Technology-Based Assessment
and Problem Analysis

Gerald Tindal and Julie Alonzo

This chapter discusses the features of a widely
adopted technology-based assessment com-
monly used in schools implementing response
to intervention (RTT). First, the chapter describes
easyCBM® in the context of RTI. An important
perspective is that a number of dimensions need
to be addressed such as multiple references for
decision-making, flexibility in measurement
implementation, and documentation of tech-
nical adequacy. The second section addresses
specific research conducted in the develop-
ment of easyCBM® for reading and mathemat-
ics (organizing the discussion by grade bands:
kindergarten to grade 2 and grade 3 through 8).
Finally, this section ends by noting the strengths
and utility of technology-based assessment to
enhance decision-making. A number of reports
are discussed that follow a sequence of teacher
decision-making: (a) determining risk and group-
ing students, (b) diagnosing instructional needs
of students and devising instructional plans, (c)
evaluating these interventions using time-series
progress monitoring, and finally (d) evaluating
programs for both individuals and systems using
grade-level and building-level changes, though
a number of other variables could be considered
(e.g., race—ethnicity, English language learners).
The third and last sections of the chapter both
reflect on critical dimensions of technology-based
assessment and speculate on future directions in
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this field. After articulating a conceptual model
for easyCBM® using three interlocking critical
features (measurement sufficiency, instructional
adequacy, and data-driven decision-making), we
venture into the need for professional develop-
ment with effective reports to catalyze training
enhancements.

Overview and Description
of easyCBM®

Technology-based assessments have increasingly

become essential tools for schools and districts

implementing RTI. The best examples of tech-
nology-based assessment systems for use in RTI
approaches share many features.

1. The process is efficient for staff to roster
their students and activate the program with
a minimal amount of work and yet allow flex-
ible grouping of students, with the ability for
teachers to regroup students throughout the
year as individual needs change in relation to
their peers.

2. Online platforms provide easy access to test
themselves as well as the possibility of em-
bedded trainings on test administration.

3. Well-designed databases facilitate immediate
reporting of results, with historical records al-
lowing districts to track the effect of different
approaches over time. Such systems capture
detailed information about the interventions
programs and outcomes that provide critical
information to guide lesson planning.
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4. The system is easy to use as the more complex
computer programming is in the background
and entirely managed using well-designed
computer interface for all student and teacher
interactions.

5. The system is designed for incremental en-
hancements to take advantage of advances in
both measurement and technology.

This chapter focuses primarily on easyCBM®, one

such technology-based assessment system, de-

signed as part of a federally funded National Cen-
ter on Progress Monitoring. Although other tech-
nology-enhanced assessment systems share some

of the same features, easyCBM® is used as the il-

lustrative example because we are most familiar

with its features and the principles that guided its
design and fuel its continued enhancements.
Initially introduced in the fall of 2006, easy-

CBM® has continued to grow in popularity and

use. At the time of this writing, over 325,000

educators, representing over 2.3 million students,

have established accounts with the online learn-
ing system, with accounts present from every US
state as well as a number of international loca-
tions. Over 17.4 million easyCBM® tests have
been taken since the system was first made avail-
able. Many school districts have incorporated
easyCBM® as an integral part of their RTI pro-
tocols. Student performances on the easyCBM®
benchmark measures are used to identify stu-
dents for additional intervention, and their scores
on the easyCBM® progress-monitoring measures
are used, in part, to evaluate the effectiveness of
provided interventions and to modify instruction
as needed. For academically struggling students,
lack of progress on curriculum-based measure-
ment (CBM) measures, when the students have

been provided with appropriate intervention, im-

plemented with integrity for a sufficient period

of time, has served as the primary factor for de-
termining eligibility to receive special education
services.

CBMs Applied in the Context of RTI

CBM assessments include both individually ad-
ministered measures (e.g., phoneme segmenting,

letter names, letter sounds, word reading flu-
ency, and passage reading fluency) and group-
administered measures (e.g., vocabulary, com-
prehension, mathematics). Test administration
procedures are typically described in a teachers’
manual. On the easyCBM® system, the utility of
the teachers’ manual, available as a download-
able portable document format (PDF) directly
from the easyCBM" site, is bolstered by the ad-
dition of an online training link, with videos on
standardized test administration and scoring and
proficiency checks of mastery to be completed
before a person administers the tests. For great-
est utility, assessment systems designed for use
in RTI contexts must include both screening and
progress-monitoring measures.

As is typical of such assessment systems,
the easyCBM®™ system includes both universal
screening measures (for fall, winter, and spring
administrations) and multiple alternate forms
used in evaluating instruction and progress. Spe-
cific measures included on the screening assess-
ments vary by grade level, with the measure type
selected based on empirical findings of which
tests provide the most robust screening of content
and skill at each grade level.

An array of progress-monitoring assessments
should be available at each grade. These mea-
sures provide in-depth information about indi-
vidual students’ particular strengths, weaknesses,
and needs for tier 2 supplemental instruction and
tier 3 intensive intervention. Progress-monitor-
ing forms typically include not only the specific
measure types included on the universal screen-
ing assessment but also go beyond these mea-
sures to provide information about a wider swath
of skills. These diagnostic measures should not
only provide relevant information about specific
skill areas with which students are struggling but
they should also be optimized to be sensitive to
growth, enabling teachers to evaluate the impact
of their instruction and modify it when war-
ranted. In the most useful technology-based sys-
tems, intervention data are logged directly into
the system, which plots intervention lines on the
individual student graphs, providing individual-
ized histories of student response to instruction
or tiered supports.
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When systems truly capitalize on the strengths
of technology-based assessments, the group-ad-
ministered measures from both universal screen-
ing and progress-monitoring assessments can be
administered via desktop computers, laptop com-
puters, or tablet devices such as iPads. Individu-
ally administered measures can be administered
using paper and pencil, with scores later entered
online, or they can be administered directly from
tablet devices, to streamline data collection.

Technical Adequacy Considerations

In keeping with the original precepts of CBM,
the measures need to be sensitive to the instruc-
tional needs of students with disabilities as well
as to students from the general education popu-
lation. Because of the need for alternate forms,
measures need to be appropriately scaled, a con-
sideration that can be addressed during measure-
ment development with the use of item response
theory (IRT). Finally, traditional reliability and
validity requirements need to be met, as promul-
gated by the 2014 Standards for Educational and
Psychological Testing (American Educational
Research Association, American Psychological
Association, and National Council on Measure-
ment in Education 2014).

For example, all easyCBM® measures were
developed using the principles of universal de-
sign for assessment (Thompson et al. 2005) and
followed the guidelines for test development as
described in The Standards for Educational and
Psychological Testing (American Educational
Research Association, American Psychological
Association, and National Council on Measure-
ment in Education 2014) with particular attention
to accessibility and freedom from bias. During
item development, teams of experienced grade-
level educators were hired to draft the measures,
with thorough review by a team of trained assess-
ment researchers at the University of Oregon.
Following content and bias/sensitivity review,
items were piloted with grade-level students
(with exact sample size varying by measure and
grade). IRT modeling was used to analyze pilot
data, with item information (measure, standard

error, discrimination, mean square outfit) used to
create multiple alternate forms for screening and
progress-monitoring measures.

Screening assessments are typically optimized
for the purpose of identifying students who need
additional supports to meet grade-level content
and performance standards in the areas of read-
ing and mathematics. Progress-monitoring as-
sessments, on the other hand, may be designed
to provide more detailed diagnostic information
related to specific skill deficits and developed to
ensure comparability of alternate forms and sen-
sitivity to growth for students receiving targeted
instruction in specific skill areas.

Following initial form creation, additional
studies are typically conducted to evaluate and
document the reliability (test-retest, alternate
form), internal consistency (both within and be-
tween measure types), sensitivity and specificity,
generalizability of the measures, and to provide
evidence of their validity in making screening-
and progress-monitoring decisions. Results of
these studies should be detailed in technical re-
ports or other published materials readily avail-
able from the CBM developers. For instance,
over 100 technical reports documenting easy-
CBM® measurement development and technical
adequacy studies are available on the website of
behavioral research and teaching (BRT) at the
University of Oregon (brtprojects.org). The need
to consider the technical characteristics of the
measures is emphasized because it is believed
that instructional planning and evaluation is not
a low-stakes decision that can be made on the
basis of informal measures. Rather, it is a high-
stakes decision that needs to use measures that
have all the characteristics demanded by the test
standards.

Technology-Enhanced Reading Measures In
kindergarten, first, and second grade, early lit-
eracy measures focus on letter names, letter
sounds, phoneme segmenting, and word-reading
fluency (Alonzo and Tindal 2007); in grades 2
to 8, vocabulary and direct measures of compre-
hension measures are available (Alonzo et al.
2012a-g; Irvin et al. 2011, 2012a, b; Lai et al.
2010; 2012a, b; Park et al. 2012a, b). Although
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other approaches are possible, use of IRT enables
creation of item pool with known item difficulty,
facilitating the creation of comparable alternate
forms. For instance, use of IRT during measure-
ment development resulted in the easyCBM®
early literacy measures alternate form reliabil-
ity ranging from 0.86-0.91 for the Phoneme
Segmenting measures, 0.82-0.89 for the Let-
ter Names measures, 0.76-0.88 for the Letter
Sounds measures, and 0.95-0.96 for the Word-
Reading fluency measures in grades K-2.

In the late elementary and middle school
grades, a variety of reading measures have been
developed and investigated, including word and
passage reading fluency, vocabulary, and com-
prehension. Some CBM systems use maze tasks
for measuring comprehension, while others use
passages followed by selected response items. As
with the early literacy measures described ear-
lier, use of IRT during measurement development
provides insights into item characteristics instru-
mental in creating assessments that are sensitive
for use as screeners as well as for monitoring the
progress made over time. With a view toward en-
suring the utility of the assessment for students at
risk, developers may focus on building a test that
begins with a sufficient number of easily acces-
sible items to establish an accurate base of knowl-
edge or skill, yet also includes items that cross
the range of difficulty, providing the means by
which to sensitively measure improvements over
time for students with a range of skill/knowledge.
Measures that contain an insufficient number of
“easy” items, or alternatively that contain an in-
sufficient number of “moderately difficult” and
“difficult” items may not be useful for screening
purposes, and also fail to serve the dual purpose of
providing information about progress over time.

Technology-Enhanced Mathematics Mea-
sures Although early work in mathematics CBM
focused on fluency-based short probes, more
recent developments reflect the increasing depth
of knowledge and skill expected of students, with
a greater emphasis on items aligned to state and
content standards, such as the Common Core
State Standards (CCSS) in Mathematics and the

National Council of Teachers of Mathematics’
(NCTM) Focal Point Standards.

The easyCBM® mathematics progress-mon-
itoring measures were initially developed to be
sensitive for students with persistent learning
problems (Alonzo et al. 2006; Anderson et al.
2010, 2011), using the NCTM Focal Point Stan-
dards to establish the content and performance
expectations used (Alonzo et al. 2010; Nese
etal. 2010a, b). At the time this chapter was writ-
ten, the easyCBM® mathematics measures were
being revised with (a) alignment to the CCSS
for the existing measures and forms and (b) de-
velopment of new items and forms written in
alignment with the CCSS. As in the reading mea-
sures, the same Rasch scaling was used to create
equivalent alternate forms in grades K-z (Alonzo
et al. 2009b, c, d). A series of technical reports
were written describing the process of develop-
ing items, articulating the blueprint and scaling
process as well as the development of forms:
grade 3 (Alonzo et al. 2009¢), grade 4 (Alonzo
et al. 2009f), grade 5 (Lai et al. 2009¢), grade 6
(Lai et al. 2009b), grade 7 (Lai et al. 2009b), and
grade 8 (Lai etal. 2009d). Both students and items
were placed on the same scale using a 1-param-
eter Rasch model; the results showed the average
for items was lower than the average for students
and alternate test forms within each grade had a
mean difficulty (IRT Measure) within 0.20 Rasch
units of one another (Anderson et al. 2011). In-
ternal consistency ranging from 0.78-0.91 was
documented once the alternate forms were com-
pleted (Anderson et al. 2009, 2012a, b). Validity
also has been established (Anderson et al. 2011a,
b, ¢, d).

Additional Technical Adequacy
Considerations

School districts increasingly use technology-
enhanced assessments to identify students
who are at risk of not passing their statewide
assessments. For this application, studies es-
tablishing the utility of the assessments for that
purpose are crucial. Normative performance
benchmarks can provide insights into how a
student’s performance compares to grade-level
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peers (Tindal et al. 2009a, b). A variety of criteri-
on-related validity studies documenting the sen-
sitivity and specificity of CBM assessments for
predicting performance on statewide large-scale
assessments have been published. Such studies
typically include correlational as well as mul-
tiple regression analyses (Anderson et al. 2010a,
b). In addition, it is becoming more common for
assessment developers to report on the diagnos-
tic efficiency of such measures. For example, the
diagnostic efficiency of the easyCBM® math-
ematics measures was determined using a re-
ceiver operating characteristic (ROC) analysis;
ROC analyses were cross validated with unique
samples. In a ROC analysis, classification of stu-
dents (using state test proficiency status) is used
to determine sensitivity (true positive proportion)
and specificity (true negative proportion) of the
screening (benchmark) measures. A ROC curve
plots the screening test’s false-positive rate on
the horizontal axis and sensitivity on the verti-
cal axis for k—1 scores where k=the total num-
ber of unique scores occurring on the screening
measure. Thus, each point on the curve depicts
the sensitivity and false-positive rate for every
score in the range of scores on the test measure
(http://www.ajronline.org/content/  184/2/364.
full) reflecting the reality that gains in sensitivity
always come with increased false-positive error
rates. Area under the curve (AUC) curve are used
as a measure of predictive power. Results indi-
cate that the easyCBM® math measures function
well, with AUC results ranging from 0.85 to 1.00
across grades K-8 (Anderson et al. 2011a, b).

In summary, technology-enhanced assess-
ment systems such as easyCBM® have benefited
from years of research funded by the Institute of
Education Sciences (IES) and, earlier, the Of-
fice of Special Education Programs. Technical
reports are available on the BRT website: http://
brtprojects.org. This ongoing and systematic pro-
gram of research continues to inform refinement
of such assessment systems. In-depth longitudi-
nal study of the measures in use, along with regu-
lar feedback solicited from practitioners using
the measures in their local RTI contexts ensures
continued development and adaptation to meet
the needs of educators.

Strengths of Technology-Based
Assessments

Technology-based assessments offer many bene-
fits to users including increasing the security and
efficiency of data collection efforts, streamlined
processes for sharing results, and savings of time
and money by reducing the need for printing and
shipping testing materials. In addition to these
more obvious benefits, technology-based RTI
systems can offer some more subtle insights, such
as facilitating deeper understanding of student
performance data, fostering a team approach to
meeting student needs, and harnessing the power
of databases to assist in identifying patterns in the
data that might not be so readily observable from
visual inspection of raw scores.

Similar to other technology-based assessment
systems, the easyCBM® system uses secure uni-
form resource locators (URLs), with administra-
tor control of access to data. District-level users
are able to access performance information from
all users in a school district; building-level users
see performance data from all students assigned
to their school, and classroom-level users can ac-
cess data only for students specifically associated
with them in the database. Fluid-grouping fea-
tures enable multiple users to access the data and
form groups for analysis/interpretation without
disturbing other users’ organizational structure.
These features enable a Title 1 coordinator or a
special education professional, for example, to
access student performance records for students
in their caseloads, even when others (e.g., class-
room teachers, instructional assistants) adminis-
ter the tests. Each user is assigned a unique user
name and password (which they can update to
maintain security), and data are encrypted such
that they cannot be viewed except when using
the reports on easyCBM® or exported in comma
separated values (csv) format in preparation for
upload to a district or state student information
system.

Reports on the technology-enhanced assess-
ment systems are designed to provide useful in-
formation to guide decision-making to meet dif-
ferent users’ needs. At the district level, reports
can facilitate discussions related to resource allo-
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cation and program evaluation, enabling district
administrators to document the impact on student
learning of district initiatives and identify areas
of greater/lesser need, and specific skill areas for
which professional development or additional
supports might be needed to enable students to
meet rigorous content and performance stan-
dards. At the school level, reports enable users
to identify specific broad constructs (vocabulary,
fluency, comprehension, mathematics) in which
students are struggling, thus facilitating decisions
related to programmatic and curricular supports.
Classroom-level reports provide insights into the
specific skills students have mastered or with
which they are struggling (e.g., specific letter
sounds, particular objectives within math, or in-
ferential rather than literal comprehension), fos-
tering informed lesson planning based on student
needs. Individual reports enable teaching teams
to monitor the effectiveness of specific interven-
tions for individual students and groups of stu-
dents and provide an accessible and efficient way
to communicate with parents.

One of the greatest benefits of using a tech-
nology-based assessment system is the increased
functionality it provides in terms of tracking stu-
dent responses and providing useful feedback to
teachers and students themselves. Technology-
enhanced assessment systems optimize group-
administered measures for online testing, with
student responses captured in real time as stu-
dents complete the tests, enabling instant score
reporting upon completion of the assessment.
Carefully thought-out systems can enable teach-
ers to track student completion of assessment
items as they are working their way through the
tests, and can provide a variety of reports and
graphs to help teachers interpret student perfor-
mance without having to engage in additional
data entry or recording of student data. Programs
can include detailed reports for students, helping
them track their own progress in specific skill
areas and providing instant feedback on their
performance, enabling them to identify areas of
confusion that would benefit from additional at-
tention in their studies.

Well-designed computer-administered — as-
sessments can also streamline the testing expe-
rience for students, with accommodations built
into the infrastructure such that they can be de-
livered with a minimum of demand on school
resources. For instance, on assessments that do
not target reading, audio files can be embedded
within the website, enabling students to access
a read-aloud accommodation without needing to
be singled out for individual attention or one-on-
one administration. All of the easyCBM® math-
ematics items that include words, for instance,
include a read-aloud option. And, as of January
2014, all easyCBM® mathematics items include
an optional Spanish language accommodation
enabling district administrators to provide Span-
ish language accommodations (both written text
and read aloud) for every mathematics item K-8.
Again, forethought about programming is es-
sential. In the case of the Spanish language ac-
commodation, for instance, it is important that
administrators be able to deactivate this option
in states where Spanish language accommoda-
tions are not allowed, and reports must be pro-
grammed to record whether the test was taken
in an English-only or a language-accommodated
condition.

In addition, with intentional planning and de-
sign, features such as careful use of blank space
to enhance accessibility and attention to the fine
motor skills required of students as they are in-
teracting with an online assessment can be inte-
grated throughout. Such design considerations
play an important role in reducing construct-
irrelevant variance that might be introduced for
students who lack dexterity with the computer or
who have visual challenges, reducing the likeli-
hood that such student characteristics will cause
scores to be artificially deflated. The technology
used in some online assessment systems enables
the measures to be made available as download-
able PDFs. The ability to download the measures
for students who have difficulty accessing them
in their online format facilitates local accommo-
dations to meet IEP requirements and can also
accommodate settings with limited computer ac-
cess. Many online tests can be taken in a single
sitting or administered in shorter segments to ac-
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commodate student needs. When this technology
is included, student responses can be retained
in the system, with the computer automatically
returning the student to the test at the point at
which he/she stopped, if multiple testing sessions
are used.

Ways Technology-Based Assessment
Enhances Decision-Making

Computer-administered assessments offer ad-
ditional benefits in the form of instantaneous
scoring and report generation. When attention is
paid to the need for quick access to testing re-
sults, systems can be programmed to provide re-
ports as soon as students finish their assessments.
Computer-administered assessments can also
streamline the process of providing opportunities
for students to make up tests they have missed
due to absence, enabling teachers to administer
the make-up assessments in a group or individual
setting, based on which provides the most benefit
in a given situation.

Thus, well-designed technology-based as-
sessments can provide criterion-referenced in-
formation (as with the item-level analysis shown
in Fig. 2), individually referenced information
(as in the individual progress monitoring graph
shown in Fig. 4), as well as norm-referenced in-
formation (as shown in Figs. 6—8). Benchmark
screening reports, such as the one displayed in
Fig. 6, help teachers quickly identify which skills
individual students are struggling with as well as
to identify patterns in their classes as a whole.
Usability features such as making the data sort-
able from high to low or low to high by clicking
on the column headers enhance the utility of such
reports. The next section describes a sequence of
decisions that technology-enhanced assessments
facilitate.

Risk Analysis and Group Assignment One of
the initial decisions that need to be made at the
beginning of the school year is to determine who
is at risk for learning problems. For this deci-
sion, benchmark measures are administered to all
students during fixed periods of time (fall, win-

ter, spring). These common assessments allow
teachers to compare students to each other and
determine where they fall in a performance dis-
tribution. Students who are performing below
district-set percentile rank (PR) cut points can
be identified. When a comparatively low level of
performance appears across different measures,
it likely represents an overall need for extra sup-
port, classified on the easyCBM® system as a
risk rating. In Fig. 1, students are grouped on the
easyCBM® fall measures into four groups: (a)
below the 20th PR in all three areas measured,
displayed as red; (b) below the 20th PR in a cou-
ple of measured areas, displayed as yellow; and
(c) not below the 20th PR in any area measured,
displayed with no color; and (d) exceptionally
high performance (e.g., 90th PR) in any mea-
sured area, displayed in green. In the end, a risk
classification is given as high (those marked red),
some (inconsistently red and yellow), or low (few
to no areas of risk). See Fig. 1 for a sample dis-
play of students in a teacher’s classroom.

Group reports help teachers make decisions
about how to organize their students for instruc-
tion. Figure 2, for instance, displays the perfor-
mance of a whole class on the fall reading com-
prehension test. The bar graph highlights the dif-
ference in proficiency in reading comprehension
of students in the particular class, enabling teach-
ers to identify the three students who may benefit
from a more intensive intervention (or may need
a fluency-building intervention to assist in com-
prehension) as well as the seven students whose
performance indicates a need for targeted com-
prehension instruction.

Design of Instruction with Attention to
Detail Widespread access to educational tech-
nology has expanded the universe of possibili-
ties for effective assessment systems in support
of RTI. Some features of technology, in par-
ticular, are worth highlighting as they relate to
assessment considerations. Computers and tablet
devices such as iPads provide opportunities to
capture item-level data that can provide addi-
tional instructionally relevant information, over
and above raw or scaled scores. For instance, it
is possible to use item-level responses, captured
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Benchmark Scores Risk Analysis
2012-2013 | 2011-2012 | 2010-2011 | 2009-2010 | 2008-2009

Fall | Winter | Spring

Reading | Math | Spanish
Grade 2

Students Create Student Groups

Compare WRF

Compare PRF

Student Name
1 Cupp, Mary
2 Bohman, Janett
3 Bemier, Alaina
4 Stice, Franklyn 36 46 Some
5 Ball, Adalberto 40 |2mn 57 Some
6 Wilde, Chi 38t 42 (62nc 93 |39 8 Low
7 Wiebe, Marvis e8tn 64 620 93 [smn 10 Low
8 Wake, Margurite 23 30 28 56 25 7 Low
9 Poore, Christopher o1st g2 &1t 115 |74 1 Low
10 Pitcher, Ross 92nd 84 7 109 |920d 12 Low
11 Nelson, Reatha 57 56 620 93 |12 Low
12| Macy, Rusty a5t 48 33 65 25 7 Low
13| Leiser, Perry 93rd 86 Son 88 74t 1 Low
14 | Fairfax, Marcene 218t 28 24h 53 |74th 1 Low
15 Engstrom, Dariine s4tn 54 |35t 67 |82nd 12 | Low
16 Dimauro, Bobbie 92nd 84 90m 129 s 10 Low

Averages 49 70 8
Individual Measures Risk Ratings
=90 - 100 Percentile Three Tests Risk Two Tests Risk  One Test Risk
=21 o9 Porcatl O Jiow (I Jow [ Jtow
[ ] =11- 20Percentie B Jww [ ]some || some

I = 0- 10 Percentile

B || |some
][ I some

B[ Isome
17 T some

B |some
L_|[|some
B[] High
B Hion

I High

Fig. 1 Group benchmark report

via online test administration, to provide reports
that document specific areas of weakness or
strength for students in a given classroom. Fig-
ure 3, for example, shows a report from one of
the easyCBM® comprehension measures. This
report gives the teacher insight into the need to
focus more on inferential and evaluative com-
prehension than on literal comprehension when

planning lessons, and also highlights the specific
error patterns shown by different students in the
class. Computer programming within the system
enables a teacher to identify patterns in indi-
vidual student responses: When a teacher “hov-
ers” over a student’s name in the list, the name is
highlighted, making it easier for teachers to find
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Reading Comprehension 2_Fall: All Students

o o o~ (=]
I

Number of Students
-9

I 7
3

3

| I I

; 1 .
0-3 4-5 6

1
1 -
-8 9-10 11-12
Score
Students Completed: 16 Min Score: 0.0 Avg Score: 5.9
Students in Group: 16 Max Score: 11.0 Std Deviation: 3.4

Fig.2 Group report on a fall benchmark screener assessment

patterns in student responses they might not oth-
erwise notice.

Intervention Evaluation A key feature of RTI
is the focus on individual students’ response to
interventions. Technology facilitates the gath-
ering and interpretation of such information.
Figure 4 shows a screen shot from an easyCBM®
individual student progress report.

Student scores are plotted over time, enabling
the teacher to evaluate growth across the school
year. Colored lines on the graph provide norma-
tive referents, enabling quick evaluation of the
degree to which the student’s performance is at
grade level (meets the 50th percentile line plotted
on the graph) or falls below expectations (to the
degree that a student’s performance falls further
below the 50th percentile, his/her level of need
can be interpreted to be greater). These indi-
vidual reports also provide a place to record the
interventions a student has received, with the da-
tabase providing a convenient and cost-effective
historical archive of these data, so subsequent

years’ teachers have ready access to the instruc-
tional approaches that have proven effective—or
ineffective—for a given student. The utility of
this historical record that combines details about
the interventions provided and a record of stu-
dent performance over time cannot be overem-
phasized. Without the log of interventions (See
Fig. 5), assessment data are at best, difficult to
interpret and at worst, relatively meaningless.

Program Evaluation for Individuals and Sys-
tems Figure 6 documents an individual student’s
assessment performance history against the back-
drop of the district’s performance on the same
assessments. At a glance, one can see that the
example student Adalberto’s oral reading fluency
in the fall of second grade (as measured on both
the Word and Passage Reading Fluency mea-
sures) was near grade-level expectations, with
scores that placed him at the 45th and 59th per-
centile, respectively, when compared to national
norms, while his performance on the comprehen-
sion measure in the fall placed him near the cutoff
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Easiest to Hardest Items

Item Analysis
Item Type Students Correct
Inferential 4 0of4
Literal 4 0f4
Literal 4 0of4
12 | Inferential 3of4
19 Literal 3of4
14 Literal 3of4
16 | Evaluative Jof4
15 | Inferential 3of4
Literal 3of4
Inferential 3of4
Literal 3of4
17 | Inferential 3of4
Inferential 20f4
Evaluative 20f4
20 | Evaluative 20f4
18 | Evaluative 10f4
10 | Evaluative 10f4
9 Inferential 10f4
11 Literal Oof4
13 | Evaluative Oof4

Fig. 3 Item analysis report to target instruction

point for being identified as at risk in his district,
with a 23rd PR. By the winter benchmark assess-
ment, although Adalberto’s raw scores continued
to improve, his standing in relation to his peers
dropped, placing him between the 27th and 34th
percentile in oral reading fluency and at the 6th
percentile in reading comprehension. This report
can help prompt discussion and problem-solving
on the part of Adalberto’s teachers, as they work
together to put together an instructional plan that
will help him reverse this downward trend in per-
formance.

Technology-based assessments constructed on
a foundation of well-designed databases facilitate
district-level decision-making as well. Figure 7
depicts a school comparison evaluation report that
provides administrators with a wealth of infor-

Percentage Student Names, Incorrect

100%

100%

100%

75% Christia T

75% Denver S

75% Denyse F

75% Christia T

75% Denyse F

75% Denyse F

75% Christia T

75% Christia T

75% Christia T

50% Gall P, Christia T

50% Denyse F, Christia T

50% Denyse F, Denver S

25% Gall P, Denver S, Christia T

25% Gall P, Denver S, Christia T

25% Denyse F, Gall P, Christia T
0% Denyse F, Gall P, Denver S, Christia T
0% Denyse F, Gall P, Denver S, Christia T

mation in a single screen. At a glance, they can
identify the schools in their district with the most
intense need for academic support structures, and
by toggling back and forth between the “Counts”
and the “Percentages” options, they can quickly
gather data that might be relevant to share with
stakeholder groups, including school boards and,
potentially, outside agencies that might offer fund-
ing opportunities to support innovations. The
links on the page enable users to focus on specific
grades or all grades concurrently for content areas.
Users can click on school name to dig deeper into
patterns they want to explore based on the initial
review of the data. Within the Building Level re-
port, district administrators can review the prog-
ress students are making over the year, by class.
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Grade 2, Passage Reading Fluency: Michael

Triunphs
|pouble Dose

g

100

30
o

& & & &* & &
RN _@“’ﬁ\ & & \\(f”‘sh (6"@ (,s'f?& N \cP@fé”
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Triumphs : Triumphs Rdging Skills 30 min daily
Double Dose : Double Dose Reading 2x per week 50 min per week

Fig. 4 Individual student progress report to evaluate instruction

Home | |Students | |Measures Roport-l Account
Reports and Analysis

To view a Group report, click on the name of the group, and all of their active
CBMs will appear below. Select a CBM name to see a summary and list of student scores. Then click "View" to

see any student's actual submission. Select the Individuals subsection for easy one-click access to system wide
data by student. Interventions are now accessible under the Individuals subsection, on the right-hand side of the

table.
Benchmarks - Groups [Nl Ty

Students > Interventions for Mary Cupp

Date Subjects  Label | Description
9/15/2008 | Reading | Tier 2 30 minutes of HM differentiated materials in a small group. Edit | Delete
4
10/6/2008 | Reading | BEST :Omlntm times a week of small group instruction using Soar Edit | Delete
1 i
121112008 | Readi Phoni smadgdmmnaﬂmdﬁﬁa Edit | Delete

' New Intervention |

Fig.5 Detailed log to label and describe instruction for each student
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sanchmats |- o

Students > Adalberto Ball

Individual Graphs Benchmark Performance Benchmark History

@ Show Percentiles

Measures Seasons
Seasons Measures

Word Reading Fluency Passage Reading Fluency Reading Comprehension

Adalberto n—
Fall  agaierto - 59"
45
Adalberto ms
——T

Word Reading Fluency Passage Reading Fluency Reading Comprehension
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[ —| H Adalbeﬂo

Fig. 6 Individual benchmark history report

~ Benchmarks [~ Groups [~ Individuals |

School Comparison Grade/Measure Comparison

All Grades | Grade K | Grade 1 | Grade 2 | Grade 3 | Grade 4 | Grade 5 | Grade 6 | Grade 7 | Grade 8
Reading (PRF|VOCAB|MCRC) Math

Just Colors Counts Percentages

] 2 9 7 2 2 4 3
hod 53 58 30 N * »
1
3 § 10
7 8 10 6 “
= = Lo
F W S F W S F W S F W S

Fig.7 Systems evaluation report with school outcomes
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~ Benchmarks |- Groups |- Individuals
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AllGrades | M GrK, #/Gr1, #Gr2| #Gr3

# Reading ( @ LN| ¥ LS| ¥ PS' # WRF| & PRF| ¥ VOCAB| # MCRC)

WR/ (I SR)

™ All Seasons | & Fall | & Winter | & Spring

[

10

112

Grd4| Gr5| (Gr6) Gr7

Math (- Spanish (

Gr8
§S| () SSEG

Rows By: Grade Measure
Just Colors Counts Percentages

1 4 -1

el

124
Grade K 150 - 167
17
0
28 11 11 0
(e ] G (IEN| L] Gl
F W S F W S F W § F W S F W S
Gr K: READING GrK: LN GrK:LS GrK: PS Gr K: WRF
0 0 20 [ 3 26 27 [ 26 |
a1
137 147 e 127
Grade 1 o ot 15
ss b
- 24
40 E
18 20 12
=] Ce ] : (=]
F W S F W S F W S F W S F W S
Gr 1: READING Gr1:LS Gr1:PS Gr 1: WRF Gr 1: PRF

Fig. 8 Systems evaluation with grade/measure outcomes

Figure 8 displays the grade/measure compari-
son report available for district-level users. Using
this report, administrators can look for patterns in
their overall district performance, organized by
grade level and season, with the ability to select
measures. Color-coding, based on the district’s
preset risk ratings, facilitates interpretation of the
reports.

In summary, well-designed technology-based
assessments can provide norm-referenced infor-
mation like the benchmark screening reports, as
was displayed in Figs. 1 and 2, helping teachers
quickly identify who is at risk, facilitating group-
ing of students to maximize instructional oppor-

tunities. Once these macro outcomes are accom-
plished, further reports can be generated to target
specific skills with which individual students are
struggling as well as to identify patterns in their
class as a whole, providing criterion-referenced
information (shown in Fig. 3) that can be used
to document specific instructional programs
(Fig. 5). At this point, formative assessment can
be used to evaluate instructional programs using
individually referenced information (as in the
individual progress monitoring graph shown in
Fig. 4). After a period of time (perhaps within
each seasonal assessment), programs can be
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evaluated for individuals using norm-referenced
information (as shown in Figs. 6-8).

Reflections and New Directions

The essential features of progress-monitor-
ing assessments, often referred to as CBMs,
have changed very little since the 1970s. Such
measures are still expected to sample from a
year’s worth of curriculum. They are meant to
provide teachers with meaningful information
about the progress students are making in mas-
tering that material. In addition, to enhance their
utility, progress-monitoring measures are intend-
ed to be easy to administer, score, and interpret.
See Tindal (2013) for a historical summary of
CBM.

However, whereas four decades ago, research-
ers deemed CBMs as not requiring any particular
expertise to develop, the increasing stakes associ-
ated with assessment results as well as advances
in psychometrics have significantly altered this
perspective: It is now recognized that the cre-
ation of reliable and valid progress-monitoring
measures requires specialized knowledge beyond
what most public school teachers possess. This
realization spurred the creation of “next-gener-
ation” CBMs, measures created using rigorous
alignment with standards and stringent statistical
modeling (Alonzo et al. 20006). In all of our mea-
surement development, the authors have worked
with expert teachers throughout the country to
develop reading and mathematics benchmark and
progress measures.

Probably the most important advancement
with easyCBM® and other modern technology-
enhanced assessments is the use of IRT (Embret-
son and Reise 2000) during test construction,
which sets these measures apart from more tra-
ditionally designed formative assessments (aim-
sweb and Dynamic Indicators of Basic Early Lit-
eracy Skills; DIBELS). With IRT, test developers
are able to calculate measure difficulty for every
item and then develop forms that are equivalent.
In using IRT, test developers also have been able
to place items and students on the same scale to
also ensure sensitivity to progress. Such mea-

sures stand out for their sensitivity in monitor-
ing growth, the stability of alternate forms, and
the provision of measures suitable to assess the
full range of student skill in critical content areas
from kindergarten through eighth grade.

Another significant difference between easy-
CBM® and most other progress measures has
been the focus on alignment with standards. By
design, items have been built in both reading
and mathematics that are aligned with standards.
When easyCBM® was initially developed, the
National Reading Panel’s report was used to de-
velop measures in reading and the NCTM Focal
Point Standards for measures in mathematics.
More recently, however, new items have been
developed that are aligned with the CCSS in both
content areas. Formal studies of the alignment
between these national standards and the assess-
ments document the measures’ appropriateness
for use in standards-based school systems.

Conceptual Model for Impacting Learn-
ing with Technology-Enhanced Assess-
ments Although scaling and alignment form
two recent innovations into progress monitoring
with easyCBM®, the most significant innovation
is the movement beyond a measurement model
to an instructional model for which progress
monitoring is meant to be used in evaluation

(Tindal 2013). The conceptual model for easy-

CBM® is based on three warrants designed to

optimize RTI:

1. Assumption 1 (measurement sufficiency): Stu-
dents are appropriately placed in long-range
goal material to ensure the measures are sensi-
tive to change: What is the type of measure,
grade level of measure, and the time interval
(density of measures) used during the year?

2. Assumption 2 (instructional adequacy): In-
struction is detailed and explicit, allowing a
team of teachers to coordinate various ele-
ments such as providing an instructional tier
(1-3), allocating sufficient time to teach,
grouping students appropriately, deciding on
the instructional emphasis (alphabetic princi-
ples and phonemic awareness, decoding, flu-
ency, vocabulary, and comprehension), using
specific curriculum (core and supplemental)
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materials, and determining what instructional
strategies to use.

3. Assumption 3 (decision-making): Interven-
tions need to be introduced for low-perform-
ing students when data warrant change. Are
interventions provided at the right time and in
accord with specific data features (e.g., level,
variability, and slope)?

The theory of change in using technology-en-

hanced assessments to drive improvement in

learning is best reflected as the interlocking union
of the three components in a chain: measurement
sufficiency, instructional adequacy, and decision-
making. It is not each link itself that is critical,
but the intersection of the link with subsequent
links. As teachers collect data (from benchmark
to decisions of risk and monitoring of progress),
the data used to inform them need to be suffi-
cient, directed toward instruction, and adjusted
as needed (flexible and prescriptive). Further-
more, this information needs to be collected into

a single database for teachers to monitor their

application of RTI as well as policy-makers and

administrators to use the information in making
systems-level decisions.

Teacher
Professional
Development

Progress Monitoring

The conceptual model is driven by accessibil-
ity as a key ingredient to change: If information
is not easily accessible and tractable, then it is
unlikely to result in use. The theory is also driven
by a holistic approach to change: Changing indi-
vidual components as separate events is unlikely
to change systems. Rather, the whole needs to be
reflected in the parts that in turn need to connect
teachers and administrators. Finally, research in
practice is needed. By using a developmental
process, the influence of all components can be
modeled individually and integrally to establish
optimal influences through a structural model
(Fig. 9).

The combined effects from all three compo-
nents (proximal variables) are critical as well
as the relation between them and the outcome
(distal variables), which is within-year growth
(on benchmark measures), to document change
relative to peers. It is not enough to have only
one of the proximal variables—the right mea-
sures, targeted interventions based on best evi-
dence, and decisions tied to their effect on stu-
dents. All three are needed. However, they need
to work synergistically. And even then, chang-
ing these three components is not enough either.

Instructional
Adequacy
« Tier
Measurement '(I;me Decision-
Teacher Sufficiency A Ertr?ur’l)asis Making
. —»| < Type P * Level
Practice « Curriculum L
* Grade Level . Strate * Variability
* No. [density] 9y « Slope
Proximal
Variables
Stude_nt Distal Fall Winter Spring
Learning Variables | Benchmark Benchmark Benchmark

Fig.9 CBM professional development - teacher change = student learning
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Rather, the effect needs to close the achievement
gap in which students at risk are catching up to
their peers on grade-level performance mea-
sures (e.g., benchmarks). Finally, for systemic
change, data need to be collected on proximal
variables for developing reports on use, allow-
ing for professional development to be tailored
and specific.

Professional Development

Few studies have either documented training re-
search on data-based decision-making (Stecker
et al. 2005) or investigated effects of decision-
making using a single-subject design (Hofstetter
2003). For the most part, training has focused on
administration and scoring of measures rather
than on how to use the outcomes to define critical
components of instruction, integrating diagnosis
of instruction based on decision-making that is
hypothesis driven.

Stecker et al. (2005) documented investiga-
tions (n="7) that used “data-based decision rules”
(with general outcomes) or used a skill analysis
(mastery monitoring). The authors also consid-
ered in their summary whether achievement ef-
fects were found (n=4) or no achievement effects
were found (n=3). In the end, they concluded
training needed to move beyond simple collec-
tion of CBM data to affect student achievement.
Rather, teachers must be trained to use the CBM
measures to evaluate their instructional effective-
ness; when student progress is less than expected,
teachers then must be trained to make program
modifications. They further noted that “raising
goals when teachers underestimate student per-
formance also appears to affect student growth.
Data-management software also emerged as an
aid to teachers in their use of CBM” (p. 803).
Finally, when training included skills-analysis
information, it “helped teachers examine student
performance and highlighted skills for remedia-
tion” (p. 807). The authors concluded that not
only do teachers need training but also the use of
single-subject designs needs to be incorporated
into the research on practice.

Hofstetter (2003) used a multiple-baseline
(across passages) design with a first-grade stu-
dent to investigate instruction and the addition
of reward conditions to improve a student’s oral
reading fluency. Instruction included listening to
the passage being read, repeated reading of the
passage, and an error correction routine; in addi-
tion, a peer-mediated (tutoring) reading session
was included. As the author reports, “The re-
markable aspect of this finding is that the results
were obtained with low-word-overlap passages”
(p. 645). What this means is that when teachers
are trained in a single-subject design, they can
obtain significant results that transfer well be-
yond the corpus of words being directly taught.
Importantly, single-subject design and methodol-
ogy are the foundation upon which RTT rests, yet
the RTI literature is less than rich in empirical
examples and often this literature needs to be ac-
cessed through more traditional applied behav-
ior analysis publications and search terms (e.g.,
Journal of Applied Behavior Analysis or Jour-
nal of the Experimental Analysis of Behavior
using search phrases such as “brief experimental
analysis” or “functional academic assessment”).
In summary, an effective technology tool sup-
porting RTI would include training in the sys-
tematic use of data, content standards covered,
consideration of goals, skills analysis, and data
management systems; it also would include use
of single-subject designs in practice. However,
most RTI training systems have little data on the
effectiveness of the training, even though they
are premised upon the collection of student per-
formance and progress. Another problem arises
when data are collected only at the individual
student level and not on teachers. Therefore, pro-
fessional development and practice cannot be tai-
lored to the areas in which teachers need the most
assistance, whether it is about how to effectively
progress monitor students, how to develop effec-
tive instructional programs, or how to decide on
maintaining or changing programs.

The graphic displays on technology-enhanced
assessment systems can be designed to structure
teachers’ RTI, guiding them to make instructional
decisions, while concurrently monitoring student
progress. To be most effective for systems-wide



Technology-Based Assessment and Problem Analysis

489

application, such systems should also collect
use data, so that policy-makers and administra-
tors can apply the information to fine-tune their
practice, improve the RTI system, and develop
sensitive policies for practice. Presently, most
RTI models operate primarily for individual stu-
dents and on a laissez-faire basis with little feed
forward or feedback in which progress is moni-
tored, instruction is developed, or decisions are
made. Although some research studies provide
evidence of the effectiveness of using student
performance data to assist teachers in providing
interventions with integrity (see, e.g., VanDer-
Heyden et al. 2012), such checks and balances
are not yet standard in assessment systems, pro-
viding rich ground for future development in this
area.

The information on instruction through prog-
ress monitoring is expected to result in improved
outcomes because the entire RTI process can be-
come more systematic with evaluation data for
teachers and students. For teachers, the feed for-
ward and feedback features allow them to not only
focus on the individual student but also to general-
ize in a manner that is likely to make their work
more efficient. Training can focus on aggregated
data within grade levels and measures and then be
broken down in various ways within and across
the three components of measurement sufficiency,
instructional adequacy, and decision-making.

Technology-based assessments can provide
teachers and students ‘“next-generation” infor-
mation through relational databases. For teach-
ers, access can be provided to systematic mod-
els of assessment practices with classroom vi-
gnettes, exemplary practices, and resources that
can be immediately used to develop effective
progress monitoring. Student reports on content
(standards) coverage as well as other aspects
of instruction, combined with progress on both
proximal and distal outcomes can be accessed to
evaluate not only the effectiveness of interven-
tions but also the systematic use of data-based
decision-making. Such information can help
teachers focus not only on how to implement best
practice but also how to interpret information on
student performance and progress. For example,
a teacher could determine how many students are

being monitored on specific measures aligned
with specific standards, grade levels, and time
intervals; how students are being organized into
tiers, time, and groups, as well as specific in-
structional emphases being used (along with cur-
riculum materials and strategies); how well deci-
sions have been made with subsequent changes
in level, variability, or slope. But realizing these
potential benefits of technology-based assess-
ments requires information and professional
development in how to use the information in a
systematic manner.

Enhancement to Training Through Effective
Reports Future directions for enhancing tech-
nology-based assessment training, reports, and
support materials (for easyCBM® and other learn-
ing management systems), should address the fol-
lowing components: measurement sufficiency,
instructional adequacy, and decision-making.

e Information on benchmark performance for
each of the measures should be analyzed and
student performance used to recommend an
appropriate measure type and grade level
for progress monitoring (measurement suffi-
ciency).

e Information on using the progress-monitoring
system for specific students who are at risk
and the number of days since the last progress
measurement for each type and grade level of
measure being used should be computed. This
training could be used to select the student
and the measure so the teacher can immedi-
ately begin measurement with either one-on-
one administration (letter names and sounds,
phoneme segmentation, and word or passage
reading fluency) or group administration
(vocabulary, comprehension, mathematics;
measurement sufficiency).

e Use of benchmark measurement (and assign-
ment to three levels of risk) can be used to
group students by tier and size so teachers can
organize groups with known levels of risk or
ensure students at risk are distributed appro-
priately in various groups (instructional ade-
quacy).

e Instruction/professional development should
be embedded within the system, covering
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such topics as: (a) instructional tier (1-3), (b)
allocating time, (c) defining primary instruc-
tional emphasis (standards), (d) defining
instructional strategy, and (e) providing cur-
riculum and supplemental materials (instruc-
tional adequacy).

e Professional development should be included
addressing using student progress to evalu-
ate the current instructional program, includ-
ing how to analyze for each progress measure
(a) running average (cumulative level) of
performance, (b) average variation (standard
deviation), and (c) slope (displaying the aver-
age growth per week in the measure; decision-
making).

e Annual goals and calculations the discrep-
ancy between current changes and eventual
(expected) performance using the three indi-
ces above with a “guesstimate” of likelihood
(very likely, somewhat likely, and unlikely;
decision-making).

e Information that informs decisions to “change
or maintain” instruction associated with the
number of measures (being used to calculate
the progress) and the changeover (decision-
making).

Approaching the topic of technology-based as-

sessments by addressing warrants from a valid-

ity framework, a markedly different environment
from current practice can be provided. First, the
information can be integrated, using the power
of databases to provide real-time reports draw-
ing from a variety of sources (e.g., student per-
formance data with individual, criterion, and nor-
mative referents; teacher instructional practices,
including curriculum, strategies, intensity, dura-
tion, frequency, etc.; student demographics, en-
abling analysis of impact by various subgroups).
Second, the system can be preventative, in that
teachers may go back and forth between reports
and actions. Third, such reports can tie together
multiple databases for more appropriate reports
on systems functioning targeted at professional
development. This validity framework approach
informs all parts of the discussion related to how
the different parts of the technology-based assess-
ment must work in concert to achieve the results
sought in adopting an RTI approach: enhanced

teacher understanding of data-based decision-
making and improved student learning outcomes.
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