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Abstract 

These two case studies examined progress of students’ mathematical skills mastery in two Title-

1 intervention programs: 

Study 1 -- understanding fractions; 

Study 2 -- adding fractions. 

Study 1 was conducted as an after-school program with 45 students (who completed the 

program) in a school in Texas over a seven-week period in February through April 2008, 

although the equivalent of one week  (during weeks 5 and 6) was lost to other student activities.  

The effective time on task was therefore only six weeks. Students in this study were enrolled in 

grades 5 and 6 and were deemed at-risk students by their previous grades and teacher 

recommendations. 

Study 2 was conducted as an after-school program with 36 students (who completed the 

program) in a school in Mississippi over a six-week period in October through December 2008. 

Students in this study were enrolled in grade 8 and were deemed at-risk by their scores in the 

Mississippi Curriculum Test in Math (MCT) 

Students in both studies were screened using the EDUSS diagnostic assessment module to 

determine grade-level proficiency in the topics mentioned. In essence, this was a curriculum 

based measurement (CBM) of skills in the selected topics.  

Both studies identified students with proficiency levels at the lowest grade level where these 

topics are usually introduced, viz. grade 2 for understanding fractions, and grade 3 for adding 

fractions. 

Students progress through individually generated IEPs showed significant improvement in both 

studies. 
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Introduction  

Government mandates such as those in the Individuals with Disabilities Education Improvement 

Act of 2004 and the No Child Left Behind Act of 2001, have driven changes to implement 

standards across grade levels for all students, with and without disabilities (National Council of 

Teachers of Mathematics, 2000).  

These, together with the implementation of RTI programs have increased expectations on 

teachers to be more accountable in meeting federal and state standards designed to improve 

student outcomes.  Such programs have daunted teachers who often feel they don’t have the time 

or training to implement all the screening, placement selection, intervention programs, progress 

monitoring and reporting required. 

The need for improvement and the implemention of improvement programs have been widely 

documented. According to Perie, Grigg, and Dion (2005) 35% of fourth grade students were 

regarded as proficient in math, approximately 21% scored at levels regarded as below basic.  

Such underperformance limits the effectiveness of a person’s everyday life skills (Minskoff & 

Allsopp, 2003); limits options to fully engage in disciplines that require competency in 

mathematical skills and problem solving strategies (Montague, 1996); and limits their options to 

pursue professions that depend on proficient mathematical skills (Minskoff & Allsopp, 2003). 

Various measures have been trialed to measure effective teaching and learning.  Curriculum-

Based Measurement (CBM)  (Deno, 1985), long used for screening and progress monitoring of 

reading, is now receiving more attention for screening and monitoring math skills albeit on early 

numeracy. (Clarke & Shinn, 2004; Fuchs, et al., 2007).   

The Eduss program is proving to be an effective and time-saving tool for implementing the 

academic component of RTI programs.  The Eduss program integrates learning materials, 
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assessment or screening tools, progress monitoring, data tracking and report generation, thereby 

virtually eliminating the common objections to RTI implementation: lack of effective tools, lack 

of dedicated staff and lack of financial resources.   

 

Studies Methodology 

Screening diagnostic 

Study 1  The screening process began with testing grade 5 level concepts of understanding 

fractions.  When a student failed to meet the cut-off score (60% or 3 or more out of 5 correct) for 

five randomized questions in an exercise type, the program’s assessment engine automatically 

moved the student across to a parallel presentation of the same concept, or down to the next 

exercise type designed to test a more fundamental concept in the same topic.  If the student kept 

failing, this process was repeated until the student achieved the cut-off score or better, or until 

s/he was tested (and failed) all probes all the way down to the most foundational concept of 

fractions commonly taught in grade 2.  The screening assessment used eight different exercise 

types or formats as it tested from grade 5 concepts down to grade 2 concepts.  Consequently, a 

student who failed the complete battery of testing probes would have completed 40 questions.  A 

schema of flow of exercises in this screening assessment is shown in Appendix 1. 

Raw percentage scores in the screening diagnostic are shown in Table 1 as those for time zero 

(t=0). 

Study 2  The screening process began with testing grade 6 level concepts of adding fractions 

(with and without same denominators, including improper fractions and mixed numbers).  The 

methodology of the screening process was identical to that in Study 1.  In this topic screening 

assessment began with grade 6 concepts and incrementally moved down through prerequisite 
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foundational skills to a grade 3 level if students kept failing screening probes. If the student 

failed all the way down to the most fundamental concepts taught, s/he would have completed 10 

different exercise types, with five randomized questions in each exercise type – a possible total 

of 50 individual questions. 

Raw percentage scores in the screening diagnostic are shown in Table 2 as those for time zero 

(t=0). 

Intervention program 

The EDUSS program automatically generates a tailor-made intervention program based on the 

level of proficiency displayed by the student in the screening assessment.  This is the student’s 

individualized education plan (IEP).  The IEPs were completely computer-based and 

administered, apart from assistance provided by teachers when the program flagged teacher help 

or input (see image in Appendix 2).  This happened on occasions the student had exhausted the 

program’s inbuilt assistance functions.  Inbuilt assistance consisted of three main features: 

1) Accessing any number of worked examples of an exercise type the student may have had 

difficulty with as s/he worked through their IEP; 

2) Questions done incorrectly by the student have the correct data in each step in the question 

shown beside the incorrect data the student entered so students can see where they began to make 

an error in their answering process; 

3) Accessing a series of fully narrated animated teaching slides that explain the mathematical 

concept and procedure to solve the different exercise types in the intervention program. Inbuilt 

“pause,” “rewind,”  “next slide” functions allow the student to follow teaching slides at their own 

pace.  Each series of teaching slides ends with a review quiz to give the student feedback on how 

well s/he answers work just covered in the teaching slides (see example in Appendix 3). 
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In order to best remediate students through gaps identified in the screening process, the IEP or 

curriculum is populated by a diverse array of exercise formats consisting of all those used in the 

screening assessment plus additional exercise types designed to explain a particular concept 

using a different learning style or providing an intermediate step between concepts at different 

levels of difficulty.   

In higher grade math, the thread of essential prerequisite skills needed to produce proficiency in 

a particular curriculum topic becomes quite diverse and complex.  The EDUSS program 

addresses this important issue by including teaching and learning opportunities via inbuilt 

hyperlinks in the teaching slides available to the student during his/her intervention program.  

Examples of these are some of the key foundational skills needed to add or subtract fractions 

with different denominators.  Consequently, hyperlinks to review lessons and reinforcement 

exercises in such concepts as multiples, common denominators, equivalent fractions etc are 

included in the teaching slides on the topic af adding fractions.  This ensures students can review 

and master any of these essential foundational skills before proceeding on the central concept at 

hand -- adding fractions with different denominators (see example in Appendix 3).  In doing so, 

the program ensures newer, higher order skills are not built on faulty foundations. 

The intervention program begins at the lowest curriculum level at which the student showed 

proficiency in the screening test, and moves sideways and up the curriculum within the topic 

until the student shows proficiency in content at the highest grade level in the topic (grade 5 for 

Study 1, and grade 6 for Study 2).  The student can only progress up the curriculum tree of a 

topic in the IEP by passing exercises provided in the intervention program, using the inbuilt aids 

as needed.  A schema of flow of exercises in than IEP on understanding fractions is shown in 

Appendix 2. 
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Throughout the whole screening and intervention process, the software program tracks and 

records student progress, producing an array of reports and time management tools to keep the 

teacher abreast of individual and group progress.  

Probes to measure mastery achieved during the intervention program were conducted at the end 

of weeks 2, 4, and 7 in Study 1; and at the end of weeks 2, 4, and 6 in Study 2.  In general, these 

tests consisted of exercise types the student had already mastered in the intervention program, 

but with individual exercise type content randomized.  This ensured students would encounter 

different content and not answer questions correctly by just remembering  answers to particular 

questions done earlier.   

 

Results & Discussion 

Descriptive statistics  for Study 1 and Study 2 are shown in Table 1 and Table 2 respectively. 

Hierarchical Linear Growth Modeling (HLGM) was used to determine growth in the math topics 

over time for Study 1 (Figures 1a and 1b) and Study 2 (Figures 2a and 2b). While growth in both 

studies over the measured time periods were not perfectly linear, a linear pattern best fitted the 

results when compared to different polynomial models.  

The analyses showed significant increase in growth over time for both studies. In addition, the 

analyses indicated that the intercept and slope coefficients were statistically significant (p < .05) 

for the topics in both studies. 

In Study 1, mean scores progressively improved from 12.1% at the time of the screening 

assessment (t = 0 weeks) to 72.3% at the end (t = 7 weeks), while in Study 2 they improved from 

a mean of 15.6% to a mean of 57.9% over the six-week period of the study.  In both studies 
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initial improvement was greater (from t=0 weeks to t=4 weeks in Studies 1 and 2) than over the 

last period (t=4 weeks to t= 7 weeks in Study 1, and t=4 weeks to t=6 weeks in Study 2). 

This may be attributable to the easier work encountered in the earlier part of the intervention 

programs.  Figure 1b shows the mean growth over time for the cohort in grade level equivalents.  

The average growth per week was 0.27 grade equivalents. 

In study 2, no students completed their IEPs within the time alloted.  This is in contrast to Study 

1 where 15 of the 45 in the cohort completed their IEPs.  This is reflected in the higher scores 

obtained at the end of Study 1. 

While the improvement was significant in Study 2, more difficult concepts had to be mastered to 

complete an IEP, including the ability to convert mixed numbers to improper fractions, find 

lowest common denominators of fractions where these were larger than 99, and simplifying 

fractional answers.  

Figure 2b shows the mean growth over time for the cohort in grade level equivalents.  The 

average growth per week was 0.30 grade equivalents. 

Alternate form reliability coefficients were 0.89 for Study 1 and 0.93 for Study 2. 
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Duration 
of 

study (weeks) 

N Min Max Mean SD 

t=0 45 3 24 12.1 5.5 

t=2 45 29 68 52.0 10.1 

t=4 45 37 79 60.7 11.3 

t=7 45 44 100 72.3 12.4 

 
Table 1.  Descriptive statistics summary for Study 1. 
 

Duration 
of 

study (weeks) 

N Min Max Mean SD 

t=0 36 4 28 15.6 6.3 

t=2 36 32 62 41.1 11.4 

t=4 36 40 76 51.1 14.1 

t=6 36 47 83 57.9 14.3 

 
Table 2.  Descriptive statistics summary for Study 2. 
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                 Figure 1a.  Mean scores for Study 1 cohort through time of the study (dark line) and 
                 linear regression (light line). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                 Figure 1b.  Mean grade level equivalent scores for Study 1 cohort through time of the  
                 study (dark line) and linear regression (light line). 
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                 Figure 2a.  Mean scores for Study 2 cohort through time of the study (dark line) and 
                 linear regression (light line). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
             Figure 2b.  Mean grade level equivalent scores for Study 2 cohort through time of the  
             study (dark line) and linear regression (light line). 
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Sensitivity and specificity 

A number of elements in any test can contribute to introducing unwanted false negatives and 

false positives.  In this computer-based screening assessment, students were deemed as having 

shown proficiency in a topic at a particular grade level if they achieved the pass score – as set in 

the program by the teacher -- in the five randomized questions in a particular exercise type.   

False negatives could therefore occur if the student passed a higher grade level concept, and 

therefore never had the opportunity to be tested in the same topic at a lower grade level.  To 

minimize this possibility, carefully selected exercise types that move incrementally from the 

more difficult to the slightly less difficult are used to populate the assessment program.  

However, if the teacher feels such an error has been introduced, s/he can quickly redefine the 

parameters and/or the content of the assessment.  This function is explained under “Adaptable 

screening and intervention curriculums.”  

The program can generate false positives if the student does not understand what is required of 

him/her to complete the question.  This is not unique to this screening program as all computer-

based and paper-based tests have the same problem.  Unlike paper-based screening assessments, 

each exercise contains both text and audio instructions on what is required to complete the 

exercise, thereby minimizing instructional misunderstandings by those with reading problems. 

Most of the reports generated contain a cursor-roll-over feature that shows a screen shot of each 

exercise done during the assessment.  If the teacher has doubts about a false positive error, s/he 

can quickly review the student’s results with him/her and ask probing questions about any 

doubtful results on any exercise type the teacher suspects.   

The vast majority of exercise types require students to process information/data through more 

than one step to produce an answer.  There are very few multiple choice and true/false format 
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questions. This reduces false markers through guessing and enhances the true objective of the 

screening process: to accurately identify true positives – those students at risk who need the 

benefit of an intervention program. 

Adaptable screening and intervention curriculums  

Probe exercises in the screening assessment have been thoughtfully selected to determine 

student’s mastery in seminal concepts in a particular topic or sub-topic.  However, if an RTI 

administrator chooses otherwise, s/he may delete, add, or change probes by using the EDUSS 

inbuilt curriculum designer.  Figures 3 through 6 below show how this can be done.  By using 

this function, RTI administrators can not only custom design screening probes, but can use the 

same editing function to design an intervention program (different from the default program) to 

fit the needs of any learning style or special needs of a student or student group.  In other words, 

an IEP program consisting of additional, different, or fewer exercise types can be easily designed 

if the RTI administrator feels such changes would benefit students with different needs.  There 

are dozens of different exercise types in each topic or sub-topic from which to select to match 

particular needs. 

While the EDUSS math program is aligned to NCTM standards, the functions within its 

curriculum designer allow an administrator to make grade level modifications to the curriculum 

should these be deemed necessary to comply with local standards that may be different from 

national or even state standards.  Figure 7 shows the simple steps to effect these types of 

adaptations to the curriculum.  Once changes have been made to the master or Practice 

Curriculum, these same changes are automatically transferred to curriculums derived from this, 

such as the screening assessment curriculum and the intervention tutorial curriculum. 
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Figure 3.  A section of the curriculum designer showing the complete curriculum (practice 
curriculum) topics in Number Sense.  The left column contains the complete curriculum, and the 
right column contains topics in the screening assessment and the intervention curriculums.  
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Figure 4.  The topic Addition has been expanded to show its sub-topics in both the complete 
curriculum (practice curriculum) on the left and the assessment and intervention curriculums on 
the right. 
  
 

 

 

 

A list of the sub-topics available in the topic 
Addition.  Each of these can be expanded to 

view exeercise formats in the screening 
assessment and the intervention tutorial. 

For example, Figure 4 shows the different 
exercise types and grade levels in the sub-

topic Understanding Addition. 
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Figure 5.  The sub-topic Understanding Addition in the complete curriculum (practice 
curriculum) has been expanded to display the different exercise types or formats available.  Each 
of these exercise types contains hundreds of randomly generated individual questions. 
 

 To add an exercise type into 
the assessment/intervention 
curriculum, click and drag it 
from the practice curriculum 

to the right. 

 

By rolling the cursor over the 
thumbnail, a larger image of the 
exercise type is displayed.  This 

facilitates easier selection of 
alternate exercises. 
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Figure 6.  The sub-topic Understanding Addition has been expanded to display all the different 
exercise types or formats that populate the screening assessment (yellow highlighted) and the 
intervention tutorial (blue highlighted).  
 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.  An example of how exercise grade levels can be easily changed to adapt to particular 
local standards. 

 

Check boxes to select 
which exercises you 

want in the assessment 
and the intervention 
tutorial programs. 

Click on  minus sign 
to delete an exercise. 

 

1) Say, the grade level 
of this exercise needed 

to be changed. 

2) This window would open 
where a screenshot of the 
exercise can be displayed 

3) The grade level of 
the exercise can be 
changed and saved. 
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Discussion & Conclusion 

The Eduss screening and individual education plans (IEP) were designed to reduce much of the 

labor-intensive aspects of RTI programs.  Every aspect of the mechanics of implementation can 

be performed by para-professionals.  The data processing power of computers has been utilized 

to minimize paper-based assessment, data tracking and recording, and provide varied multimedia 

instruction, thereby freeing up the teacher to exercise their pedagogial skills to provide the 

personalized special care and learning assistance individualt students will always require.  This 

aligns the Eduss product with fulfilling (and exceeding) the desired functions of techonology in 

the classrooms (Cotton, 2001). The program generates an array of real time reports to help the 

teacher monitor student progress in terms of achieving academic goals and also in terms of the 

rate of progress towards each student achieving completion target dates for his/her IEP; 

important informational design that facilitates student learning (Lohr, 2003). 

Figure 8 is a portion of a one of many different reports (available in both tabular and graphical 

formats) that shows/monitors student academic progress through a prescribed IEP.  All the 

exercises that constitute the complete IEP are initially listed (in gray) within sub-topics.  As the 

student moves through the intervention program, exercises s/he completes and passes become 

blue with both assessment screening scores and IEP tutorial scores tabulated.  Teachers can see-

at-a-glance a “before” and “after’ picture with dates of completion also shown.  A cursor roll-

over feature displays screenshots of each exercise type so teacher (and student) can see and 

discuss any exercise type in the program. 

Figure 9 shows similar progress data graphically for each sub-topic in the assessment and IEP.  

Another feature displays a similar report where progress data are presented right down to 

individual questions in each of the exercise types that constitute work in a particular sub-topic.  
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Figure 8. An extract from a tabular progress report with roll-over features to display screenshots 
of each exercise type, comparative scores of the screening assessment and subsequent 
intervention tutorial, completion dates, and exercises yet to be done. 
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Figure 9. An extract from a graphical progress report with roll-over features to display 
comparative scores in the screening assessment and subsequent intervention tutorial for each of 
the sub-topics in the IEP. 
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To effectively monitor IEP progress, teachers need to be able to keep tabs on how individual 

students are moving towards a completion date.  The EDUSS program provides an estmate on 

the time it takes the average student to complete all the exercises (in each sub-topic and for the 

complete IEP) and provides a graphical display of progress through the IEP versus time.  At a 

glance teachers can see if students are ahead, on, or behind schedule to complete the program by 

a set date. If a student if falling behind, the teacher can consult with the student and adjust the 

time spent per week, or the completion date to meet crucial time targets.  

Figure 10 shows comparative progress through an IEP between an initial schedule (green line) 

and the actual progress the student has made to date (purple line).  The labels in the diagram 

show these different features together with ways a teacher can adjust a student’s time spent-on-

task or new due date to satisfy an adjusted schedule.  

Flexibility in determining different levels of intervention 

Schools have different resources they can devote to the different levels of intervention.  One of 

the tools included in the Eduss program allows the RTI administrator to adjust screening cut-off 

scores used to define Tiers 1, 2, and 3 (see Figure 11).   

Adjusting cut-off scores automatically adjusts the grouping of students that qualify for a given 

Teir Level, so numbers of students requiring different levels of intervention can be better 

matched to the resources the school can provide.  The ability to adjust cut-off scores also 

provides flexibility to adjust these scores to better match normalized data or correlations to  

screening criteria other than the Eduss screening assessments. 
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Figure 10. An image of how teachers can time mmonitor and manage students’ progress through 
their IEPs so they are completed within time or within crucial school events such as before an 
exam or state tests. 
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full IEP and information  on  
current progress through the IEP. 
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Figure 11. Image of the Eduss tool that allows screening cut-off scores to be adjusted so that 
students grouping into different levels of intervention can be tailor made to accommodate 
available school intervention resources. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Both sliders can be moved to 
adjust cut-off scores between 
different Tier Levels 

When the sliders are moved, 
the adjusted cut-off scores 
that define the different Tiers 
are shown here. 

When the sliders are moved, 
the adjusted grouping of 
students into the adjusted 
Tiers are shown here. 
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…………………..Screening begins with grade 5 exercise 
 
 
 
 
 
 
                                                                                                                                            
                                                                                                                     
                   ……grade 4 exercises                                     
 
 
 
 
 
 
 
……………………… grade 3 exercises 
 
 

 
 
 
 
 
 
 
 
 
 

moves down these grade 2 exercises to simlpest concept on halves 

Appendix 1  Schema of progress through the screening exercises in understanding fractions.  
Screening begins at grade 5 and moves down to grade 2 concepts. 
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Appendix 2  Image of options available to student when s/he has exhausted the inbuilt helps 
to understand and correctly answer a particular exercise type in the IEP. 
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Lesson begins explaining concept but showing difficulty when denominators are different 

 

 

Hyperlink choice to either: 
1) review concept of 
common denominators, or 
2) to contimue lesson 

 

 

Hyperlink choice to either: 
1) review concept of 
equivalent fractions, or 
2) to contimue lesson 

Short review lesson on common 
denominators followed by a quiz. 
Student then hyperlinks back to the 
original lesson on adding fractions. 

Short review lesson on equivalent 
fractions followed by a quiz. 
Student then hyperlinks back to the 
original lesson on adding fractions. 

 

Appendix 3  Schema of inbuilt helps (worked examples, corrected answers, narrated, animated 
teaching slides, hyperlinks) student can access during the intervention program.  Note that the 
selected slides shown are just a sample of those available during the IEP on adding fractions. 
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Lesson continues with a couple algorithms on adding fractions w/ different denominators 

 

Short quiz on adding 
fractions with different 
denominators. 
 

 

    corrected answer 

    corrected answer 
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                                                                                          ……..grade 5 level exercise 
 
 
 
 
 

Appendix 4  Schema of progress through intervention exercises in an IEP in understanding fractions.  
IEP begins at the lowest grade level proficiency shown in the assessment and moves up to grade 5.   
Note that the accompanying inbuilt teaching slides are not shown here.  See Appendix 3 for an example 
of teaching slides. 
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