)]
Total n—1 S8+6

Furthermore, ANOVA can be extended to any linear model setting, including
linear regression, randomized complete block designs, fractional factorial
designs, analysis of covariance, and repeated measures ANOVA. This flexible
approach to partitioning the variance to determine which treatment factors may
be significant is extremely useful and is readily available in statistical software
packages such as SPSS, SAS, STATA, R, Minitab, and JMP. Most statistical
software packages will provide the appropriate ANOVA table upon request.

Contrasts and Post Hoc Tests

Although ANOVA is extremely powerful for testing whether differences exist
among the means, it does not identify where the differences in the group means
are to be found. To determine which group means are different, one could
employ either a contrast test or one of many post hoc tests. Contrast tests are
specified before any experimentation begins and are used to test specific
combinations of group means. Although contrast tests are far more powerful
than post hoc tests, many researchers find them difficult to correctly specify the
desired contrast test.

Post hoc tests ubiquitously used in research, despite the lack of power compared
to contrast tests. There are many post hoc tests on the group means such as
Fisher’s least significant difference, Bonferroni correction, Tukey’s honestly
significant difference, Dunnett’s test, and many others. These post hoc tests
attempt to test a large number of differences between group means and are often

called multiple comparison procedures. The fact that they are conducting
multinla tacte while attemntino tn cantrnl the Twvne T errar rate ic where thace
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procedures lose statistical power compared to a predefined contrast test.

Assumptions

As with all statistical analyses, some assumptions are necessary and ANOVA is
no different. Because ANOVA is a linear model, it has the same assumptions as
regression analysis: normality, independence, and constant variance of residuals.
Normality can easily be assessed using Q-Q plots and tested via tests such as
Kolmogorov—Smirnov, Shapiro—Wilks, and Anderson—Darling. The normality
assumption can be relaxed when the study is an experiment where random
assignment to treatment group has been utilized. In this case, randomization
theory can be used and normality is no longer a needed assumption.

Constant variance can be evaluated using side-by-side box plots of the residuals
where each box plot corresponds to the residuals for a particular treatment
combination and is tested via Levene’s test, Bartlett’s test, or Hartley’s test.
Independence is more difficult to assess and test as one would need to know the
structure of the dependence such as temporal dependence or spatial dependence.
Typically, the researcher should design the experiment in such a way that
independence would be guaranteed by the experimental procedure versus testing
for independence during the analysis. In cases where the assumptions are
severely violated, the nonparametric alternative Kruskal-Wallis test may be
employed which also results in a loss of statistical power.

Edward L. Boone

See also Analysis of Covariance; Bonferroni Procedure; Levene’s Homogeneity
of Variance Test; Multiple Linear Regression; Simple Linear Regression
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Analytic Scoring

Analytic scoring is a method of evaluating student work that requires assigning a
separate score for each dimension of a task. Often used with performance
assessment tasks, analytic scoring rubrics specify the key dimensions of a task
and define student performance relative to a set of criteria across performance
levels for each dimension. For example, analytic rubrics used to evaluate student
essay writing often include the following dimensions: development of ideas,
organization, language use, vocabulary, grammar, spelling, and mechanics.

Analytic rubrics used to evaluate students’ social studies reports might include
the same dimensions but also dimensions specific to social studies: use of
original source material, accuracy of information, quality of source material, and
correct citations. The remainder of this entry describes the uses of analytic
scoring in education and then looks at the benefits and challenges of this method.

Analytic scoring is used widely in education to evaluate students’ performance
in various subject areas (such as reading, writing, speaking, mathematics, the
sciences, social studies, world languages, physical education, industrial
technology, and the arts). It is also used to evaluate students studying for
professional careers in various fields (such as engineering, nursing, business, and
teaching). Analytic rubrics have been developed and used at all grade levels,
including early childhood, elementary, secondary, undergraduate, graduate, and
postgraduate.

Analytic scoring is most often used when there is a need to assess how well
students perform on individual dimensions of whole product or performance.
Teachers, students, and/or evaluators use analytic rubrics to review the product
or performance and assign ratings for each dimension, resulting in a set of
subhscores that can he comhined to generate an overall score. Fach dimension can
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be weighted equally or the weights on dimensions can vary, depending on the
importance of each dimension to the successful accomplishment of the task. It is
important to note that the relative importance of each dimension and the
definition of successful performance on each dimension may vary with the
specific topic or task. Thus, analytic scoring rubrics need to be customized for
each performance task.

In recent years, analytic scoring has also been used to develop automated essay
scoring systems. Researchers use human analytic ratings on student writing to
develop automated models of the key dimensions of writing and then to test the
validity of the automated models.

Benefits

Because analytic scoring identifies the key dimensions of a performance task
and defines performance along a developmental continuum for each dimension,
it is an approach to evaluating student work that provides an effective
mechanism for identifying students’ strengths and weaknesses, more so than do
alternate methods of scoring, such as holistic scoring. Holistic scoring involves
examining multiple dimensions of students’ performance and then assigning a
single overall score to capture the level of that performance.

Holistic scoring is a very efficient way of identifying students at the upper end of
the scale (who excel on most or all dimensions) and those at the lower end of the
scale (who struggle on most or all dimensions). However, for the majority of
students who perform variably across dimensions, a single score is not very
informative. Instead, the multiple dimension scores on analytic scoring rubrics
provide students and teachers with specific information about students’
performance that can be used to individualize students’ learning plans and to
monitor students’ progress across time.

Research on the use of analytic scoring rubrics has found that they provide valid
judgments of complex competencies and that the analytic domains capture
meaningful variation in student performance. In addition, with proper rubric
construction and training, experts can be trained to reach a high level of
interrater agreement when using analytic scoring rubrics, and the multiple scores
that result from using an analytic rubric positively contribute toward test
reliability (more so than does a single holistic rating). There is some evidence
that rating on multinle traits increases task generalizabhilitv. so that fewer
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performance tasks are needed on an assessment.

Moreover, the use of analytic scoring rubrics has been found to promote learning
by (a) making expectations and criteria clear, (b) providing a common language
for teachers and students to discuss the subject, (c) facilitating teacher feedback
to students, and (d) supporting students’ self-assessment. Students report that the
feedbacks from analytic scoring rubrics are helpful.

Challenges

Some of the measurement challenges that surround the use of analytic scoring
include concerns about whether unique information is provided by analytic
scores. The dimensions defined by the rubric are often highly correlated and,
thus, do not represent independent information about students’ knowledge and/or
skills. For example, in the evaluation of students’ writing, the overall length of
an essay correlates highly with many of the key dimensions of writing (such as
the development of ideas, which requires a certain length of writing, and
organization of ideas, which cannot be fully employed unless the essay has at
least three paragraphs).

A related concern is the halo effect—when raters assign multiple analytic scores
to a student performance or product, do they allow the rating of one dimension
to influence their rating of the other dimensions? There is evidence to suggest
that the analytic rating of student writing may be prone to the halo effect, so that
the number of actual independent dimensions may be fewer than the number of
dimensions on the rubric. To explore how well analytic scoring rubrics measure
competencies across a number of dimensions, researchers recommend the use of
factor analysis, which can provide rubric developers with valuable information
so that each dimension on the rubric corresponds to one unique competency,
enhancing the efficiency and effectiveness of the rubric.

Claudia A. Gentile

See also Holistic Scoring; InterRater Reliability; Performance-Based
Assessment; Reliability; Rubrics
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Andragogy

The term andragogy refers to a set of principles and assumptions about adult
learners, the learning environment, and the learning process. Educational
research, measurement, and evaluation require a firm understanding of the
underlying instructional theories guiding best practices. This entry provides an
overview of andragogy including its core assumptions of the learner and learning
environment, key outcomes and criticism, and methods of assessment.

Originating from the Greek root andra (meaning adult) and agogus (meaning to
lead), the concept of andragogy can be traced back to Alexander Kapp, a
German educator, in the early 1800s; however, it was not until the late 1960s
that andragogy was popularized by the work of American educator Malcolm
Knowles. Although typically associated with adult learning, andragogy describes
adulthood as a psychological, rather than a chronological, milestone in which the
learner develops a self-concept striving toward independence.

Knowles defined andragogy as the “art and science of helping adults learn”
(1980, p. 43). Central to andragogy are six core assumptions that adult learners:

1. need to know the why, what, and how of the educational experience;

2. strive toward a self-concept of independence, autonomy, and self-
actualization;

3. have invaluable resources from their previous experiences that can enrich
their current educational endeavors;

4. develop readiness to learn based upon the relevance of the current scenario
to their current developmental tasks;



5. have an orientation to learning that is grounded in real-world scenarios of
personal importance; and
6. are internally motivated by goal attainment and problem resolution.

Furthermore, andragogy outlines four assumptions about the learning
environment. These assumptions are as follows:

1. The teacher is a facilitator of a coconstructed experience of learning
focused on self-directedness, autonomy, and self-actualization;

2. Instructional methods such as experiential exercises, problem-and case-
based learning, role-playing, simulations, Socratic questioning, and field

experiences help students identify gaps between what they know, what they

don’t know, and strategies for how to fill in these gaps;
3. Real-world scenarios are the organizing structure for the learning process;
and

4. Scenarios should be scaffolded according to the desired learning outcomes

and current developmental level. Andragogical methods focus on the

development of cognitive complexity and self-directed learning skills rather

than the simple remembering of facts.

The evaluation of student learning outcomes when using instructional methods
grounded in andragogy can be evaluated objectively through methods such as

multiple choice exams but are best assessed using multiple strategies including
portfolios, case presentations, role-playing, and clinical scenario exams.

Andragogical methods are especially effective in increasing learners’ situational

interest, cognitive complexity, clinical reasoning, lifelong learning skills,

satisfaction, long-term retention, performance on free-recall tasks, performance
on short answer and essay tests, ratings by supervisors on clinical observations,

and performance on clinical or case-based portions of exams. Andragogical
methods may be less effective when the short-term recognition of facts and
concepts is needed for multiple-choice and true—false portions of exams.

Eric T. Beeson

See also Instructional Theory; Learning Theories; Long-Term Memory;
Portfolio Assessment; Self-Directed Learning; Short-Term Memory
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Angoff Method

This entry describes the Angoff method for setting standards on educational tests
and how it can be used to set valid standards on educational tests. Standard
setting refers to the process used to establish cut scores on educational tests that
are used to classify test takers into categories such as “pass,” “fail,” “proficient,”
“advanced,” and other categories generally referred to as achievement levels.
Many educational tests, such as licensure tests professionals are required to pass
to become licensed and high school graduation tests that students must pass to
receive a high school diploma, require these standards.

Most people in modern society have taken tests based on which the standards are
set. However, it is not widely known as to how those standards were set. The
most popular method is the Angoff method and its variations.

In 1971, William Angoff wrote a seminal chapter called “Scales, Norms, and
Equivalent Scores” in a book on educational measurement. In the chapter, he
described how test developers transform students’ responses to test items into
standardized scores and how they maintain equivalence of these score scales
over time.

In describing how to incorporate meaning into the score scale by setting
“pass/fail” standards on the scale, Angoff described a method suggested by his
colleague Ledyard Tucker. This process involved having subject matter experts
(SMEs) think about the “minimally competent” test taker; that is, the test taker
who “just barely” has the sufficient knowledge and skills required to pass the



exam (sometimes referred to as the “borderline” candidate). The task for the
SMEs was to review each test item and judge whether the minimally competent
test taker would answer the item correctly. The passing score suggested by each
SME is calculated by simply summing the number of items the SME predicted
would be correctly answered by the minimally competent candidate and then
averaging that score across the SMEs.

Angoff added a footnote to his description of Tucker’s “yes/no” method and
suggested instead of judging whether the minimally competent test taker would
or would not correctly answer the item, the SMEs could estimate the probability
the minimally competent test taker would correctly answer the item. Those
probability ratings could then be summed, and averaged over SMEs, to derive
the passing standard. The process he suggested in that footnote became known
as the Angoff method and quickly became the most popular method for setting
standards on educational tests.

Like all test-centered standard-setting methods (i.e., methods where SMEs
review and rate test items), the Angoff method involves several steps. These
steps include (a) discussing the knowledge and skills of the minimally competent
test taker, (b) reviewing the test items, (c) providing a probability rating for each
item, (d) discussing all or a subset of those ratings, and (e) revising the original
ratings as the SMEs regard necessary. The final cut score is based on the revised
ratings in Step (e).

As a simple illustration of the Angoff method, imagine a test with 100 items. If
an SME reviewed each item and estimated the minimally competent test taker
would have a 0.50 probability of answering each item correctly, the SME-
suggested passing score would be 50 (i.e., 0.50 x 100 items). Of course, no SME
would assign the same probability value to all items because items vary in their
difficulty. Thus, our example is oversimplified to illustrate how the cut score is
calculated for a single SME. The final cut score would be averaged over all
SMEs.

The process described thus far refers to items that are scored dichotomously,
which means 1 point for a correct answer and 0 for an incorrect answer.
However, many educational tests use items that are scored on longer scales (e.g.,
an essay worth 6 points). Also, many educational tests, such as the National
Assessment of Educational Progress in the United States, have more than two

pass/fail standards. For these and other reasons, there have been many
“mndifiratinn<” nf the Anonff methnd



Modifications of the Angoff Method

Modified versions of the Angoff method have been introduced and widely used
to (a) set standards on tests with polytomously scored items, (b) set standards on
tests involving more than two standards (e.g., classifying students into categories
such as “basic, “proficient,” and “advanced”), and (c) increase the agreement
among SMEs. The term modified indicates the original method has been altered
for a specific application. In an extensive chapter on standard setting, Ronald
Hambleton and Mary Pitoniak hypothesized there may be more than 100
variations of the Angoff method. The “traditional” Angoff method comprises
five steps:

train the SMEs on the process,

facilitate a discussion of the minimally qualified (borderline) test taker,
collect the first round of ratings of SMEs,

SME:s discuss first round ratings, and

SME:s revise their ratings based on the discussions.

e e

In the case of polytomously scored items, rather than making a probability rating
for each item, SMEs estimate the mean score they expect the borderline test
taker to achieve on each item. For tests that involve more than two standards,
modifications include having the SMEs make separate judgments for each item
for each standard. To increase agreement among the SMEs, additional rounds of
discussion are used.

A related modification is to give the SMEs statistics describing the difficulty
levels of the items after they make their initial ratings. These statistics are
thought to provide a “reality check” for the SMEs. For example, if an SME
thought borderline candidates had a high probability of answering an item, but
the item statistics suggested very few examinees answered the item correctly, the
SME may take a deeper look at the item to understand why and possibly revise
the rating.

Providing item statistics to SMEs is somewhat controversial. The Angoff
method is intended to produce a content-based (criterion-referenced) standard,
which is why SMEs who are familiar with the content being tested and the
students being assessed are selected as judges. By relying on empirical



information from test takers, the standard may become norm referenced. Studies
have found that SMEs have a difficult time setting appropriate standards without
empirical data, but critics counter item statistics can overly influence SMEs,
leading to standards that are driven by item difficulty, rather than by SME
judgment regarding what constitutes appropriate achievement.

Research has shown SMEs tend to make more inaccurate predictions of
borderline test takers’ performance on relatively easy or difficult items, when
they are not provided empirical data in the form of item statistics. Some
researchers point to this as an inherent problem in the Angoff method that
reduces its utility as a standard-setting procedure.

Another modification of the Angoff method, and one that is not contentious, is
facilitating several rounds of discussion among the SMEs. Such discussion
allows SME:s to consider different viewpoints about what makes an item difficult
and how the knowledge and skills of borderline test takers are exhibited in
performance on an exam. Many studies have shown these discussions reduce
variance (increase consensus) among SMEs. In fact, agreement among the SMEs
is one of the criteria based on which standard-setting studies are evaluated.
However, the type of feedback provided, and when it is provided, can impact
how SMEs modify their ratings across rounds.

Evaluating and Validating Angoff Standard-Setting
Studies

The validity of a standard-setting study is typically evaluated using procedural,
internal, and external validity evidence. Procedural evidence refers to the quality
of the standard-setting study, starting with recruiting qualified panelists and
training them well, and proper execution of the study. Internal evidence focuses
on the consistency of results, ideally estimating the variability in the standards
set, if the study were replicated.

External evidence refers to the degree to which the classifications of examinees
are consistent with other performance data. Examples of external validity
evidence include classification consistency across different standard-setting
methods, tests of mean differences across examinees classified in different
achievement levels on other construct-relevant variables, and the degree to
which external ratings of test takers’ performance are consistent with their test-
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There are several actions standard setters can do to build validity into a standard-
setting study, as opposed to evaluating the validity of the standard after it is set.
One important consideration is the number and quality of the SMEs. Research
suggests at least 10 SMEs be used but more is better to reduce the standard error
of the (mean) cut score. Equally as important, if not more important, than the
number of SMEs are their qualifications and representativeness. SMEs should be
fully proficient in the knowledge and skill areas measured on the test, and they
should represent the relevant population (e.g., students, teachers, licensed
professionals) with respect to subdiscipline areas of expertise and demographic
factors.

Another important consideration is the quality of the training. SMEs should be
required to take at least some test items, without the answer keys, to get an
appreciation of the difficulty of the exam. They should also practice rating items
and discuss the items to make sure they are on task and they understand the
notion of the minimally competent test taker.

After gathering initial Angoff ratings, validity can be built into the process by
having SMEs discuss and review their ratings. These discussions often
illuminate item features SMEs may have missed when initially rating the items
and will correct any coding errors or other errors they may have made. Finally,
surveys of SMEs during and at the conclusion of the study can help evaluate
how well they understood their tasks and the factors they used in making their
judgments.

The Influence of the Angoff Method

The Angoff method is not the only method for setting standards on educational
tests, but it is often the method to which others are compared. The legacy of the
Angoff method is that it illustrated how standards can be set on educational tests
by aligning the standard to experts’ judgments of what is considered to be
“above standard” performance. Rather than awarding passing scores and other
achievement levels based on how well test takers perform relative to one
another, the Angoff method sets an “absolute” standard that all test takers can
achieve.

By successfully implementing the Angoff method, standard setters can have



confidence the standards they set will be valid. However, successful
implementation of the method requires competent and representative SMEs who
are carefully trained, who understand their tasks and the “minimally competent”
test takers, and who can provide reliable and valid ratings. Surveys of SMEs, and
comparing test takers’ achievement-level classifications to their performance on
other measures of their knowledge and skills, can help evaluate the quality of the
results from an Angoff standard-setting study.

Stephen G. Sireci and Alejandra Garcia

See also Body of Work Method; Bookmark Method; Cut Scores; Ebel Method;
Modified Angoff Method; National Assessment of Educational Progress;

Standard Setting
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Anxiety

The two distinguishing hallmarks of anxiety disorders are an emotional state of
fear and worry that result in diminished functioning. Fearfulness may be based
on an actual experience or fostered by cognitive distortions that result in the
misperception of a threat. Consequently, a physiological response occurs that
ranges from disconcerting to debilitating and may result in aggressive or
avoidant behaviors to escape the distress. The worry associated with anxiety
creates a persistent state of angst or apprehension that is sustained over time.
Without treatment, anxiety can negatively impact personal well-being, academic
achievement, employment, and lifelong accomplishments. This entry discusses
types of anxiety disorders as well as measurement options.

Anxiety Diagnosis

The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
delineates 11 disorders in the anxiety domain. All of the disorders share common
features of fear and worry; however, they differ by the circumstance that triggers
the anxiety, the type of response when anxious, and the thought distortions that
maintain the anxiety.

Anxiety Onset in Early Childhood

Although there is variability in age of onset, two of these disorders are most
likely to first occur during early childhood: separation anxiety disorder and
selective mutism. The distinguishing feature for separation anxiety disorder is



anxiety related to separation from individuals one has formed a deep emotional
bond with (e.g., a parent). Symptoms may include fear about losing the primary
caregiver or fear that grievous harm will occur to the caregiver. The resulting
behaviors may include refusing to leave a caregiver, extreme distress when
leaving home, and psychosomatic complaints. These behaviors can result in
school absenteeism as well as a high incidence of school nurse visits for
perceived physical complaints, thus missed instruction time and lower
achievement.

Selective mutism has a pattern of only speaking in select social circumstances
that are familiar and comfortable (e.g., at home) and only with certain
individuals (e.g., parents, siblings). Children with selective mutism often avoid
speaking at school, to teachers, and even to classmates. This behavior can result
in limiting social skills development and also prohibit accurate classroom
monitoring and assessment of skills.

Anxiety Onset in School-Age Children

Specific phobia and social phobia are anxiety disorders that most often occur
among school-age children (i.e., those aged 7—15). Specific phobia involves a
manifest significant fear of particular objects or circumstances, such as dogs,
spiders, frogs, or high places (e.g., balconies). The level of fear accompanying
exposure to the specific phobia may result in avoidant behaviors or hinder the
individual from participating in activities. For example, a child afraid of heights
may refuse to access a stairwell or elevator, thus mobility is compromised. For
an adolescent with a fear of animals’ participation in required science labs may
be problematic.

A social phobia is characterized by fearfulness of social settings wherein
individuals may be observed by others and there is a perception that they will be
negatively evaluated by others. This apprehension results in significant
discomfort and sometimes avoidance of the social interaction. Individuals with
social phobia may avoid meeting new people or even quit talking in groups,
which can narrow their social networks. The effects of social phobia can be
particularly devastating when purposeful evaluation is expected (e.g., a student
class presentation assignment).

Anxiety Onset in Early Adulthood



Panic disorder, agoraphobia, and generalized anxiety disorder diagnoses are
most likely to be made during early adulthood (i.e., aged 20—-35). Panic disorder
involves unexplained and very sudden (i.e., within minutes), overwhelming fear
arousal. A number of possible intense physiological reactions are present (e.g.,
racing heart rate, profuse sweating) and may give the individual an unwarranted
sense of high alert or impending doom. Repeated panic episodes can result in
individuals significantly restricting their own social opportunities and
educational or career aspirations out of fear of inducing a panic attack.

Agoraphobia is characterized by significant fear of being trapped or unable to
escape specific situations (e.g., confined space, bus). Individuals with
agoraphobia may avoid public places and transportation, resulting in self-
seclusion. Generalized anxiety disorder is characterized by broader multiple
fears sometimes including aspects of daily life (e.g., work). Generalized anxiety
disorder can result in disturbed sleep, tense muscles, and irritability and may
lower overall quality of life.

Other Anxiety Disorders

The last four diagnoses do not have a dominant age of onset.
Substance/medication-induced anxiety disorder occurs as a result of substance
use or withdrawal. The particular anxiety symptoms and intensity will vary
based on the type of substance (e.g., alcohol, cocaine) that has induced the
effects. Anxiety disorder due to another medical condition is diagnosed when
anxiety symptoms are present; however, they are better understood as a result of
a medical condition (e.g., seizure disorder). Other specified anxiety disorder and
unspecified anxiety disorder diagnoses are warranted when anxiety symptoms
are present but not pervasive enough to meet the full criteria of another anxiety
disorder. Additionally, several other mental health disorders outside of the
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition anxiety
disorders domain (e.g., obsessive-compulsive disorders) have anxiety-related
symptomology.

Measurement for Anxiety

Measurement of anxiety symptoms is often accomplished through norm-
referenced anxiety rating scales completed by teachers, parents, or self-report.
These measures offer an objective comparison of frequency and intensity of



specific symptoms. Interview methods also are helpful in identifying temporal
sequence of symptom onset, specific triggers for anxiety, and thought patterns
that may perpetuate worry. Observations afford the opportunity to understand
anxiousness within a context and measure demonstrated behaviors.

Clinicians also may measure small changes in anxious feelings during
counseling sessions through a self-reported Subjective Units of Distress Scale, a
number scale created in collaboration with the patient that denotes level of
stress. Additionally, the Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition offers online symptom measures through the publisher’s website.
Together, these measures can inform treatment options and progression of
symptoms.

Diana Joyce-Beaulieu

See also Asperger’s Syndrome; Autism Spectrum Disorder; Diagnostic and
Statistical Manual of Mental Disorders
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APA Format

The publication manual of the American Psychological Association (APA) sets
the standard for writing in psychology and has also become the standard for
writing in many other behavioral and social sciences disciplines such as
education, nursing, and business. The sixth edition of the manual was published
in 2009.

The guidelines set forth in the APA manual address how to communicate
complex scientific writing, including writing style and the mechanics for
formatting a paper. Writing in APA format involves two different tasks. The first
of these is style, or the quality of the prose, and the second is the mechanics that
includes requirements such as margin size, section headings, and how to give
proper credit to others. This entry discusses APA guidelines for style and
mechanics and lists other types of resources that can be used to understand APA
format and other aspects of academic writing.

APA Writing Style: Writing Well

This entry gives only brief information about writing style, as there are many
resources about how to improve writing style. Further, Chapters 3 and 4 of the
APA manual detail how to write clearly (e.g., avoiding bias in language and
writing in the active voice) as well as the expectations of grammar in scientific
writing (e.g., using punctuation in text). Every manuscript is, of course, unique.
However, in academic writing, certain conventions and elements are generally
expected; these include that the manuscript has a thesis, that it be unified and
coherent, and that it follow rules of grammar.



Thesis

A thesis, which is sometimes called a research question (though it is not written
as a question but rather a statement) in an empirical paper, is the driving force
behind any paper. A thesis, in general, is a clear statement of the paper’s
purpose. The thesis may be written in a way where it is implicit or explicit, but
making a thesis explicit can help the author in writing the manuscript by creating
a guide to what should be included.

Unity and Coherence

Once a paper has a clear thesis, the next step in writing is to make sure that the
paper hangs together. Like any other paper, a manuscript written in APA format
must have unity and coherence, which allows readers to remain focused on the
relevant topic. Unity is when a paper logically flows from topic to topic
throughout the manuscript, and each paragraph only contains a core idea.
Specifically, the paper is united across all topics and each is linked to the thesis.

Coherence is when the ideas within a paragraph are presented in a rational order,
and each is necessary in supporting the single idea presented in that paragraph.
Thus, a paragraph should start with a topic sentence (that links to the thesis),
include evidence supporting the topic, and then end with a concluding sentence
that leads into the next paragraph. Papers include unity and coherence flow from
the thesis to the conclusion, and this improves writing style and readability.

Grammar

Chapters 3 and 4 of the APA manual, as well as many other writing guides such
as William Strunk Jr. and E. B. White’s The Elements of Style, detail the
requirements and expectations of proper grammar and writing with the style
expected for scientific papers. Some of the concepts in Chapter 3 include
organization, clarity, removing bias from language, and smoothness of
expression. Chapter 3 ends with grammar and usage recommendations for
scientific writing, such as avoiding the passive voice.

Chapter 4 of the APA manual is titled “The Mechanics of Style” and refers to
“the rules or guidelines a publisher observes to ensure clear, consistent
presentation in scholarly articles” (p. 87). This chapter describes many of the



basic tools for writing, including punctuation marks and how to present
statistics.

APA Format Mechanics

The mechanics of APA format are designed to improve the format, flow, and
readability of review and empirical papers and to put those ideas into a format
that a publisher may use for subsequent publication as necessary. These
mechanics are somewhat different for empirical papers (those reporting findings
of original research) and nonempirical papers. According to the APA manual,
nonempirical work includes papers such as literature reviews, theoretical papers,
and case studies.

There is little guidance in the APA manual regarding the overall flow of
nonempirical papers. This is not surprising because the variety of topics for
nonempirical paper can vary considerably. On the other hand, a considerable
proportion of the APA manual is devoted to writing empirical papers, where
there are more consistent expectations for the order of the material presented
(see Chapter 2 of the APA manual).

Empirical manuscripts, regardless of the content and audience, are for the most
part designed to answer, in order, the following five questions:

What did this project do? (Introduction)
Why did this project do this? (Introduction)
How did this project do this?

What did this project find?

What does it all mean?

e e

Introduction

The first part of the introduction of an empirical paper typically answers the
question what did this project do? The second, and often much more lengthy,
part of the introduction section answers the question why did this project do
this? To accomplish this, an introduction typically includes the following
information: A brief summary that frames the project and explains why it is
important, the thesis, a review of the past literature that has examined this issue,
a logical explanation that explains the specific goals of the current project



(usually also embedded in the relevant literature). Finally, a good place to end an
introduction is with a brief paragraph that provides an overview of the method
used to conduct the empirical study.

Method

Although there is some variability about the subsections that comprise a method
section, the main point of the section is to explain the research process in enough
detail so that another researcher may replicate the project. Thus, this section
answers the question how did this project do this? The first part of this section
should describe the design. This gives the readers a framework for understanding
the remainder of the method section. After the design statement, the method
section usually describes the sample for the project. The third part of the method
section typically describes the materials (usually referring to things such as
paper-and-pencil or online questionnaires) and/or apparatus (usually referring to
physical materials, such as the type of computer and monitor). Finally, many
studies end the method section with a description of the procedure, which is a
step-by-step description of how the study occurred.

Results

The results section answers the question what did this project find? The purpose
of this section is to explain just the facts with little to no interpretation. The goal
for the results section is to explain the findings, including the descriptive
information (e.g., themes if qualitative, or means if quantitative) as well as any
relevant inferential statistics. Chapter 5 of the APA manual provides
considerable detail about how to report numbers and statistics, including
examples of tables and figures.

Discussion

The discussion section of a manuscript is where a researcher moves from the
specific work in the study to some ideas to go beyond that study and answers the
question what does it all mean? As in the introduction, the content in the
discussion section varies from manuscript to manuscript. A discussion section
can begin with a brief summary of what happened in the project (basically in one
to three paragraphs restating what was stated in the results section). In short



papers, this may seem redundant. Many papers, however, have multiple
hypotheses and a short summary can help a reader better understand the
disparate findings.

Next, the author should link the findings to past research. If the results, for the
most part, support the hypotheses, this part of a manuscript may be a brief
reiteration of the introduction. Most research, however, has at least some
findings that are unexpected. In these cases, writing the discussion is often a
more difficult process because it needs to explain why the findings occurred and,
as in the introduction, ground that information in the past literature. This time,
however, the explanations need to be based on new logic and literature. In this
case, there are usually two major categories of explanations. The first category is
methodological: That something about the method turned out to be a poor test of
the theories and ideas (e.g., the sample was inappropriate or too small). The
second category is theoretical: The ideas captured in the introduction were not
properly derived. A well-written discussion where some of the predictions are
not supported should include information that covers both categories.

After explaining the results and linking them to past research, a discussion
section should move beyond the findings. This can occur by recommending
future research (to respond to methodological limitations and/or extend theory)
as well as the real-life implications of the findings. An empirical manuscript then
ends with a conclusion that ties the findings back to the initial thesis and, as in
the beginning of the introduction, take the reader back to the overall importance
of the findings.

Giving Credit

According to the APA manual (2009), “scientific knowledge represents the
accomplishments of many researchers over time. A critical part of the writing
process is helping readers place your contribution in context by citing the
researchers who influenced you” (p. 169). There are two parts to giving credit:
in-text citations and references. The in-text citations indicate where in a
manuscript an author has discussed past work. A reference section appears
toward the end of an manuscript written in APA style and lists the papers cited
in the text; only the papers that are cited in the text should appear in the
references (hence, the reference section is not a bibliography or listing of all
resources). Chapter 6 of the APA manual discusses how to format in-text
citations. In addition, the APA created an online source called APA Style that



can help authors with formatting citations and references from Internet sources.
Chapter 7 of the APA manual discusses how to format the reference section.

APA Format and Writing Resources

This entry provides a very brief explanation of APA format. There are many
other resources to help authors, including, of course, the APA manual itself.
Many templates, or sample papers, can be found online. These provide a detailed
visual guide that an author can use in formatting a manuscript. Some of the most
popular templates and checklists are listed in the Further Readings section of this
entry, along with summaries of the APA manual and other guides to academic
writing.

Timothy Franz
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Applied Behavior Analysis

Applied behavior analysis is a growing profession devoted to the application of
basic learning principles to socially significant behavior occurring in many
natural environments, including the home, school, workplace, and other public
venues. Founded on well-documented learning processes, such as respondent
and operant learning, applied behavior analysis involves direct observation and
recording of relevant target behaviors, systematic and continuous data collection,
and implementation of interventions designed to address behavioral deficiencies
or excesses.

Behaviors targeted for intervention with applied behavior analysis are of
practical, not theoretical, concern, and are usually identified by pertinent
stakeholders, their teachers, parents, siblings, peers, coworkers, or the clients
themselves. Applied behavior analysis has a significant track record of evidence-
based treatments, especially in the domain of developmental disabilities. This
entry discusses the history and development of applied behavior analysis, its
major features, and areas where it is increasingly being used.

History and Development of Applied Behavior
Analysis

Applied behavior analysis emerged in the 1960s as an extension of the
laboratory science of behavior founded by B. F. Skinner in the late 1930s.
Skinner’s research on operant conditioning, which he termed the experimental
analysis of behavior, identified foundational principles of learning, including
reinforcement, extinction, punishment, and stimulus control (generalization and
discrimination). Although primarily responsible for the development of the basic



science, Skinner himself saw clear implications of operant principles for
behavior in the real-world settings and, in the late 1950s, embarked on a
program of research aimed at identifying more effective instructional tactics for
professional educators. Being an amateur engineer, Skinner fashioned early
teaching machines capable of systematically programming instructional
contingencies to enhance student mastery of academic concepts. Skinner’s
laboratory analysis of behavior had revealed that any behavior could be
conceptualized within the context of a three-term contingency, consisting of
antecedent environmental events, the behavior of interest, and consequences that
follow behavior.

In instructional design, academic materials, such as short written text or
questions, served as antecedents, an active and objective response from the
student served as behavior, and feedback regarding the accuracy of the student’s
response served as consequential stimulation. Using standardized programs,
Skinner was able to show that students were able to efficiently master a number
of academic skills, including math and science, rapidly and fluently as a result of
the frequent active responding and immediate feedback characterizing such
programmed instruction.

By the 1970s, considerable research had been conducted on programmed
instruction and other behaviorally based instructional methods, including Fred
Keller’s personalized system of instruction. Meta-analyses of these research
programs showed the instructional methods to be far more effective than
traditional instructional methods, especially those dominated by instructor
lectures. In fact, Project Follow Through, the largest educational experiment
ever conducted, begun in 1967 as a part of President Johnson’s War on Poverty,
amassed strong evidence of the effectiveness of behaviorally oriented
instruction. When pitted against nearly a dozen alternative educational tactics,
methods of behavioral instruction developed at the University of Oregon and the
University of Kansas produced substantially larger student gains in both basic
academic skill development and affective measures, such as self-concept.

By the late 1960s, applications of basic learning principles to various target
behaviors and settings had grown sufficiently to justify a specialized journal, and
in 1968, the inaugural volume of Journal of Applied Behavior Analysis was
published. To this day, Journal of Applied Behavior Analysis remains the
preeminent outlet for research in the field. By the 1970s, applications of
behavioral principles had become common, especially in the areas of



developmental disabilities and autism.

Autism, characterized by severe deficiencies in language and social behavior and
excessive stereotypic behavior and self-injury, had historically proven
unresponsive to efforts at traditional therapy, and many individuals with this
diagnosis lived most of their lives in institutions. During the late 1960s and early
1970s, however, behavioral psychologist O. Ivar Lovaas developed systematic
programs for addressing both the behavioral deficits and excesses of children
with autism, providing the first evidence that behavioral interventions could
effectively enhance the independence and autonomy of such clients. In the
ensuing decades, a significant database emerged replicating Lovaas’s work and
establishing applied behavior analysis as the only evidence-based treatment for
autism, as acknowledged by both the surgeon general of the United States and
the health and education departments in states including California, Maine, and
New York.

Training in applied behavior analysis now occurs at hundreds of colleges and
universities worldwide, and practicing behavior analysts must hold either a
bachelor’s or master’s degree, have taken significant coursework, have practical
experience at the undergraduate and/or graduate level, and possess certification
from the Behavior Analyst Certification Board, founded in 1998. Demand for
trained behavior analysts increased in response to an increased prevalence of
autism diagnoses during the first decade of the 21st century.

Major Features of Applied Behavior Analysis

Regardless of the specific client, setting, or behavior being addressed, behavior
analysts conceptualize and implement assessment and intervention protocols
consistent with certain basic principles. Donald M. Baer, Montrose M. Wolf, and
Todd R. Risley articulated the principal dimensions of applied behavior analysis
in 1968, and they remain central attributes of the profession today: applied,
behavioral, analytic, technological, conceptual, effective, and generalizable.

Applied

Although informed by the empirical data generated by a basic science of
behavior, applied behavior analysts develop and deliver interventions for
socially significant behavior occurring in natural settings. The range of



behaviors to which basic principles have been applied, and the circumstances
under which interventions have been delivered, is truly remarkable, running the
gamut of human behavior. A very brief list of such applications would include
the following:

Teaching academic skills to both normally developing and developmentally
delayed students.

Reducing stereotypic and self-injurious behavior in individuals on the
autism spectrum.

Teaching both verbal and nonverbal communication skills to
noncommunicative clients.

Enhancing physical exercise or medical compliance in medical patients.
Teaching basic self-care skills (e.g., dressing, cooking, and cleaning) to
developmentally disabled clients.

Teaching fire and gun safety to children.

Teaching children to respond effectively and assertively to potential
abductors.

Teaching basic job skills, including interviewing, eye contact, and
conversational skills.

Improving peer, sibling, and/or coworker interaction skills.

Teaching effective use of contemporary technology, such as tablets,
computers, household appliances, and entertainment technology.

Behavioral

Applied behavior analysis primarily targets behavior that can be readily
observed and measured, as opposed to such private activity as thinking,
imagining, perceiving, and so on. Although these “private events” can be
conceptualized as behavior, actions that directly operate on the environment are
both easier to observe systematically and more likely to have real-world,
pragmatic value for the client. It is possible to devise observational and
measurement tactics, for instance, for all of the behaviors that are part of the
applications listed earlier, all of which can take on considerable social
significance for the client. Direct measurement of behavior contributes
importantly to the scientific status of applied behavior analysis and makes
drawing inferences about intervention effectiveness more tenable.

Analytic



Behavior analysts deliver clearly articulated interventions to alter client behavior
while simultaneously measuring target behavior in a continuous manner. By
collecting data in real time, the behavior analyst is capable of identifying
changes in behavior that are functionally related to the intervention. In order to
establish that behavior change occurred in response to the treatment, and not
some other variable, behavior analysts build multiple replications into treatment
protocols, collecting relevant data systematically under all conditions.
Replications can be carried out with the same client, sometimes across different
settings or behaviors, and can also be carried out across multiple clients in order
to establish the reliability of the functional relationship between interventions
and behavior change.

Technological

In addition to collecting data systematically during behavioral interventions,
behavior analysts describe their intervention tactics in clear and concise
language and in a manner that could be readily carried out by others if necessary.
Although many behavioral interventions are not carried out as part of a formal
research process, behavior analysts do collect data throughout clinical protocols
because making decisions about changes in treatment or about treatment
effectiveness in the absence of supporting data is considered unethical. Because
the actual behavior plans being implemented are described in significant detail,
they can be replicated readily by other clinicians or researchers. This practice is
characteristic of many mature sciences, especially those that have spawned
applied technologies.

Conceptual

The interventions implemented by applied behavior analysts are not designed
idiosyncratically by the individual clinician nor are they reflective of a
commitment to an eclectic or generic behavioral science perspective. Instead,
they are informed by a consistent dependence on the conceptual moorings of the
basic science, the experimental analysis of behavior. This science, begun in the
late 1930s, produced a cumulative database attesting to the role played by
fundamental principles of behavior in natural settings. Such processes as
reinforcement, punishment, extinction, generalization, and discrimination are
known to underlie almost all adaptive behavior, both human and nonhuman.
These foundational concepts subsequently define the parameters of the treatment



plans developed and implemented by practicing behavior analysts.

Effective

As described in previous sections, ongoing data collection and analysis assist
professional behavior analysts in determining whether interventions have
produced effective outcomes for clients. In addition, behavior analysts
purposefully seek out the opinions of important stakeholders, such as parents,
siblings, peers, or coworkers, in evaluating client progress. The process of
asking those who know the client best to offer feedback regarding the success of
the behavior program is called social validation. This practice is important
because these significant others will likely be substantial sources of
reinforcement for the client, and reciprocal interactions between them and the
client will have repercussions for the client’s long-term behavior change.

Generalizable

It has long been known that the effects of therapeutic interventions delivered in
highly specialized environments, for instance schools or hospitals, often fail to
transfer outside the treatment environment. Behavior analysts are especially
adept at ensuring that such failures are minimized, as their professional skills
include a working knowledge of tactics for enhancing stimulus control,
including client generalization of learned skills across varying settings. Indeed, a
behavioral intervention is not considered successful unless changes in client
behavior have been formally assessed in a multitude of environments in which
the behavior is likely to be important. Behavior analysts usually build into an
intervention-specific tactics for ensuring generalization of client functioning in
such environments.

Contemporary and Future Directions

Applied behavior analysis, initially incubated within the parent discipline of
psychology, eventually emerged as a distinct profession. As is true of any
relatively new profession, applied behavior analysis suffered early growing
pains. National certification for professionals did not emerge until 2000, and
although the Behavior Analyst Certification Board has now certified thousands
of practitioners, the professional title is not yet familiar to others, including
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physical therapists) or the insurance companies responsible for remunerating
most health-care professionals. This situation is changing and will no doubt
continue to do so with the increasing number of certificants, national and
international training programs, and states that have set up formal licensing
boards to oversee the profession.

In addition to the basic growth of the profession, there has been a corresponding
broadening of the kinds of behaviors, clients, and settings to which behavior
analytic principles have been applied. The behavior principles targeted by
applied behavior analysts are pervasive and influence nearly every action we
take from the mundane to the profound. Consequently, applied behavior analysts
have spread their professional wings in demonstrating the applicability of their
principles to a variety of real-world circumstances, from weight loss to pet
training.

In the area of education, contemporary behavior analysts can take advantage of
the capabilities brought by the microcomputer and the Internet to use powerful
sounds and graphics to reinforce academic responding. Computerized versions
of Keller’s personalized system of instruction proved both easily adapted and
successful in teaching college concepts and skills, including psychological
principles and computer programming. In addition, preschoolers utilize
behaviorally based computer reading programs. Effective academic
contingencies, characterized by frequent active responding by the student,
immediate and powerful feedback in real time, and nearly continuous
assessment, are more realizable than ever before.

The use of basic behavior principles to encourage patients to adhere to medical
regimens or exercise programs has long been a mainstay of applied behavior
analysis. As in other behavioral domains, advances in technology have altered
the landscape. In exergaming, for example, electronic games are designed to
require high levels of physical exertion to make contact with the powerful
reinforcers of the game environment. In studies of school-aged children,
exergaming stations produced increased enthusiasm and higher levels of activity
than stations employing more conventional physical education activities.

In addition, behavior analysts are leveraging the Internet, social media in
particular, to create powerful support groups and social reinforcement for those
facing a range of personal challenges, including medical treatments, substance
abuse, weight loss, and gambling. In Europe, positive results were seen from a



major etfort at increasing schoolchildren’s consumption ot high-quality toods,
utilizing personalized token systems. Technologies exist today that allow any
individual to monitor a large array of health indicators, such as steps taken,
calories consumed, and heart rate, and contingency management programs
developed by behavior analysts have helped to put teeth into individual
resolutions and self-improvement programs.

David Morgan
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Applied Research

Applied research is an umbrella term that includes various kinds of systematic,
empirical research that aims to solve particular problems. In the broad field of
education, these problems are those that would arise not only in all aspects of
teaching and learning across the lifespan but also from organizational and policy
dimensions related to efforts to educate. Applied research seeks to ameliorate
problems in education through collecting and analyzing data that directly inform
organizational and institutional decision making.

As both public entities and private foundations devote increasing resources to
educational programs, the evaluative role for applied research has grown,
consistent with and at the same time as calls for accountability of schools and
specific educational programs have increased. This entry presents research
traditions that typically fall under the category of applied research, the
relationship between applied and basic research, the methods and approaches
used in applied research, the dissemination of applied research, and examples
and criticisms of applied research.

Types of Applied Research

Many forms of research in education are within the purview of applied research.
Evaluation studies are almost always applied research with the problem being to
what extent a new or existing policy or program achieves intended goals
(outcomes) and why (process). Researchers in educational measurement are
frequently involved in applied research to develop measures of key constructs
deemed important to the teaching and learning process while also investigating



their validity and reliability, such as in the development of standardized testing
instruments to measure learning in particular areas.

Paulo Freire popularized various forms of action research in education, including
participatory action research. Community-based participatory research often are
applied in their orientation, as well as design-based research (an early example is
seen in education in Ann Brown’s “design experiments”) and the teacher (or
educational practitioner) research movement highlighted by Joe Kincheloe,
Marilyn Cochran-Smith, and Susan Lytle. An influential movement, recently
spearheaded by Anthony Bryk and others, highlights the need for more
“improvement science” that uses rapid, iterative cycles of Plan-Study-Do-Act to
produce knowledge in naturalistic settings to enhance school efficacy in ways
that can be used widely, that is, brought to scale. Knowledge produced through
applied research in education may therefore be used to help develop new or
revised products, strategies, procedures, or technologies.

Relationship Between Applied and Basic Research

The problem to be investigated in an applied research project could be selected
by the researchers themselves or by nonresearcher stakeholders or clients. This
can be compared to so-called pure or basic research in which the research
problem is typically one that arises from a gap or contradiction identified in the
existing research literature. Basic research always seeks to add to the theoretical
research base, but applied research may not have that aim as a primary purpose.

Although the distinction between applied and basic research is useful in many
ways, it is sometimes drawn too simplistically. In the process of solving
problems and guiding decision making, applied research may also generate
theoretical knowledge that is characteristic of basic research. It is also vital to
understand the ways that these two forms of research have a reciprocal and
iterative relationship over time within any particular field of education research.
The design and development of an applied research project usually is supported
at least in part by prior basic research results specifying key concepts and
elaborating relationships between them, as well as pointing the way to
appropriate research methods and designs.

Basic research, particularly in the field of education, often concludes with
statements about the implications for practice of the research results, which often
generates topics for applied research. In fact, many major funders of basic



educational research, both government and private foundations alike, seek to
improve “knowledge transfer” by requiring funded studies to consider
implications for practice of the research, thus narrowing the distance from more
theoretical, basic research to its application. In addition, there has been a
reduction in the separation between the worlds of research and practice, such
that practitioner-led applied research has become increasingly influential.
Notions of reflective practice in education have come to include components of
self-evaluation, such as a teacher systematically collecting and analyzing data on
the effectiveness of a new way to teach a topic, that are in fact often small-scale
examples of applied research. In short, just as the boundary between basic and
applied research has blurred, understandings of who has the appropriate
authority and expertise to conduct research, particularly applied, context-based
research, has broadened.

Approaches and Research Methods

Applied research in education uses a range of approaches and research methods,
employing various means to convey results to appropriate audiences. In solving
a given problem, applied research can be exploratory, or it can aim to explain
patterns (often with the aim of generating accurate predictions), or it can confirm
an expected or intended result or prior finding. With the aim of finding a
solution to a particular problem, applied research tends not to adhere to strong
paradigmatic assumptions such as those outlined by Yvonna Lincoln and Egon
Guba. Instead, the pragmatic imperative to solve the problem and guide decision
making frames the work, leading some to call applied research
“postparadigmatic.”

Although often drawing on quantitative research methods, applied research can
be purely qualitative or invoke mixed method approaches. The primary goal of
applied research is not necess