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CHAPTER |

INTRODUCTION

Curriculum Based Measurement (CBM) is an assessment method used by schibol base
personnel designed to provide information about student functioning within the current
curriculum (Shapiro, 2004). These measures provide direct assessment of academic
performance and have been shown to be reliable, repeatable, sensitive to studant gro
and assistive in determining appropriate instructional strategies (8h2@d4). Derived

from student’s current curriculum CBM provides information directly relateldeo t

student and reduce the problem of poor overlap between the curriculum and the test that
is often associated with standardized achievement test (Shapiro, 2004). IiResearc
supports the use of CBM for screening decisions, eligibility decisions, progress
monitoring, and program evaluation (VanDerHeyden, A., Witt, J. & Gilbertson, 2004).
The reliability and validity of CBM has been established through multiple studie
(Allinder, Fuchs, & Fuchs, 1998). In a review of CBM computation reliability etudi
Marston (1989) identified internal consistency for mixed probes of .93; testuetest
reported at .93 for mixed probes; parallel form reliability ranged from .48 to .72; and
inter-scorer reliability was found to be .93 to .98 on mixed probes. CBM math initially

provided lower correlations than other academic areas. Criterion validiglat@ns



were .27 to .67 between computation probes and district criterion referenced tests
(Marston, 1989). More recently, criterion validity of CBM math procedures was found t
be .66 to .91 with problems correct and .77 to .87 with digits correct when compared to
the Math Computation Test — Revised (Fuchs, Fuchs, Hamlett & Stecker, 1991)y A stud
conducted in 2006 also reported higher reliability and validity when examining the
relationship of CBM (computation, concepts/applications, reading) to stanethrdiz
assessments: Pennsylvania System of School Achievement (PSSA), SAT B MAIT-
Stanford Diagnostic Reading Test (SDRT; Shapiro, Keller, Lutz, Santoro, &lintz
2006).The reliability and validity of CBM has been evaluated in numerous studies and
has repeatedly been shown to be at the moderate to very strong level(Marston, 1989;
Fuchs, Fuchs, Hamlett, & Stecker, 1991; Deno, 1985).

Although CBA has numerous benefits and is one of the most common forms of
assessment in the classroom, a number of concerns have been identified which may
negatively impact utilization and interpretation of CBA. A frequently mentionedeconc
with the use of CBA is the potential problem of scoring errors (Fuchs, Fuchangttia
1994). These measures are often scored by the teacher or teacher’s aid whedday |
human error in scoring as well as data entry. Another concern is the time and cost
associated with developing, printing, administering, scoring, and reportingAf C
results. Further teachers also find it difficult to convert systematesament information
into meaningful instructional changes that can be implemented feasibly té
educational programs which typically serve the entire class. It canficaltiior a
teacher to make an instructional change to review subtraction with regroungiveh

majority of the class has learned the skill while a lesser number islstgugdhis is



especially true when the teacher may be trying to finish a program ofutumievithin a
certain time frame. These types of problems are the most often heard ccraddaunt
CBM (Deno, 2003). A study conducted by Fuchs and colleagues addressed the time
commitment complaint with the solution of using computers to develop, administer,
score, graph and interpret results. This study found an average of seven tmmaites
savings by using the computer (Fuchs, Fuchs, Hamlett, 1992). Although the measures are
normally brief, these problems associated with the typical paper adntiaissapports

the necessity of modification in attempt to alleviate some of these problemisnFdot

of these problems could be detrimental for students and teachers and the cost of
developing and printing the probes may make the use of CBM aversive for the school
administrators because of budgeting restrictions. Inaccurate sconigaaao
instructional changes that are not necessary, the time commitment magehdafect

the time the teacher has for instructional time, or the problems could lead toneducta
use CBM at all, despite it's benefits.

In the search for an alternative to the limitations of the paper mode, computer
technology is a frequently used solution (Mead & Drasgow, 1993). Although traditional
CBM is widely used in spite of the above mentioned difficulties, these concerns could be
reduced or even eliminated by the use of computerized versions of CBM. For years
computerized math programs have been used in spite of the lack of empirical support for
this mode of administration. Since time commitment required by the teadrer o the
top complaints, administering the math probes via computer reduces the time consuming
tasks of scoring and entering data to do comparisons as well as reducing ithétpaogs

human error. By using a computer to administer, it is also possible to calesiaits r



immediately, graph class performance, as well as make intra-indiciolorgarisons.

This work can all be performed by the computer and takes little or no teacheotim
complete. The use of computer eliminates the problem of human error in scoring and
provides a uniform scoring system. With any assessment it is necessang tealid
results, especially if these results are going to be used to make impdtteaiti@nal
decisions. The use of computers provides a fast, accurate and inexpensive way to
administer, score, and report CBA results, however before computerized versions of
CBM can be utilized with confidence the reliability and validity must be eskedal.
Alternatively, studies of equivalence between two versions of a test aralrieed®w

the continued use of normative and validity information developed from the paper and
pencil version. This evidence should include similar score distributions and rank orders
of scores for the same individuals from both versions of the test (Pomplun, Frey, &
Becker, 2002).

Although there is a lack of research supporting the reliability, validity and
equivalency of computer CBM relative to paper versions, there has been cdoisidera
literature in the area of test format equivalency for other assessipest Tyest
equivalency refers to when there is no significant difference betweesttess
(Pomplun, Frey, & Becker, 2002). In a review of educational assessments cgmparin
performance on computer forms of assessment to currently establishesqrajmars,
three studies showed higher scores on computer forms, eleven studies found no
differences, and nine studies showed higher scores for paper based testudvisst st

find that the differences in scores between paper and computer forms ardygsmelh



(Clariana & Wallace, 2002; DeAngelis, 2000; Hargreaves, Shorrocks-Taylor,
Swinnerton, Tait, & Threlfall, 2004).

In order to use the alternative method of computer based CBM it is necessary to
establish that it can reliably and validly sample student performandeough research
has provided support for adequate validity and reliability of Math-CBM (Fuchs, Fuchs
and Courey, 2005) when administered in paper form, no research to date has established
the reliability and validity of a computer based form of CBM. In a sefistudies the
authors have attempted to begin the search for these answers. The firsbstindyc
establish the reliability and validity of a computerized CBA/M program by cangp#
directly to its supported paper equivalent. Both the computerized and paper vers®ns we
found to be reliable across multiple administrations. Further a .80 correlasfound
between the means of the paper test and the means of the computer test. The paper score
were found to be consistently higher (Duhon, Wong, & Mesmer, 2007).

This study seeks to determine if a computerized CBM procedure as reliale, vali
and equivalent. Further three modes of administration will be compared and dé&erenc
will be evaluated using a Multivariate Analysis of Variance. It isdtlgesized that
computerized CBM will be a reliable measure. It is hypothesized thatwiiebe
differences between the three modes of testing. It is also hypothdsir ukt
relationship between paper and computer CBM will be increased as visuatigimila
between formats increase. Finally it is hypothesized that computer penfowél

effected by the grade level which a participant is currently in.



CHAPTER Il

REVIEW OF LITERATURE

Although in recent years there has been movement in the teaching of mathematic
towards emphasizing problem solving skills rather than computational competésce, it
reasonably argued that a foundation in computational skills leads to successeaslbf
mathematics (Shapiro, 2004). The field of school psychology develops and produces
practitioners with the skills to fulfill a variety of roles. School psychdatsgare trained to
administer a wide range of psychological assessment, intervention, preverditn, he
promotion, program development and program evaluation. It is their goal to “promote
positive learning environments within which children and youth from diverse
backgrounds have equal access to effective educational and psychologicakgervic
promote healthy development” (Fagan & Wise, 2000). School psychologists have
specialized training and experience in both education and psychology. As outlined
recently by Layton and Lock, Curriculum based assessment is a assgasoedtire
that fulfills partial requirement as set may the law No Child Left Behinidhv
corresponds closely with the new Individuals with Disabilities Educationowepnent
Act (IDEA; 2007).

This review of the literature will include the history of curriculum basedsassents, the

technical adequacy of these instruments and the limitations of these instlument



Common uses of the instruments will be explored and well as recent
developments and new uses. Further, computers as the solution to the limitations of
CBA/CBM will be covered with considerable evidence of this solution being stigcess
for other instruments. Finally the logical path leading to the current stilidyew
explained while not excluding information about possible beneficiaries of the faading

There are three terms that are prevalent in the education literaturegati to
curriculum measurement: Curriculum Based Assessment, Curriculum Based
Measurement, and Curriculum Based Evaluation. Curriculum Based AssesSBAint (
is a broad term used to describe any and all assessment activities tuatsanected
using a student’s instruction materials. It was developed in the 1970’s to provlertea
with a quick, accurate, and simple way of evaluating if their students haddeahat
was taught. This approach emphasizes direct, repeated measurement ofaa adeyatc
area. Probes for each academic area are developed and used to collecthdata on t
student’s performance (Witt, Elliot, Daly, Gresham, & Kramer, 1998). Malfigims of
these tests may be created and then administered to evaluate fluencicamosoénd
accuracy. A mastery criteria is set using the average or typical lexehedian
performing student is the class and the agreement of an assessment tdemdtehc
special education teacher, typically). Criteria that are nationalipexior locally
normed may also be used. Curriculum assessments can be and have been used as part of
multidisciplinary assessments, Responsiveness to intervention (RTI), deealopim
local norms, and for classroom use by teachers. Curriculum-Based Assassaneng
used as an effective, efficient and accurate model of special educationrdewaging. It

is used in five main areas of decision making: screening and referring, isgtgrm



eligibility and classifying, planning programs, monitoring progress and mogify

programs, and evaluating programs (Cundari & Suppa, 1988). A variety of administrators
use curriculum assessments including teachers, specialty teacheds psychologists,

and other school personnel.

Curriculum Based Measurement (CBM) is a more precise form of CB&alt i
method designed for teachers to use in monitoring student progress and to assist teachers
in improving student’s academic performance. CBM consists of a standardizet forma
and procedures and provides a technically strong assessment system for school
psychologists, special education teachers and administrators (Allidgrs, and Fuchs,
1998b). CBM originated as part of the Data-based Program Modification model. This
model targeted the students in special education by detailing a process gqiragiegs
monitoring data to make educational programming decisions. It was designed to help
special education and resource teachers improve their academic interventwdsr ko
evaluate whether this model measures what it claims to measure dyddaded study
was conducted through the University of Minnesota Institute for Research mngea
Disabilities (IRLD; Deno & Mirkin, 1977). The research demonstrates ¢laahers were
more effective in developing interventions when using such a model (Fuchs, Fuchs, &
Hamlett, 1989). Some common uses for CBM have been screening, referral, and
identification for special education services (Shinn, 1989), program evaluation, and
reintegration of students with disabilities into regular education classr@dhmsler, et
al, 1998b;Tindal, 1992). In CBM, the teacher or school psychologist uses standardized
administration and scoring procedures in which the student is presented with isiealt, ti

probes. The probes used are typically single skill probes. Therefore for edemic



area and within that academic area each separate skill would be assdissahily.

The fairly agreed upon distinction between CBA and CBM is that a CBA is often a
collection of all the skills a student should learn within a grade and their perfamanc

the measure tells the teacher what areas the student needs to improve on. CBM, on the
other hand are measures of a single skill or skill area such as addition withoupnegr

or subtraction with regrouping to tell the teacher the level at which the stadent i
performing that specific skill.

Curriculum Based Evaluations (CBE) as defined by Deno in 1985 is any set of
measurement procedures used to gather information that may be used fooeducati
decisions. These procedures use direct observation and a student’s performance in the
local curriculum. This model of Curriculum-based Assessments as proposed by Howel
and Morehead (1987) suggests that students be tested over the subcomponents of
instructional tasks. The results assist in the design of the intervention bfyidgrekills
that are missing from the student’s repertoire (Howell & Morehead, 19&houild now
be obvious that these three distinctions of curriculum assessment are veay anuiére
often only distinct in the way the results are used or presented. There is @biside
research in the area of curriculum assessments and a review of thétyediaivalidity
iIs necessary when proposing the use of any assessment procedure.

Reliability of CBA/CBM

In general, CBM has been found to be a psychometrically strong procedure,
making the reliability and validity of CBM a distinct advantage for school psgglsis.
CBM’s technical adequacy has been established through multiple studiessaverss

years (Fuchs, Deno, & Marston, 1983; Marston, 1989; Tindal & Parker, 1991). While



there are many studies to support the technical adequacy of CBM, the studiegehat ha
investigated CBM-math have found lower but still adequate and consistent itedsbil
and validity (Marston, 1989). Math probes may include single type problems or multiple
type problems. Specifically, the problems may also be computation or application
problems. Test reliability is when a test’s observed scores correlatg Wigh its true
scores (Allen & Yen, 1979). Three common methods are used to estimate thktyeliabi
coefficient: test/retest, alternate forms and internal consistersy-rétest reliability

refers to the stability of test scores over time. Therefore the degree to whstlgaven

at one time correlates with the same test given after a period of timessas palternate
forms reliability refers to the extent to which two different but equal fahtke same

test correlate with each other. Reliability can be expressed as taatorr coefficient
between the observed scores of parallel tests. Another term for parédiées @so

alternate forms test reliability. Alternative test forms are w®gbstthat have be developed,
making the effort for them to be parallel, that typically have similaresecm@ans,

variances, and correlations with other measures. The correlation betweerdisseres
on the alternate forms estimates the reliability of each form aswétle how parallel the
tests are. This is obviously one type of reliability that this project focuséseothe
reliability of a paper test compared to the alternate form computer test)yFnternal
consistency addresses the degree of homogeneity of the items of a test. io bader

high internal consistency all the items of a test would be measuring thesasteict
(Kazdin, 2003). In the area of CBM Reading, technical adequacy has been well
established (Deno, 1985, Shinn, 1989, 1998); and more recently the technical adequacy

of CBM math as well. Some studies conducted, have found high inter-rater agreement

10



(.97), high 1 week test-retest reliability (.87), and moderate alternaterétiability (.66)
have been demonstrated for CBM-Math (Tindal, Marston, & Deno, 1983). Another study
found high alternate form reliability (.91) but somewhat lower inter-scgreeanent
(.83) (Thurber, Shinn, & Smolkowski, 2002). Five types of reliability are reported in a
summary of computation studies. Internal consistency was reported as .93ddr mix
probes; test-retest ranged from .78 for division-only probes to .93 for mixed probes;
parallel-form (as known as alternate forms) reliability rangenhfr48 to .72; and inter-
scorer reliability ranged from .93 to .98 on mixed probes (Marston, 1989).
Validity of CBA/CBM

While it is necessary that a test reliably measures what it redietieto measure, it
is also essential that a test be found to show validity. This section describes t# conc
of validity and discusses the validity of CBA and CBM. Validity is the degree tdwehic
test measures what it claims to measure. There are three majooftypédity: content
validity, criterion-related validity, and construct validity. Content valis the extent to
which a test measures the content of the intended area. Content validity can be
subdivided into item validity and sampling validity. Item validity deals withdegree to
which a test’s items are relevant to the intended area. Sampling validgywdtathe
degree to which a test measures the total content of the targeted area. Cadtgnisval
established through a rational analysis of the content of a test and does not require
statistical calculations (Allen & Yen, 1979). For example in the case ofta@ for
third grade math skills, the test would have content validity if it sampled all skilte

learned in third grade. It is determined by expert judgment using a prodeskinfj at
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the proposed test and comparing what is taught and what is tested. When these $wo thing
coincide, there is high content validity (Gay & Airasian, 2003).

The second major type of validity is criterion-related validity which is
demonstrated when the test score produced is related to some criterion. Afeedfamp
this would be when the results of the CBM correlate highly with teacher assigkss g
In this case the behavior that the test scores are used to predict (i.e. dasamired
grades) is the criterion. Criterion-related validity may be caiegmias predictive or
concurrent validity. Predictive validity refers to the correlation between easume and
the future performance on another criterion or measure. Concurrent validity involves
examining the scores on a test and comparing them to another established test or
criterion. To establish concurrent validity it is important that both tests be gitiein
the same time frame (Gay & Airasian, 2003). Concurrent validity is thethgpenost
closely describes the purpose of this research study since theilgdras yet to establish
computerized curriculum measures as a valid alternative form of measufenyeager
and pencil CBM.

Curriculum based assessment and curriculum based measurement procedures are
designed to show how a student is performing currently. By using the measures
repeatedly it is used to show growth. When comparing CBM to commercial math tests,
there were correlations exceeding .60 while a moderate correlation of .48unddor
the Problem-Solving subtest and .54 with the Math Operations subtest of the
Metropolitan Achievement Tests (MAT). Examining the validity of CBM-mattualy
was conducted using computerized CBM-math procedures and Math Computation Test-

Revised (MCT-R) and reported criterion validity at .66 to .91 for problems correct and

12



.77 to .87 for digits correct. Correlations were also found for the computerized CBM-
math and concepts of Number (NC) from and Math Computation (MC)subtests of the
Stanford Achievement test. This investigation reported correlations of .49 to .88 for NC
and .55 to .93 for MC (Fuchs, Fuchs, Hamlett, & Stecker, 1991). These studies produce
as compared to another criterion measure. This type of validity is vital to ewvgltret
usefulness of a new assessment. However, the third type of validity is nestessary

for this purpose.

CBM has also been shown to have good construct validity which is the degree to
which a test measures the theoretical construct it was supposed to medsaré& (Y¢n,
1979). A study by Shinn and Marston (1985) demonstrated construct validity for CBM
math procedures. They found that students could be differentiated among regular
education, Title I, and Special education at grades 5 and 6. By distinguishimgietw
these groups of students with differing characteristics, construct validgyestablished
in this case. There are two types of construct validity: convergent and diveatjdity.
Convergent validity is when a test correlates well with other tests betlievaeasure the
same construct. Divergent validity is just the opposite. For a test to haveetitverg
validity it should not correlate well with other tests that are believed tourgeas
unrelated construct. A study focusing on construct validity found that CBM-Math
correlated highly with measures of basic math facts (r =.82) and modevétely
measures of math computation (r =.61). However it correlated less welnedsures of
math applications (r =.42; Thurber, Shinn, & Smolkowski, 2002).

CBA/M has established reliability and validity through multiple studiebr(@ér,

Fuchs, & Fuchs, 1998). CBM math initially provided lower correlations than other

13



academic areas. Criterion validity correlations were .27 to .67 between ctiorputa
probes and district criterion referenced tests (Marston, 1989). More receitdlyoc

validity of CBM math procedures were found to be .66 to .91 with problems correct and
.77 to .87 with digits correct when compared to the Math Computation Test — Resised
(Fuchs, Fuchs, Hamlett & Stecker, 1991). A study conducted in 2006 examined the
relationship of CBM (computation, concepts/applications, reading) to stanahrdize
assessments: Pennsylvania System of School Achievement (PSSA), SAT 98 &MAT-
Stanford Diagnostic Reading Test (SDRT; Shapiro, Keller, Lutz, Santoro, &dlint

2006). Testing was conducted three times a year: Fall, Winter, and Spring. The
correlations between CBM-math computation and PSSA ranged from .51 to .53 for
Winter and Spring time periods with all correlations being significapt &01.

Correlations between CBM-math concepts/applications and PSSA ranged from .56 to .64
for Winter and Spring, with all correlations being significant. The SAT-9 sdovery

strong correlations with CBM — computation and concepts/applications for Véimder
Spring again (Shapiro et al., 2006). These findings are consistent with another study
which compared CBM to state assessments for students with a learninitgisabi

(Helwig, Anderson, &Tindal, 2002). Using discriminant analysis Helwig et al. (2002)
was able to predict with 87% accuracy which students would meet the state math
standards through the use of CBM math probes. Further, Shapiro et al. (2006) examined
the predictive power of CBM math and reading on PSSA and found correct classificati
rates of 66% to 85%. These studies support the use of CBM probes to predict
performance on state assessments and to monitor classroom progress both oewhich ar

important aspects of instructional planning (Shapiro et al., 2006).
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Use of CBA/CBM procedures

Over the last decade CBA procedures have received a considerable amount of
attention in the empirical literature as a reliable and valid measaeadémic skills.
Currently there are two studies that address the use of, daily practice titades
toward CBA use in professional practice. Members of the National associatiechiool
Psychologists (NASP) were participants for a 1990 study in this arearBleses
reported that 46% of respondents used CBA procedures in daily practice with 18%
reporting high and consistent use. In a follow up study using the 1999-2000 membership
of NASP, researchers conducted a similar analysis. It was found in the folldudyp s
that 54% of respondents use CBA procedures on a daily basis and now 32% indicated
frequent use (Shapiro, Angello, & Eckert, 2004). This data demonstrates a moderate
increase. However it should be noted that CBAs are still consistently in use and the
frequency of their use by professionals is increasing.

CBA is used to answer certain questions with regard to a child’s performance
such as what does the child know, what can he do, how does he think, what is his
approach to a task that is unknown, and finally what should the teacher do now. It is
important to know the child’s ability level to help him learn at a level that is most
beneficial for learning. A child performs a task that is typically drasmfthe
curriculum and his performance is compared to that of peers his same age.

Although CBA/CBM has a long history in the literature there have been some
recent advances to make the use of CBA/CBM procedures more beneficiahgrsea
and school psychologists. Technology has been employed to provide teachers with graphs

of progress and a skills analysis to guide instructional planning. A anticiCBA is

15



that while it identifies the skill deficits, it does not provide interventions to addhe
problem (Shapiro et al., 2006). Essentially it tells what is wrong but not how to fix the
problem. Monitoring Basic Skills Progress (MBSP) developed by Fuchs, Haamdtt
Fuchs is software version of CBM. This program was normed on 12,000 participants,
including a 5% population for children classified as having a learning disabuity.
MBSP math, the student takes the CBM probes via the computer weekly which provides
the teacher with two scores: an overall competence of the skills assessedivaddal
skills mastery scores. The program also automatically graphs studgress and
analyzes that progress with regard to the goal as set forth by thert§dukéype of
skills analysis has shown strong treatment validity. Experimental studigsreng
treatment and control groups have found significant effects when using the skiisanay
and expert systems in reading (Fuchs, Fuchs, Hamlett, & Ferguson, 1992), spelling
(Fuchs, Fuchs, Hamlett, & Allinder, 1991, and math (Fuchs, Fuchs, Hamlett, and Stecker,
1991). Teachers that use these systems are found to use a diverse set of teaching
strategies, have the ability to reteach both wide range and specific cartgpohe
instruction, and attempt to increase motivation in students (Fuchs, Fuchs, & Hamlett
1994). The reliability and validity of the skills analysis was investigatingyming
reliability for math of .83 (problem type by problem type agreement at differastery
levels with one week intervals) and a validity correlation of .73 (skill by akalysis
correlated with the median scored graphed; Fuchs, Fuchs, Hamlett, & Allinder, 1989).
Limitations of paper CBA/benefits of computer

Although CBA has numerous benefits and is one of the most common forms of

assessment in the classroom, a number of concerns have been identified which may

16



negatively impact utilization and interpretation of CBA. One of the most frequentl
mentioned concerns with the use of CBA is the potential problem of scoring errors
(Fuchs, Fuchs, & Hamlett, 1994). CBA measures are often scored by the teacher o
teacher’s aid which may lead to human error in scoring as well as data &ntegually
concerning issue with CBA'’s is the time and cost associated with develppimting,
administering, scoring, and reporting of CBA results. These types of proatertise

most often reported complaints about CBA/CBM (Deno, 2003). Although the measures
are normally brief, the teacher must develop a probe, multiple alternatefwrms
repetition, print the probes, administer them, score them, and enter the results into a
graphing program or a program designed to give a skills analysis (Fuchs, Rdchs a
Courey, 2005). These tasks can consume a considerable amount of teacher or
administrator time. When using traditional psychological tests to ads&h®ic in the
schools, there are personnel assigned almost exclusively to those taskisdak. sc
psychologists, educational diagnosticians). Therefore, one limitation to tzatiditi of
CBA is that it makes the teacher responsible for student assessmengeattiahmay

not be well received by teachers. CBAs also require time and a considenabiet &f
work to compare students within the class and to other classes. It is for tlseses that
teachers who already have significant demands on their time may not feet atdyg

feel overwhelmed by the added responsibility. Other areas of assessmetiaickbace
similar issues and found computer administration as a viable solution. It has dyevious
been demonstrated that the use of technology to administer probes can greatly reduce
teacher time (Fuchs, Fuchs, & Hamlett, 1992).

Computer/paper equivalency

17



With the consideration of the limitations associated with paper CBA/CBHM, it i
necessary to investigate other more efficient options. An assessment caamngke m
forms: paper, oral, or computerized. The use of computers in assessment has grown
rapidly during the 1980s and 1990s while the use of computers in the schools has also
increased rapidly. In 1992, 3.5 million computers were found in the schools (Allinder,
Fuchs, & Fuchs, 1998b). However, this increased to 8.6 mikiported in 1998, which
is an increase of over 150%. Since then, the number of instructional computers in schools
has grown by approximately 15% a year.

There are a number of explanations for this increased growth of computer use in
schools and for psychological assessment. The increase in caseloads fordmioan s
providers coupled with budget cuts for social programs certainly played a r@680f
school psychologists surveyed, 72 % reported they used computers in their assessment
procedures and even more reported the intent to use computers in the future (Allinder,
Fuchs, & Fuchs, 1998a). After a through review, Mead and Drasgow (1993) reported that
clinical instruments, personality scales, job attitude surveys, and cogestgeate just a
few of the psychological tests that have been computerized. The transfempigst&om
assessment provides the following advantages: ease of administration, reginasgl tr
requirements, faster scoring, fewer scoring errors, and fewer opportémiteseating.
Although reliability has already been briefly discussed it is necessagytth discuss
“alternate-forms reliability” because the topic is key to any disensggarding
computerized forms of testing. While literature has not addressed the equivatlence
paper and computer CBA/CBM measures, the equivalence of these two modes of

administration have been evaluated for other tests. Test equivalencyoeftisn there
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is no significant difference between test scores (Pomplun, Frey, & B@€Kt). For
example, a meta-analysis of the paper and pencil versus the computerized GRE fou
that the verbal and quantitative abilities measured by both types of asseastbe

same. When developing the Hamilton Anxiety Scale, it was found that the computerized
format correlated very high (r = .92) with the traditional paper format (Altietal.,

1998a). In yet another comparison, the computerized and paper formats of the Myers-
Briggs Type Indicator were found to have high correlations (r = .84 to .86; Allinder et a
1998a). Similar to the studies just mentioned, there have been a number of other studies
comparing paper and pencil forms to computer forms of various tests. Curriculech Bas
Measurements for math and writing are often performed using paper/pemat fohile
reading CBMs may take the form of oral or paper/pencil. There is also heeeitire
regarding CBM facilitated by the computer. In 1990, Fuchs, Hamlett, and Fuchs
presented computer software designed to facilitate CBM probes calleitbkitay Basic

Skills Progress which includes Basic Math, Basic Spelling, and Basicrigeadis

program is designed to present information to alert the teacher of problem aréashin w
changes in instruction are needed and to inform the teacher of the need to goatase

for students performing above goal. For math and spelling the program atés ¢ine

overall growth and acquisition of each skill for each child. Computerized CBMdesti

for math normally consists of a computerized presentation of mixed math probbems fr
the year’s curriculum. Spelling requires that a person dictates words dngéudents

type them in to the computer. Reading entails the students reading a 400 word gassage
the computer that has every seventh word deleted and replaced with a drop down multiple

choice or performance with oral reading fluency. In oral reading fluendysocoimputer
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the teacher may click on the missed words as a child reads and click on therthsad
when the time has elapsed. All probes use short time limits that vary by skaider gr
ranging from 2 to 5 minutes. The results can then be viewed by the teacher anggraphs
developed that compare the actual progress to the desired goal progress.

Support was found for using computerized CBM with skills analysis by using
three groups of teachers: CBM with graphed analysis, CBM with graphedKilss
analyses, and no CBM. This type of study was conducted for both spelling and math. It
was found that teachers using computerized skills analysis were bettén adapt their
curriculum to the students needs and produced higher achievement than the CBM with
graphed analysis and the no CBM groups (Fuchs, Fuchs, Hamlett, & Stecker, 1991,
Fuchs, Fuchs, Hamlett, & Allinder, 1991). The above study also addresses some
important criticisms that have been found with regard to curriculum based testing. As
mentioned, problems are the time consumed by administering, scoring and fimgrpre
the testing. The time commitment of the teacher using CBM is one of the toprteache
complaints. Another study directly addresses the amount of time saved by using
computer administration. The study randomly assigned teaches to two groupst one tha
collected CBM data in all areas and scored them by hand and the other adedi@ste
scored the measures by the computer. The researchers observed a timaeg@vings
minutes per student by using the computer rather than the traditional method. When
carrying even a small case load of twenty students that are measuredeeide, a
teacher can save up to 5 hours a week in administration and scoring duties by using the
computer ( Fuchs, Hamlett, Fuchs, Stecker, and Ferguson, 1988). This is a considerable

amount of time savings.
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There have been studies to compare paper and pencil and computer forms of
various other tests and there have been computer programs designed to admaonister, sc
and interpret curriculum based measures. However, there is a lack of resatrch t
directly compares paper and pencil forms to computer forms of curriculum base
assessments for math fluency.

Paper-based vs. Computer-based Administration

There are a number of things to consider when attempting to develop and evaluate
a new form of test such as technical adequacy, item construction, and form decisions.
The new form of interest here is the computerized form of curriculum basesdragse
of math fluency. Research indicates that there have been an array of findings whe
comparing paper and pencil forms of tests to their computerized equivalentafgplex
for Mathematics and English CLEP tests, the paper based scores werdtagthbe
computer based scores. The same was found in a study of fighter plane silhouédtes whi
DeAngelis (2000) found higher scores on computer based tests than paper based for a
dental hygiene course unit midterm examination (Clariana &Wallace, 2002 \ér,
other similar studies found no significant differences. In a review of educational
assessments, three studies showed higher scores on computer forms, elex® fostudii
no differences, and nine studies showed higher scores for paper based teasttidviss
find that the differences in scores between paper and computer forms areyyenethl
However, the effects of these differences may be large for a paréxalaninee.

Individual differences studied include content familiarity, computer fantylja
and non-competitiveness (Clariana & Wallace, 2002). Other individual difference

evaluated are gender, race and age. In a 1993 study, white males perfornnexh bette
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computer delivery of the Graduate Record Examination (GRE) while malasother

racial groups excelled on the paper format. There were no differences fouieichédes.

In this particular study there were also no differences found for formarenee or

computer familiarity. As well, a study combined factors of individual diffees: content
familiarity, computer familiarity, competitiveness, and gender in the atratuof paper

and computer modes of a general computer knowledge exam. Researchers found that the
only factor that differed was content familiarity (Clariana & Wadla2002). There has

been support for the completion time differences between paper and computer
administered tests. Some researchers found the computer tests werdezbfagter

while others found that they took longer for people that demonstrated minimal computer
skills and finally computer tests were found to take longer on the first adntioistoat

not on subsequent times (Bodmann & Robinson, 2004). Perhaps the most supported
explanation for test modes differences is the lack of flexibility that swsputer based

test provide. Studies have been conducted to examine score and speed differences
between modes. Bodmann and Robinson used random assignment with undergraduates
that were familiar the interface to investigate score differencespaed slifferences of a

test of educational psychology. Tests covered content in the educational psycholog
course and contributed to the students grades. The Computer based test used Activelnk
and presented items one at a time in a multiple choice format. The CBT opathtdtew
following characteristics: items can not be reviewed or changed; itemothe skipped

or returned to later. Half of the students took PPT and the other half took the CBT for the
first test, this was reversed for the second test. Both tests were tineaetfioindividual

student. For the test scores there were no difference between the PPT and ti{g3}BT, t
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=.04, p = .97. The test times did show a difference of four minutes, the PPT being
longer, t(53) =3.95, p <.001. A follow up experiment was conducted to examine the test
time differences with the hypothesis that the flexibility of the PPileased completion

time. A different educational psychology class served as the participahis to t
experiment. A total of three test were given, using these three moded:.date,

scroll’(all items presented at once, most similar to PPT); “one at timsitt@étems

presented one at a time, but could revisit and change answers before subastitimd

one at time, no revisit’(same as experiment one). All students receivetesamode

and the order was counterbalanced. Repeated measures ANOVAs were conducted
showing no differences in test scores, F(2,114)=0.77, MSE = 6.76, p=.46. Differences
were found for test times, F(2,114) = 12.24, MSE = 1346.5, p<.001. Post hoc Fisher LSD
test identified one at a time, no revisit was on average 2.5 to four minutes fastdetha
other versions. Interestingly, this study suggests that decreasedifiex@isults in faster
completions times and no difference in scores with relation to a more flessblnat

could be considered to simulate PPTs (Bodmann & Robinson, 2004). In summary, there
have been evaluative studies of paper and computer mode effects on a wide range of
tests. Studies demonstrate that the findings vary as much as the tests do. This could be
related to the type of test, the format changes necessary to convert thatest
computerized format, or to the content of the test. While there have been studies to
evaluate many other tests, to date there has not been a study to evaluaferémeetsf

and potential reliability and validity of curriculum based measures for matimistaned

by the computer.
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There are a number of potential variables that may account for the differen
between computer and paper curriculum-based measures. Response tinie tteders
amount of time it takes to respond without any other intervening variables such as
problem solving or generation of answers. This ability may be differeegfdr
individual and therefore interfere with the time it takes them to respond. This respons
time is also affected by the familiarity of making that type of respansl motor skills.

For example, a child may have very little exposure to computers and therefore their
response time may be slower due to unfamiliarity with the keyboard. Convershiyd
may have difficulty with motor skills and as a result their response tithepencil and
paper responding may be slower. Another possible cause for differences ircectaes

be automaticity of the task being performed. Some groups of students havingndéfere
in the instruction received or the amount of instruction and practice time recelved wi
differ in their ability to produce answers rapidly. When discussing alesfaanhs of tests
especially alternate modes, it is vital to address presentation styleallypiaper and
pencil forms of CBA/CBM math are presented in a row and column format with about
40-60 problems per page. There is also the ability to skip problems and go back and
change answers. In the paper presentation the respondent has the abilitylyosasual
multiple problems at a time(clusters of problems). Some advantage could be probposed i
the respondent has the ability to solve the multiple problems at a time or begin solving
the next problem in the cluster while writing the answer to the last problem. Degendi
on the computer format chosen one or more of these may be options or none of these
abilities may be available. The presentation of the problems is also oftenedliffThe

problems may be presented one at a time (each problem is presented individually and an
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answer must be given to move to the next problem), in scroll format (all problems ar
presented vertically and responder can scroll up and down the page, responses may or
may not be changeable), or in columns and rows (identical to the paper format, but curser
moves from one to the next with the possibility to go back and change answers or with no
correction allowed). For the CBAs and CBMs, it is common practice to use a random
generation program to develop probes regardless of the mode used. In these mieasures, t
problems presented are not typically performance dependent. Consequently, thegroble
are chosen and presented randomly from a pool of items regardless of respense styl
There are a vast number of ways a probe could be presented and all of thesadéacto
to be considered when comparing modes of testing and specifically evaluatthgmwhe
computerized curriculum measures are psychometrically sound.
Computers as the solution

Reportedly many professionals use forms of curriculum based measures to
evaluate progress, achievement level, or instructional knowledge. Therefore, i
beneficial and necessary to have an effective, quick, and accurate meansctihgathis
information. There are a number of problems with the paper and pencil forreadyalr
mentioned. A fast, reliable measure of math performance will assist inutunnic
planning. For example, a teacher may determine that it is necessarytoréaew the
concept of subtraction with regrouping by looking at the scores of her class anghat
This measure could also be useful in identifying possible referrals or imilatey
problem areas for a particular student. For example, timed math probes niegrb® @
class with one covering each type of problem that should be learned up to this point. If a

student or group of students show lower than average score in a particular areagit may b
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possible for the teacher to provide them with a simple intervention to bring them up to
speed with the rest of the class.

Using paper and pencil probes to do this has the potential to introduce a number
of problems that could be reduced or eliminated by the use of a computerized measure of
math performance. In order to use curriculum based measures an individual mugi devel
and copy multiple versions of the tests, this can be time consuming and costly. By
administering the math probes via the computer, the time consuming tasks af,scorin
entering data for comparisons and the possibility of human error can be reduced. By
using a computer to administer, it is also possible to have immediate results,ajrinehs
class, and intra-individual comparisons rapidly. This work is all performed by the
computer and takes no teacher to complete. This can be accomplished using some of the
computer programs available such as MBSP, keeping in mind that they first should be
validated. The computer also establishes a record to be used to show progréss, assis
referral identification, and to show completion of accountability standards. Risysty
stated CBM is used for a variety of functions so a discussion of the benedictins
solution should be discussed.

Beneficiaries

The benefits of CBA/CBM procedures have also been demonstrated for the
process of classwide screening and as an extension the method by which Resgsnsivene
to intervention can be initiated. An approach currently used may be to screen all students
of a school in the three basic areas, math basic facts fluency, oral réadmy fand
comprehension, and written expression. This process could take approximately 30 to 45

minutes per class depending on the number of skills being measured. This procedure ca

26



establish a number of comparisons used to determine educational modification or
individual intervention needs. In reference to the use of classwide screening RFI
model, programs have used these methods as a preliminary step to begin the three tier
model. This may be conceptualized as assessing all of the children in the school to
establish school wide norms to use in determining the students meeting fortdiier 1.
Examples of actions taken at tier 1 include classwide intervention or simple, quick
individual or small group intervention conducted by teacher. The progress during either
intervention would typically be monitored through CBA/CBM procedures focused to the
particular skill that is lacking. As one can see the use of CBA/CBM procednckits
variations is vast therefore the evaluation and analysis of its meritsranesl. Further

the methods mentioned inherit a number of disadvantages found to result with the use of
CBA/CBM procedures (VanDerHeyden, Witt, & Gilbertson, 2007).

As eluded to with the classwide screening discussion, while there are vagsbenef
in the use of classwide screening for educational planning, response to intervention
teams, and accountability, there are also disadvantages to the conventional use of
CBA/CBM procedures. For all the advantages discuss thus far, the use of the compute
administer, maintain records and graph results is a logical solutionw@lascreening
can be time consuming and require extra staff and specialized trainiadf &b st
administer. The same issues for scoring, production, and establishing resallts are
relevant with classwide screening as well. Universal school widenscgeleas recently
become more widely used. An example of this is Screening to Enhance Educational
Performance (STEEP) (VanDerHeyden, Witt, Naquin, 2003) which is an evidenced

based model for improving services to all children and reducing the need for special
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education and other special services. Considering that all instruction is not eigual, it
necessary to determine if a student is a normal learner but has not recequeteade
instruction. STEEP uses a process by which a child must pass through gatestm loeder
evaluated. These gates are designed to rule out children that are low-eyforhow-
achieving but do not actually have a disability. Giving a full evaluation gpitatly
done after a teacher referral is a lengthy process. STEEP through use gfatiessor
screenings, which take less than a hour, has reduced the referral rate tolealissby
33% and for minorities by 50%. STEEP has been found to be more reliable than teacher
referral. In 406 cases, teacher referral was correct only 19% of the hitectve STEEP
process was found to be correct 53% of the referrals (in saying a child haseanprobl
when the child truly did have a problem; VanDerHeyden, Witt, & Gilbertson, 2007).
Teachers were also less accurate in identifying children who did not hasfelenpr
Special education placement is most common for the category of Learning
Disablilty(LD), students with a LD constitutes over half of the spedactation
population. The most frequently used model currently involves giving a student an
intelligence test and an achievement test and determining if there is@ diseeepancy
between where a child should be performing as expected by his intelfecictadning.
Environmental factors should be ruled out but the tests given do not provide this
information and it is too often not collected or incorporated (VanDerHeyden &Witt,
2005). By giving these tests it is not known that the child’s teacher is providing
inadequate instruction, that the child has missed a large number of days tlaisd/ear
therefore missed necessary instruction, or that the child had poor instructionlé&st the

two years. These assessments are child-focused and negate the myoeapilkelation of
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the child’s performance, lack of instruction (VanDerHeyden &Witt, 2005). A prabose
alternative to this model is Responsiveness to Intervention (RTI), a forchalizéel of
eligibility evaluation through STEEP and continued intervention and monitoring. The use
of the computer for administration, scoring and interpretation would also savaftime i
type of a process. In 2004, President Bush signed into law the Individuals with
Disabilities Education Improvement Act which differs from the previous law in one
important aspect. Previously practitioners were encouraged to use the €¥&ubint
discrepancy model for Learning Disability (LD) eligibility detenation. Now the law
provides for practitioners to be able to use alternative methods to determinditgligibi
(Fuchs & Fuchs, 2006). Responsiveness to intervention(RTI) is the idea that stuglents a
identified as LD when their response to effective interventions is drathatelow that

of their peers. The main assumption that supports the use of RTI is that it is able to
differentiate between two explanations for low achievement: poor or lack afanstr

and LD. Since this model focuses on the student’s ability to perform at the saresle
their peers, curriculum assessments are often used to determine the stéwsblevel

and to compare to the individual’s performance in order to establish a critenvamdiy

the individual can be evaluated for inadequate instruction or a LD (Fuchs, 2003). The use
of computers to administer curriculum assessment as suggested could be bémeficial
practitioners in their use of RTI. Computers could be used to administer intervemtens
assess progress as determined by the practitioner. For exampla)dfia below their

peers in the area of math and particularly in their ability to quickly answeiopsly
instructed material. Then their fluency could be increased and checked asmguater

program designed for curriculum-based assessments in the area of math. Compute

29



programs could be adapted or developed for a wide range of abilities and interventions.
By using computers in their administration, practitioners would experiencanhe

benefits as mentioned above such as decreased scoring time, decreased development
time, automatic graphing, and easier comparisons. Screenings as mentionedebove a
also used as an entry level procedure in some state and school districts. A large number
of educational systems use some type of screening prior to entering schdwrand t
throughout. It is necessary for these screenings to follow certainigeslé avoid some

of the pitfalls often found when screenings are used. These screening progrash®shoul
used to determine if a student might need special services or further ievaldetermine
levels of entering students to allow the teacher to plan the appropriate currianthm
identify those that might benefit from early interventions. Both of the modelsanedt
above, STEEP and RTI meet the requirements for following these guidelinds whic
include: chose appropriate goals, match assessment to goals, use psycibnsetnicd
assessments, incorporate research findings, include input from caregigieraturalistic
observation, insure that appropriate follow-up assessment is ordered and that program
evaluation occurs(Rafoth, 1997). RTI and STEEP are two programs that are watkly us
and are increasing in use. Curriculum-based assessments are appropsatacording

to the guidelines outlined by Rafoth and the use of computers to administer ttelse wi
given assessments would make the task more effective and efficiergfdé?ratiand
screening programs are essential to the education system and provide n#ity toe

the students served by these programs. These programs and many others wbuld bene

from the use of computers to administer curriculum measures.
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A study conducted comparing paper forms of unit tests in an introductory
psychology class to a non-adaptive computer test designed to be equivalent. The
computer test in its design addressed some of the common criticisms of cordppteda
tests such as review questions, change answers, skip questions, and return to previously
answered questions. Results showed that test scores were not signifi¢eardntdi
between the computer-based test and the paper tests. This study also atltFesse
concerns of computer familiarity by administering computer attitudessunes. The
results of these measures indicated that the participants were tadnigf@nd confident
in their abilities on the computer. There are two important points to consider when
interpreting these results in relation to the current study: 1) The tesb Wasbmpleted
(completely) in thirty minutes which is a longer time period than the current stud
utilizes. 2) This study did mimic the design ideas that the alternative canhqumet
will in the current study following the APA guideline that computer tests shoalader
test takers the same opportunities that paper tests do (Mason, Patry, &IBeBU£1).
The researchers of the current study have completely a series o$ stuithis area.
These studies support the rational for the current study and show logical cootirfati
the literature in the area of computerized Curriculum based measurememtiti&he i
study sought to evaluate computerized Curriculum Based Measurement using the
procedures as set forth by Deno (1985) and Shinn (1989). Using a single basic hsath skil
(addition), participants were administered multiple randomly generated paper a
computer CBMs. The study also evaluated response time as a covariate. R&spons
refers to the ability to write or type numbers without the confound of calculatitial Ini

correlations of the multiple measures for both modes resulted in high internateoogi
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(paper & pencil = .951, computer = .894) suggesting that both types are reliable
measures. Within the regression model, the multiple correlation coefficier(t863)
indicates a strong relationship between the two assessment types. Tlueecheifi
determination, indicates that about 78% of the variation in computer performance is
explained by the model and the addition of response time using the computer accounted
for little of the variance. The regression model resulted in an equation fortprgdic

paper performance given computer performance (paper = 1.413 x computer -8.107)
indicating that although reliability and concurrent validity indexes were high,
performance was consistently less when utilizing the computer. The nexirsthe

series utilized the computer program to evaluate the progress effeutnediate

feedback. Immediate feedback is only an option on the computer and can not be provided
in the paper mode which makes this a distinct advantage of the computer mode. This
study replicated the findings of the first study by evaluating the rigyabi the paper

and computer forms of CBM. It then through twenty practice sessions (totalgzarts

were divided randomly between the groups) evaluated the growth of each of three
formats: paper, computer no feedback, and computer with feedback. All sessions were
conducted according to the guidelines as set forth by Deno (1985). The skill used with
subtraction from 18 because this skill was one that all of the children had been wlentifie
as needing improvement. Immediate feedback was administered on the top of the
computer screen in a sentence format stating whether the last answerreetsar

incorrect and then the correct response to the problem. For the problem 18 — 4, if the
child answered incorrectly the computer response would read, “That is inch8ecd =

14. If the child answered correctly, the computer response would read, “Thaeis,cor
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18 — 4 = 14. Also if the answer was correct the text would be presented in green and if
incorrect the text would be red. Results of this study were interpreted ad prete

posttest scores to show growth. All groups were administered the paper and computer
pretest and posttest. The growth on the paper posttest was 28%, 9%, and 11% for paper,
computer no feedback, and computer feedback, respectively. On the computer posttest
growth was 34%, 39%, and 49%, respectively. This data would suggest that growth was
greatest for the computer with feedback group when tested on the computer. Wd4tken test
on the paper the growth was greatest for the paper group. There are some spesulation a
to why this is the case. There may be two components accounting for the gremith s
accuracy and fluency of automatic calculation and motor response. To say it arathe

by practicing on the computer a student may increase accuracy and fluencylaiticsl

and motor response of pushing numbers while practicing on the paper results in an
increase in accuracy and fluency and motor response of writing numbers. Terefo
without the practice of writing numbers when presented with the task of writing neimbe
as opposed to typing them the group that has practiced that skill will be superior. This
study also found similar results for the reliability and validity of the comizet®ICBMs.

This suggests that there is some factor affecting the computer whidis radaiver
performance.

One factor that has been suggested in the literature is that of visual presentati
and more restrictive response options for the computer versions of tests. When Mason et
al. found no significant difference between the paper format and the computat &dr
multiple unit test for introductory psychology it was using a test that wagrasl to

include the options that a paper tests has as equally as possible. Theserdimsact
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include seeing multiple items at once, changing answers, skipping probtems, a
returning to past items. The current study seeks to use this concept aotia fatiits
direction.

The purpose of the current study is to evaluate the reliability and validity of
computerized CBM. The reliability of multiple versions of a basic skills probe&oin
mode will be a replication of the first study conducted by the authors. Thifuxthier
support the reliability of computerized CBM by replicating the previous stuiltyawi
different mathematics basic skill and a different age group. It is alsgpofiamce
considering previous findings that an effort be made to modify the computer farmat i
attempt to increase the equivalence of the two measures. This has beepliabhedrby
providing the computer format with similar characteristic as the paper anid fpemet.
Considering these results, the concurrent validity of computerized CBMgaih de
evaluated with the addition of the evaluation of a new computer format and its emtcurr
validity with paper CBM. The new computer format includes more similar clesistats
as the paper and pencil format.

The questions being asked through this study are as follows: 1) Is computerized
CBM, Computer Paper or FlashCard, a reliable measure of performancemn basi
mathematics skills for elementary students? 2) Are there significéerteti€es between
the three modes of administration (paper, computer paper, flashcard)? 3) Hayedizes
level affect the differences in performance between modes of adminis?ration
It is hypothesized that both Computer Paper and FlashCard modes of computerized CBM
will be reliable measures of basic mathematics skills. It is algothgsized that the new

Computer Paper mode of computerized CBM will correlated more highly with the paper
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and pencil CBM. The Computer Paper format will reflect greater concwaédity with
paper and pencil format. Finally it is hypothesized that grade level wirditfially

affect the differences found between modes of administration.
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CHAPTER IlI

METHODOLOGY

Participants

Participants were third, fourth and fifth grade students from generadtemiuc
classrooms in an elementary and intermediate school in a rural public schaadl distr
Students from 5 third, 4 fourth and 5 fifth grade classes were solicited forpaitio in
the study by means of consent and assent forms for parents and students. Stddents a
their parents who returned a signed informed consent were included in the study (See
Appendix A, B for consent forms). All participants were treated in accordange wit
standards approved by the University Institutional Review Board for odsedth
human subjects.
Materials

Computer based and traditional paper based versions of a multiplication probe
were developed for use in this study. The computer based probes were designed to
provide a mechanism for administering math probes via the computer to large groups of
students at one time. The computer based probes also allowed for automatedaredculati
of performance and input in a database for quick, efficient analysis. The paper probe
consisted of multiplication fact problems with products to 81 presented in a vertical
format. The multiplication problems consisted of randomly generated numbers foom O t
9 presented as multiplication fact problems in a vertical format using ati’Exce
spreadsheet. Each student responded to the multiplication problem by writing the answer

below the presented problem in a space provided. The spreadsheet was created in such
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a way to allow generation of multiple versions of the probes. There were twongeos$i
the computer multiplication probe. Both computer based multiplication probes utilized a
web based Javascript program that randomly generated multiplication prettems
products up to 81. The generated problems were presented vertically and input from the
keyboard (using either the number pad or the main keyboard numbers) was ndoessary
respond to the generated problem. In the FlashCard version of the computer probe, the
problems were presented one at a time, with the next problem being presenteteonly af
a response is provided. This version would not allow for a responder to skip problems or
return to problems once they had been responded to. This form was referred to as the
FlashCard version. The other version of computer probe presented problems in rows and
columns similar to that of the paper format. Problems could be navigated by mouse or
arrows keys but the cursor would automatically move to the next problem after a
response was given. This format provided respondents the ability to skip and go back to
problems. This format is referred to as the Computer Simulated Paper versioer A t
and a data collection mechanism that allowed for the transmission of student pederm
to a secure data base was built into both web based programs. The multiplication facts
were basic skills that the participants had previously been or were currangy be
instructed upon.
Design of the Study

The current study was designed to examine the differences between method of
assessment of curriculum based measurement administration. To accomplible this, t
study was designed to examine performance as a within subject varicdlsdall

participants received all methods of assessment. The study also exdmidédtetences
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that might be accounted for or altered by the change in grade status. Thgratte was
the between subjects variable and had three levels: third, fourth, and fifth grade.

The dependent measure for this study was digits correct per minute as afresul
the two minute probes completed. A correct digit was determined by the number of
digits being written or typed under the line in the correct place value. For exdorpl
the multiplication problem 4 X 5 = the correct response was a 2 first and then a zero for
the response of twenty. This response would result in a score of two digits cartbis fo
problem. The number had to be in the correct order therefore 0 then 2 is incorrect. In this
case a score one digit correct could be obtained by having either the two or thetzero i
correct place value and another number in the other place holder.

Procedure

This study assessed students on multiplication performance as measurpdrby pa
and pencil and two versions of computerized probes. The student was administered three
each of the multiplication probes to allow the researcher to establish therenass
reliable. Prior to implementation of the study, researchers met fanmgyaession to
familiarize themselves with the programs and the equipment. Reseasitesis a
guestions and were provided with feedback. During the study, students were randomly
assigned to a seat in the computer lab. Researchers directed students tatsheir se
Instructions were given as a group to the students to clarify the procedures (Xppendi
script). Participants were asked for questions and researchers cheakedeistanding.
Probes were administered in a convenient randomized order. Three paper and pencil
timed single skill probes consisting of multiplication problems, three FshC

computerized timed single skill probes consisting of multiplication problems
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(http://fp.okstate.edu/duhojgand three Computer Simulated Paper computerized timed

single skill probes consisting of multiplication problerhg://fp.okstate.edu/duhohg

were administered. Computation probes were administered in one of six sequences
(ABC, ACB, BAC, BCA, CAB, CBA) with paper and pencil being represented by “A”,
Computer Simulated Paper based being represented by “B”, and Flash@alrthdiag
represented by “C”. The participant’s sequence assignment was posted arktbe ba
their chair to aid researchers in administration. All assessmentsweengitiutes in
duration. For assessments requiring paper, the administrators placed prelos\viadn
front of the participant. Participants were asked to write their first ahddase on the

back of the paper. They were then instructed on how to complete the worksheet and
asked for any questions (See script in appendix C). The administrator then existinect
participants to begin and they flipped the paper over and completed the problems
provided. After two minutes the participants were told to put their pencil down and hold
their paper in the air to be picked up. Assessments requiring computer adtronistra
were accessed via the web. With the assistance of the researcheti¢hmapts

accessed the program to begin administration. At the appearance of thelfilestpor

set of problems the students began responding to the problems. Participants were
automatically stopped after two minutes when a THANK YOU screen which
automatically appeared on the computer screen. No feedback about performance
occurred at this time. After all probes were administered, students wargeckto class.

All participants were pulled out of their class as a group for 30 minutes to an howr. Ther

was some variation in total time commitment for students due to the number of students
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that participated in their class. The time variations were due to increéasedeeded for

researchers to direct students to the next method of assessment with edasger
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CHAPTER IV

FINDINGS

This study was 3x3 mixed factorial design. Students who performed at less tha
an 80% accuracy level were eliminated from analysis to prevent the iaterenf
accuracy on the results. Presenting the results before elimination providéd ims
how inaccuracy affected fluency performance on the various modes.

It was hypothesized that both Computer Simulated Paper and FlashCard methods
of assessment for computerized CBM would be reliable measures of basimatatbe
skills. Correlations were calculated to evaluate test-retesbityiaof the computer
administered CBM probes for each method of assessment of computer. As a comparison,
correlations were calculated for the Paper because it is considered to badaedst
method of assessment. Correlations for the Paper averaged .87 and ranged from .82 to
.93. Correlations for the Computer Simulated Paper averaged .92 and ranged from .89 to
.94. Correlations for the FlashCard averaged .93 and ranged from .92 to .95.
It was also hypothesized that the new Computer Simulated Paper of computeried CB
would be correlated more highly with the paper and pencil CBM. It was suggedted tha
the Computer Simulated Paper format would reflect greater concurrentyvafiti

paper and pencil format than the previously tested Flashcard format. Finadky it w
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was hypothesized that grade level would differentially affect the diffessfozind
between formats of administration. A 3x3 split plot factorial (repeated nesasuas
employed to test for differences between the three formats of asse$sn@BM. Grade
level represented the between subjects variable and had three levelspahirdand

fifth grade. The method of assessment represented the within subject vanidlalso
had three levels; Paper, Computer Simulated Paper, and FlashCard. The dependent
variable was fluency performance measured by digits correct on each prabe. Thi
statistical analysis was used because the design required repeatecseia similar
type. This analysis accounted for the multiple error terms and adjustée f@peated
measures. Due to the significant elimination of subjects that resulted friomifg the
80% accuracy rule, the sample was examined prior to elimination first. There wa
significant interactionF(4,260) = 6.41, p < .0042= .09, such that participants
performance on the assessments varied based on grade level and assessatent for
There was a main effect of grade, F(2,130) = 75.53, p < 188128, such that fifth
graders obtained more digits correct than fourth graders and fourth gshtsered more
digits correct than third graders. There was also a significant rfieact ®r format,
F(2,260) = 49.19, p <.004°= .54, such that there were significant differences between
performance on the various formats. Due to multiple level of each variable, it was
necessary to examine simple effects and simple contrasts to determottioa of the
significant differences. Significant differences were found for aldlgs between all
methods of assessment with the exception of two comparisons in the third grade. A
comparison of paper to computer simulated paper for third graders yieldgdf@ance

of p =.077. A comparison of computer simulated paper to flashcard yielded for third
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graders yielded a significance of p =.753. Table 1 displays all simple ¢sranais
Figure 1 shows the performance of all grades with regard to format.

In order to observe the effects of inaccuracy in this analysis those students who
were less than 80% accurate were eliminated from analysis. Fifty stwaerst
eliminated due to inaccuracy. A significant interaction was demonstrated, F(%4,160)
4.65, p = .001y?= .10, such that participants performance on the assessments varied
based on grade level and assessment format. There was a main effadepfF(2,80) =
33.17, p < .001y%= .36, such that fifth graders obtained more digits correct than fourth
graders and fourth graders obtained more digits correct than third gradeeswakealso
a significant main effect for format, F(2,160) = 44.84, p <.00%, .45, such that there
were significant differences between performance on the various fornugt$o Enultiple
levels of each factor, it is necessary to examine simple effects and sonpiasts to
determine the location of the significant differences. Significant diffesen@re found
for all grades between all modes with the exception of two comparisons. A ceompairi
paper to computer paper for third graders yielded a significance of p =.080. A
comparison of computer simulated paper to flashcard yielded for fourth gyeeldex] a
significance of p = .067. Both of these almost reach significance indi¢h&ihthe
performance on the three methods of assessment is often significantigrdifesgardless
of grade. Table 2 displays all simple contrasts and Figure 2 shows the perfoahalhce
grades with regard to mode.

For third grade, means for performance are as follows: Paper(22.31),
Flashcard(11.11), and Computer Simulated Paper (16.53). For fourth grade, means for

performance are a follows: Paper(42.38), Flashcard(35.84), and Computer SIimulate
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Paper (32.84). For fifth grade, means for performance are as follows: Paper(73.85),
Flashcard(63.65), and Computer Simulated Paper (57.72). These means reflect students
that met criteria for accuracy. See Tables 1 and 2 for complete meanghfanblysis of

all students and all accurate.
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CHAPTER V

CONCLUSION

The study of different formats of curriculum based assessment that emetigur
being used is essential to provide support for their use. Children are referred for
assessment and intervention with a variety of educational difficulties. Ttheciien
provided by teachers is just as varied. It is helpful to be able to assess grolifdren
quickly and to have confidence that the results are concise. It should be noted that
computerized curriculum based assessment is currently being used icepbattiacks
uniformity and norms as well as empirical support for its use. As stated previoeisly
benefits of using the computer to administer assessments in the case ofuwrarbased
measurement include efficient administration, uniform administration, rapidts, and
interpretive assistance.

The current study employed a 3x3 repeated measures design to examine the
differences between formats in math curriculum based measuremenipBats were
multiple classes of third, fourth and fifth graders at a rural elementdrintermediate
school. One hundred and thirty three students participated with parental consent. Due to
high rates of inaccuracy, analyses were completed for all children indlutiesistudy
and then again on all students who performed above 80% accuracy. When the elimination
of the inaccurate students was complete, fifty students were eliminaisdtiidy was

designed to answer three main questions: 1) Are computerized CBM, Computer
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Simulated Paper and FlashCard, reliable measures of performance on blasmatias
skills for elementary students? 2) Are there significant differencesebatthe three

modes of administration (paper, computer simulated paper, flashcard)? 3) How does
grade level affect the differences in performance between formatsnafiatration?

First the data suggested that the two computerized formats demonstrated strong
concurrent validity with the paper format. Concurrent validity refers to wheraaureeis
strongly correlated with a measure that has been previously validated. tNifitethe
case, there are significant differences between performance on enéotimnats of
administration as well as the three grade levels. The computer fahattgere

developed and used for this study were not found to be equivalent to paper and pencil

method.

While the data were different when comparing the all subjects versus only the
accurate participants, most of the comparisons did reach significance. Thardfae
examination of the assessment methods is necessary to support the use of iz@thputer
assessment in its variety of capacities. Significant differencemeféormance were
found for both assessment method and grade level. There was also a significant
interaction between assessment method and grade level. As a result simpéects
and simple comparisons were performed to pinpoint the location of the differericies wi
the levels of assessment method and grade level. When examining the pairwise
comparisons, significance varied slightly for the two analyses. For thgsenalcluding
all children, all comparisons were significantly different with the exoepif two: paper
to computer paper and computer paper to flashcard for third graders. For thesanalys

including only accurate children all comparisons were significantly difterith the
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exception of two: paper to computer simulated paper for third graders and computer
simulated paper to flashcard for fourth graders. See Table 3 and Tableadrfase
comparisons. Regardless of accuracy levels of the participants, mostoftparisons
reached significance. When examining the means, there is important indoravih
regard to directionality. See Tables 1 and 2 for complete comparison of meamns. Whe
looking at accurate students, third graders performed higher on paper meesures t
either computer measure. This may indicate that students that are in yretaeges of
learning a new skill will be less able to generalize their skills to ammilidia mode. For
fourth graders there was significant difference between Flashcard apdteom
simulated paper performance. This difference may be due to an increadgdabili
generalize skills to computer performance for fourth grade with som@atiom of
performance on the computer simulated paper mode. These explanations are simply
speculation and more research is needed to examine the reasons for theseekfia
performance across format and grade.

This study did indicate that computerized CBM is systematically cetatpaper
CBM. All three formats demonstrated excellent reliability and could be oseskess
progress. The computerized format is especially teacher friendly fos @sscaeening
tool due to its quick administration in groups and efficient and accurate scoring and
graphing of results.

While further research is necessary to determine the cause of diffefennd in
this study, some possibilities may be speculated. Due to the slight increbfferences
between format as the education level increased, it could be suggested thaecom

familiarity played a factor. Since there is not a standardized measwmpiiter

47



familiarity for children, this construct may be difficult to assess. Inipus research,
response time was examined in attempt to test this theory. In that spdpse time
accounted for only 2% of the variance between a paper format and computer flashcard
format (Duhon, Wong, and Mesmer, 2007). It can also be extrapolated that fluency may
influence differences. This could be examined at multiple ways, as childrendetan®
fluent the differences in mode increase, as fluency increases on the papgre(prac
method of choice) differences between paper and computer modes increase, srthere i
difference between the nonmathematical abilities required to comipéetask fluently.
There may also be stimuli that are present when completing a computerizealwonr
based measure that are not present during paper administration. Assuming that the
majority of children have been exposed to paper administration more frequently tha
computer administration, there is reason to hypothesize that children haveadcreas
familiarity with paper administration stimuli. These possibilitiesidd be studied in
additional research.

Even though, the computerized measures were not equivalent to the paper mode
there are important implications. Each assessment method was reliatherafiore any
of the modes could be used as a method to monitor fluency and measure growth. Further
research should be conducted to evaluate the computerized forms for sensitivity t
growth. Using computerized administration instead of paper is beneficial due to
conservation of resources. The resources conserved would include paper, teadoer time
administration and teacher time in scoring and evaluation. Additionally, the
computerized modes after examination of rank ordering could be used for screening

individuals who need fluency intervention and progress monitoring. Rank order was
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maintained in the present study, i.e. regardless of mode the students performed in
approximately the same rank order for each class. This can be an importémusmin
identifying students who are in need of additional intervention for certain skills. F
example, a school may decide to implement an additional program to insure that all
students can perform at determined level prior to state testing. Using esingaiCBM,

a school can efficiently screen the entire school and select the lowestrped five

percent in each class to for intervention. Following the intervention the scimoagamn

use screening to evaluation effectiveness of the intervention and insure thasses cl
meet requirements. An individual teacher may follow the same concept to identify
children of more individualized programs for any number of skills within her curriculum
To make the current results more helpful, a future step in this area of heseaitd be

to attempt to identify and eliminate the differences between the paper and eomput
mode. Differences may include the physical differences that are requiredicimpe

using each mode. In elementary school one of the first skills taught is how to hold a
pencil and then how to write using that pencil, crayon or marker. While advances in
technology have promoted increasingly earlier introduction to computers, the method of
choice for academic work remains the pencil. Therefore the pencil modeabirgiost
familiar. The question now is how much practice it will take to eliminate thaqatys
practice effects that make paper different than computer. This concejbietipdysical
response of paper is faster than the physical response of computer is puzzling to som
since the response of pressing a key seems to be faster than writing a numbeAbr tw
closer examination, when a child is not familiar with a keyboard finding a numbeo or tw

on the keyboard may take significantly more time. To examine another physical
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difference, the process necessary to enter an answer on the computeioreateald the
response time. There is a visual change that has to take place: the child mustHeok a
computer to see the problem then must look at the keyboard to find the number to answer
the problem. Whereas in the paper format, the child is able to continuously look at the
paper to identify the problem and respond. There are also likely a multitude of other
differences that will need to be examined and if possible eliminated betwegrmothe

modes.

A limitation of this study is that the researchers were unable to collecofiat
computer experience which may have been helpful in understanding differences in
performance. There were also some computer malfunctions which resultedhildsien
being eliminated from the study due to incomplete data sets. Limitatiorer¢hsypecific
to the computer paper mode are that the students were required to enter the muabers i
certain order that they may not have been used to resulting in errors that magthave
been true errors. Additionally for computer paper the students had to tab or used the
mouse to move from one problem to another if they did not enter the correct answer to
the previous problem. This may have caused delays. Finally the skill chosen fardiis s
may have been too advanced for the subjects used and using a skill that was known to be
introduced to all students may have yielded different results. This lasdtloniis
unlikely due to the differences found for the fourth and fifth grades of this studyibat it
variable to consider in future studies.

Future studies may include changes to the current computer formats. A change
that may be helpful in eliminating differences in the flashcard format inclnd&sg the

program so that children are able to skip when they don’t know a problem rather than
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having to enter what they know is an incorrect answer to move on. Changes for the
computer paper format may include larger problems or practice with the commeer pa
format to increase familiarity with format. Future work needed in thi afreesearch is

the development of norms for a computerized format. Developing computerized norms
would eliminate the need to demonstrate equivalence of computer and paper pedormanc
as well as support the use of computer assessment for CBM which is alreaayiae pra
The effect of practice using computer formats is another area that would frenefit

future research. A study may look at the amount of practice necessaryit@agithe
differences between a computerized format and the paper format. Thds lveolélpful

in determining if practice with a computerized format for two weeks would thdmecaa
teacher to use computers the measure progress throughout the year. In thisscospia
other computer assessment with their own paper format, some studies have also
compared computer skill assessment to the performance demonstrated on dizséahdar
assessment. In some cases these studies have been able to suggest a pyeafictabili
performance on standardized measures based on computer performance. These two
research ideas should be considered for future studies. Finally as statedgbydtie use

of rank ordering may be beneficial in identifying students at-risk and in need of
intervention. A study demonstrating these benefits would greatly contribute to the

computerized CBM literature.
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Appendix A: Consent Letter

Parent Permission Form
Research Project title: Three modes of Delivery for Curriculum Bassbsiiement
Math

Dear Parent,

This form is to request permission for your child
to participate in a research study conducted by Cassie Wong, a doctoral student from
Oklahoma State University. The research project will take place at

Elementary during regular school hours. Your child will be taken out of class for
approximately 30 to 45 minutes on one day the . They will be
taken to the computer lab where they will be asked to complete several math etsrkshe
similar to the ones they have completed in regular class. The workshéetnsist of

all simple multiplication problems. They will also be asked to complete the sq®@ of

math problems on the computer. The purpose of this study is to evaluate the equivalence
of paper and computer administration of curriculum based measures for mathudyhe st
includes two different formats of computer administration to determine the most
equivalent format. Your child or yourself can withdraw your child’s partimpaat any

time during the study without any penalty.

Your child’s teacher will be informed of the results of this study to assst tn their
instructional planning with your permissidifyour child’s results are included in any
research reports, his or her name will not be included in the report. In fact, no imdarma
that would result in your child being personally identified such as the school he/she
attends or the state or town where he/she lives will be revealed. Everynéifog made
to maintain the confidentiality of the data obtained from this study. The data will be
housed at Oklahoma State University and only the Principal Investigator andetixehes
assistant working on the project will have access to it. Data collectedireggour

child will be stored in a locked file cabinet in the Principal Investigatorseoffurther,
these data will be entered into an electronic database on a computer thavagass
protected program. Specific access to data within the computer will also bemhss
protected and will only be available to the Principal Investigator and tbaross
assistant working on this project.

If you have any questions please contact Cassie Wong (405) 614-1428 or Dr. Gary
Duhon (405) 744-9436. If you have questions about your rights as a research volunteer,
you may contact Dr. Sue Jacobs, IRB Chair, 219 Cordell North, Stillwater, Ok 74078,
405-744-1676 orb@okstate.edu

Yes, | give my permission for my child to participate in this study and for
researchers to share the results of this study with my child’s teachestructional
planning purposes.

Yes, | give permission for my child to participate in this study but do not give
permission to the researchers to share the results of the study with n's/telaitdher.
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No, | prefer that my child does not participate in this study.

Parent signature Date
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Appendix B: Assent Letter
Child Assent Form

Research Project title: Three modes of Delivery for Curriculune@adeasurement
Math.

Principal Investigator: Cassie Wong
Phone Number of Investigator: (405)614-1428

Read the following sections to the student.

Purpose:
| want to see how well you can work multiplication problems.

Procedures:

Children who patrticipate in this project will be working math problemghe computer
and on paper. You will be working multiplication problems. This projeittinelude you
completing several worksheets. You will be working some problemiseocamputer and
some on paper. You have two minutes each time to working as mangmsobbrrectly
as you can. Please try to do your best work.

Risks:
My working with you will not change what you and your teacher dirdaave planned,
so all that will change is that | am going to be asking you to work some math problems

Alternative Procedures.

You do not have to be involved in the study if you do not want to. You oprastany
time you want. You do not have to do anything that makes you feel uncomfortsiale. or
No one will be upset with you if you say “no” or if you say “yasd then change your
mind. You can change your mind at any time.

You have been told about the study.
You have been told that you do not have to do any of the tests if you do not want to.
You have also been told that you can stop any time you want, even after you begin.

| agree to participate

Signature of Child Date

Signature of Person Reading and Obtaining Consent Date
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Appendix C: Script

I nstructions for computer and paper math probes s multaneously

1. Direct students to previously randomly assigned seats as they enter the room.
Orders of administration will be posted to the back of their seat.

2. Pass out and allow student to review and sign assent. Retrieve assent forms and
check for signatures. Inform students that if their order starts with hayAill
be doing paper first and if they have a B or C first they will start on the cemput

3. Say, “ ‘A’ students, | am passing out a worksheet, it will consist of mixed
mathematics problems. Please leave it face down and write your number on it. ‘B
or C’ students sign in on the computer under your number. You should now see a
large orange square. ‘A’ students when | say start you will flip yougrayer
and begin working the problems. Work as quickly as you can without making
mistakes. ‘B or C’ students, when | say start you will click the orange sguodre
begin working problems as quickly as you can without making
mistakes.(demonstrate computer format for all students before beginning) The
computer screen will stop presenting problems after two minutes. Again work as
quickly as you can without making mistakes. ‘A’ students, after two minutes |
will instruct you to stop, put you pencil down, and hold your paper in the air. You
will be completing multiple worksheets. Are there any questions?

4. Ready? Start.
5. After two minutes, Say “Paper group Stop, put your pencil down, and hold your
paper in the air.” Wait until all students have stopped and instruct them to change

modes. Repeat until each group has completed all probes.

6. Debrief and dismiss students.
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Table 1.

Table of Means and Standard Deviations (All Students)

Grade PP SD SP SD FC SD
3 13.30 (8.97) 10.11 (6.89) 9.73 (6.22)
4 36.40 (18.43) 28.94 (15.33) 31.56 (16.94)
5 67.43 (29.69) 53.73 (22.69) 60.11 (24.42)

Note. PP-paper and pencil, SP-simulated paper, FC-flashcard
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Table 2.

Table of Means and Standard Deviations(All accurate students)

Grade PP SD SP SD FC SD
3 22.31 (5.73) 16.53 (5.37) 11.11 (5.60)
4 42.38 (19.54) 32.84 (16.75) 35.27 (19.26)
5 73.85 (28.10) 57.72 (22.41) 63.65 (24.94)

Note. PP-paper and pencil, SP-simulated paper, FC-flashcard
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Table 3.

Smple Contrasts (All Students)

Grade Format Format 2 Mean Difference Significance
3 PP SP 3.181 .077

3 PP FC 3.562* .040

3 SP FC .381 .753

4 PP SP 7.461* .000

4 PP FC 4.842* .001

4 SP FC -2.618* .008

5 PP SP 13.698* .000

5 PP FC 7.318* .000

5 SP FC -6.380* .000

Note. *p<.05, PP-paper and pencil, SP-simulated paper, FC-flashcard
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Table 4.

Smple Contrasts (All Accurate Sudents)

Grade Format Format 2 Mean Difference Significance
3 PP SP 5.778 .080

3 PP FC 11.194* .000

3 SP FC 5.417* .018

4 PP SP 9.543* .000

4 PP FC 7.114* .000

4 SP FC -2.429 .067

5 PP SP 16.130* .000

5 PP FC 10.204* .000

5 SP FC -5.926* .000

Note. *p<.05, PP-paper and pencil, SP-simulated paper, FC-flashcard
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Oklahoma State University Institutional Review Board

Date: Friday, August 10, 2007

IRB Application No  ED0767

Proposal Title: Three Modes of Delivery for Curriculum Based Measurement Math
Reviewed and Expedited (Spec Pop)

Processed as:

Status Recommended by Reviewer(s): Approved Protocol Expires: 8/9/2008

Principal
Investigator(s
“ Cassandra Wong Gary J Duhen
3705 N. Monroe St. 423 Willard
Stillwater, OK 74075 Stillwater, OK 74078

The IRB application referenced above has been approved. It is the judgment of the reviewers that the
rights and welfare of individuals who may be asked to participate in this study will be respected, and that
the research will be conducted in a manner consistent with the IRB requirements as outlined in section 45
CFR 46.

stamp are attached to this letter. These are the versions that must be used during the study.

As Principal Investigator, it is your responsibility to do the following:

1. Conduct this study exactly as it has been approved. Any modifications to the research protocol
must be submitted with the appropriate signatures for IRB approval.

2. Submit a request for continuation if the study extends beyond the approval period of one calendar
year. This continuation must receive IRB review and approval before the research can continue.

3. Report any adverse events to the IRB Chair promptly. Adverse events are those which are
unanticipated and impact the subjects during the course of this research; and

4. Notify the IRB office in writing when your research project is complete.

Please note that approved protocols are subject to monitoring by the IRB and that the IRB office has the
authority to inspect research records associated with this protocol at any time. If you have questions
about the IRB procedures or need any assistance from the Board, please contact Beth McTernan in 219
Cordell North (phone: 405-744-5700, beth.mcternan@okstate.edu).

Sue C. Jacobs, @i

Institutional Reviw Board
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