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Abstract

Achievement gaps, as measured by standardized tests, are inextricably related
to educational goals, standards, norms, and benchmarks for student learning
outcomes. I revisit conventional approaches to educational testing to measure
achievement gaps—norm-referenced, criterion-referenced, and potential-referenced
tests. I explore and discuss a paradigm shift from “passive” tests to “responsive”
tests that promotes the diagnosis and remediation of achievement gaps. Particularly,
I propose an environment-referenced approach to testing with the specification of
desired learning opportunities and environment conditions that enable students to
meet upgraded achievement norms, standards, and benchmarks.

BACKGROUND ISSUES

Standardized tests play increasingly important roles in monitoring and
shaping American education. Since the Coleman Report in the 1960s
brought attention to racial and socioeconomic gaps based on standardized
achievement test results (Coleman et al., 1966), the National Assessment
of Educational Progress (NAEP) served as the nation’s report card to help
monitor national progress in educational equity (Jencks & Phillips, 1998).
While most states relied more on basic skills test in the 1970s, A Nation at
Risk report of 1983 called for an end to the minimum competency testing
movement (Amrein & Berliner, 2002). While the focus of education policy
shifted from equity to excellence, the target achievement goal of high-stakes
testing policy also shifted from minimum competency to proficiency. The
No Child Left Behind Act of 2001 (NCLB) was aimed at accomplishing high
academic standards for all students and closing their achievement gaps
among racial and social groups. Schools and teachers are held accountable
for their students’ test results as monitored by the state and local education
agencies. Educational policy changes have been increasingly influenced
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by international math and science achievement test results that reveal the
gap between American students and their peers in other industrial nations
(Baker, 2003; Husén & Tuijnman, 1994; Lee, 2001).
Achievement gaps as measured by standardized tests are inextricably

related to educational goals, standards, norms, and benchmarks for student
learning outcomes. There are three conventional approaches to educa-
tional testing to measure achievement gaps—norm-referenced, criterion-
referenced, and potential-referenced tests. Performance-driven, external
accountability policy mandates, with increasingly higher standards and
expectations for both student and teacher performance, demand under-
standing and tackling the sources of achievement gaps. While recent
changes in accountability and testing policies have provided educators
with access to an abundance of student achievement data, there are no
clear framework and evidence-based guidelines about how to use data for
guiding instruction and improving student learning (Hamilton et al., 2009).
While the trend of increased online and digital education environment
facilitates personalized learning with real-time data collection and feedback
with ongoing measurement of learning inputs, processes and outcomes,
analyzing such big data for integrated educational decision making poses
new challenges (US Department of Education, 2012).
In light of these issues and challenges, I revisit conventional testing

approaches that narrowly focus on measuring outcomes without full con-
sideration of examinees’ characteristics and learning environment. First, I
explain multiple approaches to educational test design for measuring and
reporting achievement gaps. In the context of education policy changes and
technology upgrades, I further explore and discuss a paradigm shift toward
integrated measurement of student learning environment and achievement
gaps, particularly, an environment-referenced approach to testing with the
specification of desired learning opportunities and engagement conditions
that enable students to meet upgraded achievement norms, standards, and
benchmarks. This paradigm shift signifies transition from “passive” tests
that simply measure and report achievement gaps to “responsive” tests that
assess learning environment needs and guide educational interventions for
closing the achievement gaps.

DEFINITION AND MEASUREMENT OF ACHIEVEMENT GAPS

Achievement gaps arise from the discrepancy between desired goals and
current status. Performance goals can be set with reference to either criteria
or norms (or a combination of both). Achievement gaps change over the
course of child development and education. This requires dynamic, rather
static, views about the measurement and analysis of achievement gaps.
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Traditionally, tests have been designed to measure achievement gaps for
norm-referenced versus criterion-referenced evaluation purposes. However,
this distinction depends on interpretation of the test results more than on
the test itself. The two types can be viewed as a continuum rather than a
clear-cut dichotomy. Test publishers often try to make the test versatile,
with possible dual interpretations (Linn & Gronlund, 2000). Both norms and
criteria are not fixed, and they are likely to change over time. As Table 1
shows, there were upward shifts in the level and rigor of performance goals,
both norms and standards over the past several decades at the national
level.
Previous studies have often investigated the achievement gap without

questioning the validity of traditional reference groups or standards for
comparison. Students representing particular racial (e.g., White students)
or social groups (e.g., parents with college education) are often chosen as
the reference groups based on stereotypes and these students’ historically
superior performance. Race and ethnicity variables, however, are crude
proxies for the educational needs and academic risks that vary significantly
among individual students within such broadly defined groups. While
a criterion-referenced approach (e.g., state’s performance standards for
math proficiency) has become more popular in the past two decades of
standards-based education reform, this approach often results in unre-
alistically high standards with underfunded mandates. Furthermore, a
strict criterion-referenced approach does not consider the varied needs of
students and also does not outline multiple pathways for diverse groups
of students to reach common standards. Further, both norms and criteria
tend to be uniformly applied to the entire age or grade cohort group of
students.
Why do some groups of students have greater academic success than

others? According to John Carroll’s model of school learning (Carroll,
1963), the amount of learning is a function of students’ aptitude and prior
knowledge that determines the time needed for learning, as well as learning
opportunity that determines the time available for learning and persever-
ance (engagement) that affects time spent on learning. In this sense, the
achievement gap occurs when actual achievement is significantly below
expected achievement based on one’s best ability and effort under optimal
environmental conditions. The notion of “plasticity” in human develop-
ment processes and outcomes is well established (Baltes, Lindenberger, &
Staudinger, 2006; Oyserman, Bybee, & Terry, 2006; Vygotsky, 1978). Instead
of common benchmarks, academic performance goals can be customized
with reference to potential for each individual student (i.e., capacity for the
future achievement).
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In the following sections, each of these different testing approaches formea-
surement of academic achievement gap is discussed. Althoughmydifferenti-
ation of testing approaches in this article relies on the basis of comparison and
reference, tests can be also classified in different ways such as formative vs.
summative assessments based on testing purposes (Lee & Lee, 2013). Here I
focus on the case of standardized tests ofwhich traditional purposewas often
limited to performance evaluation, certification, and/or selection, but I argue
that its roles can and should be expanded to more diagnostic and remedial
functions as augmented by environmental scan of learning conditions that
underlie the achievement results.

NORM-REFERENCED TESTING

Norm-referenced tests (NRTs) compare an examinee’s performance to that
of other examinees; this practice is often called “grading on the curve.” Stan-
dardized examinations such as the SAT are NRTs. The goal is to rank the set
of examinees so that decisions about their opportunity for success (e.g., col-
lege entrance) can be made. Norms refer to performances by defined groups
on particular tests at a particular time. Norms are used to give information
about one’s performance relative to a standardization sample (e.g., mean,
median). Norms are obtained by getting the distribution of test scores from a
normative sample, whether tests measure achievement or aptitude. Achieve-
ment tests measure what a student has learned, and aptitude tests measure
the ability (readiness) to learn new tasks. For this reason, NRTs are designed

PassFail

Figure 1 Hypothetical distributions of academic achievement with performance
norms and standards cut score for performance standard.
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to maximize discrimination among examinees and produce the wide spread
of achievement distribution in a bell curve format (Figure 1).
For example, a conventional norm-referenced view for college admissions

relies on relative performance of students; for example, highly selective
colleges may select out the top 5–10% of students based on college entrance
exam scores or high school ranks. While the selection of cutoff is arbitrary,
this high academic talent group often has special opportunities and priv-
ileges such as gifted/talented education, advanced placement courses,
and merit-based college scholarship. For example, the top 10% college
admissions policy in Texas guarantees automatic admissions into a state
flagship university for high school students whose high school grade ranks
fall in the top 10% of the graduating class. This cutoff clearly represents the
norm-referenced threshold; in this case, the norm used for sorting is not
statewide norms but local school norms.
There have been changes in reference groups in the analysis of racial

achievement gaps. Comparisons between Black and White students are
different from comparisons between Black and Asian-American students,
and give different insights into unique issues of domestic inequalities and
discriminations for different minority groups in the United States. However,
these conventional within-country group comparisons do not address new
global economic challenges that put evenWhite students (i.e., the traditional
majority group in the United States) or Asian-American students (i.e., the
highest performing group in the United States) at a relative disadvantage
in comparison with native Asians on an international scale. This kind of
international achievement gap (as opposed to the domestic achievement
gap) will more directly determine students’ odds of college admissions in
the globalized college marketplace and job employment in the globalized
labor market.

CRITERION-REFERENCED TESTING

Criterion-referenced tests (CRTs) compare each examinee’s performance
to a predefined set of criteria or a standard. The goal with these tests is
to determine whether the candidate has the demonstrated mastery of a
certain skill or set of skills. These results are usually “pass” or “fail” and
are used in making decisions about job entry, certification, or licensure
(see cut score for performance standard in Figure 1). A national board
medical examination is an example of a CRT; either the examinee has the
skills to practice the profession, in which case he or she is licensed, or does
not. Multiple standard-setting methods have been devised and used to
determine pass/fail test cutscores (see Cizek, 1993; Jaeger, 1989). For the
criterion-referenced approach to measuring the achievement gap in K-12
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education, both national and international assessments providewell-defined
student performance standards in the era of standards-based education
reform. The Trends in International Math and Science Study (TIMSS) High
achievement benchmark requires student competency of knowledge/skills
application for problem-solving across content domains (Martin, Mullis, &
Foy, 2008). The NAEP Proficient achievement level demands that students
are able to demonstrate competency over challenging subject matter, includ-
ing conceptual understanding, application of knowledge to real-world
situations, and analytical skills (NAGB, 2001).
More recently, the federal Race to the Top policy pushed for adopting com-

mon core standards for college and career readiness and performance-based
teacher evaluations based on student achievement of the standards. Con-
ventional views of college readiness have focused narrowly on students’
first-year college placement or performance as predicted by college admis-
sions tests for college-bound students only, which remain to be separated
from recent K-12 standards-based educational assessment movement
toward improved college readiness for all students (ACT, 2010; Lee, 2012a).
There is also the expectation that a typical average college-bound student (as
opposed to a high-performing or gifted student) in American high schools
will achieve a grade of B or higher. For example, as part of the K-16 state
policy initiatives, the Georgia HOPE scholarship program guarantees a state
scholarship for students with a B high school average of GPA, where only
college preparation courses count as part of the B average requirement.
An example of criterion-referenced formative assessments is curriculum-

based measurement (CBM) that employs repeated, frequent measurements
of student performance in basic skills by classroom teachers (Stecker,
Fuchs, & Fuchs, 2005). CBM makes comparison of student progress with
reference to long-term (year-long) curriculum goals and is often applied in
Response to Intervention (RTI) context: CBM can help identify students in
need of interventions, decidewhich level of intervention ismost appropriate,
and determine if an intervention is successful (Mellard & Johnson, 2008).
This tiered, continuous improvement approach facilitates differentiated
instruction and adaptive intervention.

POTENTIAL-REFERENCED TESTING

Potential-referenced tests (PRTs) compare each examinee’s performance to
a predicted level of achievement or potential. While the norms or criteria
are uniformly identified for all students through observed achievement dis-
tributions (e.g., mean scores) or agreed benchmarks (e.g., cut scores), the
PRT approach is specific to individual students. However, potential is not
directly observable andmore difficult to operationalize andmeasure. For this
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reason, potential may bemeasured as a range rather than a point on a contin-
uous scale of achievement. The achievement goal may be set low within this
boundary of potential or high enough to push the boundary out further. The
capacity to which students come to realize their full potential determines the
degree of deficits relative to goals. Under this framework, the achievement
gap is treated as unrealized potential (underachievement).
This individualistic, PRT approach was used in the conventional measure-

ment of learning disabilities through a combination of intelligence testing
and academic achievement testing. The resulting information on discrep-
ancy between IQ and achievement is used to determine whether a child’s
academic performance is commensurate with his or her cognitive ability
(Figure 2). If a child’s cognitive ability is much higher than his or her aca-
demic performance, the student is often diagnosedwith a learning disability.
Although the discrepancy model has dominated school practices in the past,
its validity and utility have been questioned (Aaron, 1995). Another popular
application of PRT approach in education is computer-adaptive testing
(CAT). It enables the design and administration of customized tests that can
match the difficulty level of test items to the (latent) ability level of examinees
based on the item response theory (IRT). CAT successively selects questions
for the purpose of maximizing the precision of the examination based
on what is known about the examinee from previous questions (Weiss &
Kingsbury, 1984). Although CAT serves to improve efficiency and flexibility
in standardized testing itself, it does not address any environmental causes

Regression line

Achievement

IQ/Aptitude

Ya

Xa Xb

Yb

Underachiever

Overachiever

Figure 2 Hypothetical relationship between IQ/aptitude and achievement for
identification of overachiever and underachiever.
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of observed variations in academic ability and achievement. The issue is
not simply how to adapt tests to varying student ability/achievement at the
time of testing, but rather how to change educational environment for the
improvement of student ability/achievement itself.

PARADIGM SHIFT: ENVIRONMENT-REFERENCED TESTING
FOR GAP DIAGNOSIS AND REMEDIATION

Each of these three approaches has its own distinctive features and utilities.
However, the distinction becomes blurred if test design encompasses all
three aspects of achievement gap information. Further, an emerging and
potentially fruitful area of interdisciplinary research is linking achievement
expectations (norms, criteria, and potential) to educational environment,
including both home and school learning conditions. Here, I would call it the
“environment-referenced” testing (ERT) approach. It can augment any of the
aforementioned three approaches to provide information for achievement
gap diagnosis and remediation. This cross-referencing means developing
achievement norms, references, standards, and expectations consistent with
desirable learning conditions (e.g., access to quality curriculum and teachers,
parental support, student engagement) and incorporating those conditions
into construction of corresponding norms, standards, and predictions.
Although researchers disagree on the best measure of school/teacher

quality and the significance of school/teacher effects, a great deal of evi-
dence suggests systematically positive effects of instructional resources
and teacher quality on academic achievement (Ferguson, 1991; Hedges,
Laine, & Greenwald, 1994). Previous studies also demonstrated both dis-
parities and inadequacies in terms of school funding and teacher quality
for disadvantaged minority groups (Darling-Hammond, 2000; Hanushek,
Kain, & Rivkin, 2001; Ingersoll, 1996; Lankford, Loeb, & Wyckoff, 2002).
Poor minority students are often double-bound by problems with less
adequate instructional resources and less qualified teachers in their schools
along with challenges posed by their relatively disadvantaged home
learning environment. Further, students’ academic engagement is crucial
for translating learning opportunities into achievement (Finn, 1989; NRC,
2004). Therefore, the new framework of educational testing must address
two components: (i) engagement to learning (ETL) and (ii) opportunity
to learn (OTL). As summarized in Table 1, the operational definition of
achievement gap is extended to embed the concept and measurement of
learning environment gap.
This ERT approach requires upfront specification of desired learning condi-

tions and thus addresses the loophole of black box approaches as seen in the
value-added models (VAMs) of teacher and school performance evaluation.
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TheVAMoftenpredicts student achievement based on a combination of prior
achievement, personal and family background characteristics that influence
the current assessment results beyond the control of teachers and/or schools.
Positive values indicate performance that is better than expected based on
students’ background information, whereas negative values indicate under-
performance. Those residual values, the gap between actual and predicted
achievement scores, are used to evaluate unique contributions of teachers
and/or schools to student learning (McCaffrey, Lockwook, & Koretz, 2004).
However, the VAM approach leaves desired schooling conditions unspeci-
fied and thus makes the results vulnerable to distortion of instructional pro-
cesses such as teaching to the test.

RECOMMENDATIONS FOR FURTHER READING

In the context of NRT, applying the environment-referenced approachmeans
specifying desired learning conditions for selected normative groups. For
example, achievement gap may be defined as a gap relative to international
average achievement of model nations with specification of desired learn-
ing conditions, including learning opportunities and engagement efforts. An
example of similar approach in health can be found in the World Health
Organization (WHO) “Model of International Reference for Child Growth”
(Garza, 2006; Garza&deOnis, 2004). The newmodel adds “prescriptive” and
“international” aspects to child growth norms, strengthening of advocacy
for child health. First of all, their new model attempts to prescribe how chil-
dren should grow rather than describe how children grow. It involves using
sample selection criteria consistent with health promotion recommendations
(e.g., breastfeeding norms, standard pediatric care, and nonsmoking require-
ments). This new global standard emphasizes the notion that all humans are
equal and that environmental differences rather than genetic endowments
are the principal determinants of disparities in physical growth (Garza & de
Onis, 2004).
In the context of CRT, environment-referenced gaps can be measured

against proficiency standards such as standards for college readiness, with
specification of desired learning conditions and opportunities. The focus of
school finance reform has shifted from equity to adequacy in the midst of the
performance-based educational accountability movement (Bartman, 2002;
Clune, 1994; Ladd, Chalk, & Hansen, 1999). There are several approaches
to measuring school funding adequacy, including an empirical observation
of successful districts/schools and econometric cost function analysis
(Ladd et al., 1999). However, states that adopted high-stakes testing policies
during the past decade often failed to improve key school resources and
address funding inequalities (Lee & Wong, 2004). Given the moving target
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of academic performance standards, more research is needed to tackle the
issue of how adequate and equitable are the distributions of school and
teacher resources (e.g., per pupil expenditures and qualified teachers) to
help different groups of students meet common and rigorous proficiency
standards (Lee, 2012b).
In the context of PRT, environment-referenced, gaps can be measured

against predictions based on observable and unobservable potential with
specification of desired learning conditions. With desirable learning envi-
ronment conditions in place, one can predict potential achievement level,
and assess how much an individual student or a group of students realizes
the potential. This potential-referenced approach also has implications for
the measurement of racial achievement gaps. Ferguson (2007) discusses
three different conceptions of racial bias in teacher expectations of student
learning potential: unconditional race neutrality, weak conditional race
neutrality, and strong conditional race neutrality. “Strong” conditional race
neutrality starts with the assumption that Black andWhite children are born
with the same potential, and that there is no distinction at birth, yet that
disparities in potential may develop as children grow older under different
environmental conditions. What is recommended for policy and practice
here is not simply making the assumption but rather collecting data on the
gaps in learning environment. In the context of college admissions, this
environment-referenced approach may ask colleges to collect information
on the history of applicants’ educational opportunities and incorporate that
information into interpretations of test results and admissions decision; this
approach is different from adopting test-optional admissions policy or using
alternativemeasures (Soares, 2011). It also calls for developing and validating
test items that are not biased against or sensitive to students from disadvan-
taged learning environment backgrounds (AERA, APA, & NCME, 1999).
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