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                                                 I. INTRODUCTION           
              

 

Pearson partnered with Gatti Evaluation to study the efficacy of the Digits 

program’s online Homework component during the 2011-12 school year.   
 

As schools strive to meet the adequate yearly progress goals in mathematics achievement, many 

are attempting to maximize their efforts by implementing innovative basal math programs.  

Pearson’s Digits Middle Grades Math curriculum ©2012
1
 is one such program.  Gatti Evaluation 

partnered with Pearson to conduct a pilot of the Digits program.  The pilot evaluated the impact 

of students using paper homework versus online homework on student achievement and teacher 

time.  The pilot was conducted in two schools during the 2012-13 year.     

 

A longitudinal randomized, control trial efficacy study was occurring simultaneously in the pilot 

schools.  The results from the efficacy study will be available in a separate report.  This report 

provides methods and results for the pilot, conducted while teachers implemented the first two 

units of the Digits program’s  The program’s homework was evaluated in twelve 6
th

and 7
th

 

middle grade classrooms in two sister schools from an Arizona school district.  While both 

schools’ students used Digits as their core math program; one school’s students completed their 

homework online while the other strictly used the program’s printable homework option. 

 

 
        

  Instructional Technology Literature  
        

 

Digits is a middle grades basal math program designed to take full advantage of 

interactive whiteboard technology; offering embedded formative assessment, 

visual presentations of the mathematics, and interactive web-based homework.    
 

Digits is a predominately digital, Common Core middle school math program, designed to create 

increased instruction time for teachers, personalized coursework for students, as well as take full 

advantage of interactive whiteboard technology.  Additionally, Digits offers embedded formative 

assessments, visual presentations of the mathematics, and interactive web-based homework.    

 

It is becoming increasingly more common that schools are leaning towards the use of digital 

curricula to meet their students’ needs in mathematics.  In February 2009, the state of Indiana 

began replacing traditional textbooks with digital curricula.
2
  In their move toward a completely 

digital core curriculum, Florida’s Department of Education recently opened the Florida Virtual 

Curriculum Marketplace for teachers to search for digital curricula that are aligned to their state 

standards.
3
   

 

                                                 
1 http://www.pearsonschool.com/ 
2 Foughty, Z. & Keller, J. (2011). Implementing digital math curricula. Principal Leadership. 64-66. 
3 Florida virtual curriculum marketplace available for teachers (2011, May 31). Retrieved July 1, 2011, from 
http://www.fldoe.org/news/2011/2011_05_31.asp 
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While some states are using programs that are aligned with their state standards, there is a push 

for states to adopt the Common Core State Standards (CCSS).
4
  The CCSS were developed in an 

effort to bring parents and teachers to a common understanding of what students are expected to 

learn to ultimately prepare them for college and the workforce.
5
  In response, Pearson developed 

Digits to be fully aligned to the sixth, seventh, and eighth grade Common Core State Standards.
6
 

 

Research has shown that formative assessment, accompanied with feedback during the learning 

process, is highly effective.  Active engagement between the instructor and the student has also 

been shown to improve learning outcomes.
7
  In addition, both teaching and learning may 

improve with the use of innovative technology, such as the use of a whiteboard in the classroom. 

The interactive whiteboard is a tool that dates back to the late 90s when it began being used to 

increase the level of student engagement and in turn student motivation.
8
  

 

Digits was designed to fully utilize interactive whiteboard technology.  In making use of this 

technology, Digits offers personalized coursework, encourages active student and teacher 

participation, delivers formative assessment with real-time feedback, visual presentations of the 

mathematics, and interactive web-based homework.   

 

Both the federal government and state adoption committees require publishers to 

conduct rigorous research to support the efficacy of their educational materials.   
 

Theoretically, research-based curricula can increase student achievement.  Although such a 

curriculum may be skillfully applied to create an educational environment that significantly 

increases achievement, poorly designed and implemented programs will provide little or no 

benefit, and may even be detrimental.  Poorly designed and implemented curricula can confuse 

and frustrate students and teachers, proving to be a waste of valuable resources and learning 

time.  For these reasons, the No Child Left Behind Act
9
, directors of federal, state and local 

educational funding, as well as state and district adoption committees require publishers to 

conduct rigorous efficacy research to support the effectiveness of their educational materials.   

 

 
          

  Study Goals and Research Questions  
        

 

The primary goal of the pilot is to conduct rigorous research to support the assertion that, when 

properly implemented, the online homework component of Digits Middle Grades Math 

curriculum effectively increases students’ math achievement over the first two units of 6
th

 and 7
th

 

grade content.  Further, the achievement gains for the Digits’ online homework cohort will have 

its effectiveness tested against a comparison group of students from a sister school that utilized 

                                                 
4 In a coordinated effort the Council of Chief State School Officers (CCSSO) together with the National Governors Association Center for Best 

Practices (NGA Center) utilized input from teachers, school administrators, content experts, the general public, state standards and international 
models to develop a set of standards that outline what students should learn within their K-12 educational career (Common Core State Standards, 

n.d.). 
5 Common Core State Standards (n.d).  Retrieved, July 14, 2011, from http://www.corestandards.org/about-the-standards 
6 Digits: A math curriculum by Pearson (n.d). Retrieved July 15, 2011, from http://www.pearsonschool.com/index.cfm?locator=PSZwZ5 
7 Walters, J., Richards, J. & Dede, C. (2009, July 10). Digital teaching platforms: A research review . Retrieved on July 14, 2011, from 

http://www.timetoknow.org/data/uploads/digital%20teaching%20platform.pdf 
8 Beeland, W.D. Jr (2002). Student engagement, visual learning and technology: can interactive whiteboards help? Annual Conference of the 

Association of Information Technology for Teaching Education, Trinity college, Dublin. 
9 http://www.ed.gov/nclb 

http://www.corestandards.org/about-the-standards
http://www.pearsonschool.com/index.cfm?locator=PSZwZ5
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Digits’ printable homework option.  The second goal for this project is to collect information on 

teacher and student attitudes towards the Digits program in general and the online homework 

specifically.  The research questions for this study are outlined below: 

 

RQ1. Do mainstream middle school students solely completing the Digits’ online homework, 

over the course of the first two units of content, demonstrate a significant improvement in 

achievement and skill mastery?  

 

RQ2. Do mainstream middle school students completing Digits online homework demonstrate a 

significant improvement in math achievement over otherwise similar students in classrooms 

using the program’s printable homework option?  

 

RQ3. How did teachers and students react to the Digits program in general and the online 

homework specifically?   
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                                                II. METHODOLOGY      
              

 

This report provides methods and results for the pilot, conducted over the first two units of the 

Digits program’s content during first school year of the overall research effort.  While middle 

grade classrooms were recruited from eleven schools distributed across four different states for 

the longitudinal efficacy study; the program’s homework was evaluated in twelve 6
th

and 7
th

 

middle grade classrooms in two sister schools from an AZ school district.  Both schools’ students 

used Digits as their core math program with one school’s students completed their homework 

online and the other’s strictly used the program’s printable homework option. 

 

Gatti Evaluation provided participating schools all data collection materials, maintained constant 

communication with study participants, and followed clear data collection procedures throughout 

the study to ensure that both study and program implementation ran smoothly and effectively.   

 

 
      

  Student Outcome Measures 
        

 

A challenging assessment battery was group administered to students to measure 

achievement growth and attitude.  
 

Unit Two Assessment  
An assessment for each grade level was comprised of math problems from ExamView Test 

Generator
10

 chosen to align to the content from each lesson in the first two units of the Digits 

program.  The 6
th

 grade assessment had 29 items and 7
th

 grade had 40 items.  The assessment 

was group-administered by the classroom teachers both at the beginning of the school year and 

again immediately following the completion of unit two.  The assessment was intended to 

challenge the students; attempting to adequately assess baseline knowledge, while also providing 

room for growth as knowledge of the content was acquired.  The estimated intraclass reliability 

for the end-of-unit-two test total scores showed moderate but sufficient reliability for the studies 

purposes (i.e., 6
th

 = 0.765, 7
th

 = 0.744).  

 

Digits Student Opinion Survey 
The survey was developed by the Gatti Evaluation principal investigator.  Students responded to 

self-report questions regarding their opinions on several aspects of the program, including the 

online homework.  The Digits opinion survey was administered online following winter break.   

 

An eight item section of the survey specifically asked students questions concerning their general 

opinions of the Digits program.  These responses were coded as 1 for a positive response, 0 for a 

neutral response, and -1 for a negative response.  This scoring method anchors a completely 

neutral student at an overall score of zero with positive total scores indicating an overall positive 

attitude.   

 

 

 

                                                 
10 http://www.einstruction.com/products/examview/examview-assessment-suite 
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  Teacher Measures    
     

 

In addition to the student assessment battery, qualitative data collection methods were also 

employed.  The research team collected qualitative data through self-report teacher logs and 

classroom observations, as well as teacher interviews.  The data was compiled and content 

analyzed to examine teacher attitudes, pedagogy and performance, as well as to illuminate the 

various ways teachers and students interact with the Digits program.  The teacher and classroom 

data also increased the validity of the research findings by verifying results through multiple data 

collection methods, by adding context to the achievement results through reporting the 

perspectives of various study participants, and by collecting data throughout the project period.  

Continuous monitoring of the study sites was of immense importance, and teachers were 

routinely asked to share their opinions and concerns throughout the school year.  

 

The research team collected achievement, attitudinal, as well as, observational 

and self-report data making the study both quantitative and qualitative in nature.   
 

Weekly Teacher Logs   
All study teachers were required to complete weekly self-report online logs in which they 

described their math lessons.  Information from the weekly logs was important for two reasons; 

to guarantee Digits teachers fully and regularly utilized all key components of the program in an 

attempt to positively influence student achievement, and to document the instructional model 

utilized by each study teacher, including classroom environment, teaching style, pacing, math 

content, and methods.  The information in these logs was checked each week, and the project 

manager asked teachers for clarification when necessary. 

 

Teachers were asked not to spend more than 15 minutes per week completing the logs.  It is clear 

several teachers spent more time, however, as many of the logs were returned with detailed 

comments.  Teachers often shared candid weekly experiences with the project manager and were 

typically happy to provide documentation describing weekly instruction and learning experiences 

related to the program.   

 

Teacher Observations   
Site visits took place in late October 2011 and early April 2012 and were conducted by 

representatives of the research team.  All Digits teachers were observed during routine math 

lessons.  Portions of the observation forms included; a description of the classroom environment, 

summary of the lesson taught, teacher interviews, student comments, observed teaching strengths 

and weaknesses, pacing, and supplemental instruction information.  The observations also 

allowed researchers to observe general classroom environment and teaching styles, and to verify 

the ability and willingness of Digits teachers to properly implement the program.  

 

It should be noted that observations show just a snapshot of the classroom environment and 

instructional competence.  Some teachers were required to change their normal class time due to 

scheduling conflicts, which occasionally resulted in the observer having less than optimal time to 

spend in the classroom.  The observations are, however, worthwhile because they are the only 

opportunity the research team has to directly observe the study teachers in action and verify 
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teacher reported information.  It should also be noted that the Digits consultants had 

opportunities to observe teachers using the program during the follow-up training visits.  

 

 
       

  Site Recruitment and Selection 
        

 

Prior to the 2011-12 school year, potential research schools were identified by Pearson sales 

representatives and via email blasts sent to districts with specific demographics.  Schools that 

indicated interest were sent a study description that included responsibilities and incentives.  

Possible research schools were further vetted through local sales representatives.  If the school 

indicated interest after reviewing the study description and being approved by the sales 

representative, they were asked to complete a detailed questionnaire and an infrastructure 

checklist. 

 

The intent of the questionnaire was to ensure participants understood all the requirements and 

benefits associated with participation.  It was required that participating schools not currently use 

a fully digital basal math program, all participating teachers abide by the random assignment, 

and that all randomly assigned Digits classroom teachers fully implement the program with their 

students.  The purpose of the infrastructure checklist was to ensure that the Digits program could 

be installed and successfully run at each site.    

 

TTaabbllee  11                                          SSttaattee  AAsssseessssmmeenntt  IInnffoorrmmaattiioonn 

 School Results Statewide Results 

School 

Year 
Grade State School 

Met 

AYP 
Meets Math Standards Meets Math Standards 

2009-10 
6 

7 
AZ Online No 

28% (-28%) 

33% (-24%) 

56% 

57% 

2009-10 
6 

7 
AZ Paper Yes 

34% (-22%) 

40% (-17%) 

56% 

57% 

 Parentheses indicate comparison to state percent meeting math standards  

 

When sites were deemed eligible for participation and approved by the Principal Investigator, the 

school was invited to be a study participant.  The Principal Investigator then completed the 

research application process necessary for each site.  Finally, both a district level administrator 

(ex., curriculum director, superintendent) and a school level administrator (ex., principal) signed 

a memorandum of understanding outlining the responsibilities of each stakeholder.  No available 

students of any socio-economic level, English proficiency level, or ethnic background, who 

opted to participate in the study, were excluded from the study.  The research team adhered to 

the informed consent requirements of each participating school and/or district.  

 

Ethnic and socio-economic diversity among the student population were two criteria the 

evaluation team considered when recruiting study sites.  A third criterion was that students 

exhibit a wide range of ability with respect to mathematics achievement.  Table 1 shows, 
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according to recent state achievement testing data, that the percent of each school’s students 

meeting state math standards is substantially below the statewide average.   

 

The school using online homework had three teachers with self contained classrooms at 6
th

 grade 

and one 7
th

 grade math teacher with two sections.  The sister school using the paper homework 

had one 6
th

 grade math teacher with three sections and a different math teacher at 7
th

 grade with 

four sections.  Appendix A.1 provides details about the educational environment for each study 

site as well as a demographic breakdown.   

 

 
       

  General Classroom Instruction  
       

 

There was little difference in teaching experience between the math teachers at 7
th

 grade.  

Though the 6
th

 grade teachers varied widely in overall teaching experience, they did not 

substantially differ in their time as 6
th

 grade classroom teachers.  In fact, the most experienced 6
th

 

grade teacher was in her first year as a classroom teacher (i.e., formerly a gym teacher).  Two of 

the 6
th

 grade teachers at the site using online homework had more education (i.e., a masters 

degree) but again less experience.  The same was true at 7
th

 grade.    

 

The three 6
th

 grade classrooms from the online homework site were self-contained and thus 

could devote substantially more time daily to teaching math and the Digits program.  The 6
th

 

grade teacher from the paper homework school was restricted to a fifty minute math block.  The 

7
th

 grade online homework teacher also had a longer block of instruction time.  It should be 

noted that the Digits lesson presentations and companion pages were designed to be comfortably 

completed with a fifty minute block.  None of the classrooms benefitted from regular assistance.   

 

 

6
th

 Grade Online HW Paper HW 

years teaching
 

23/5/12 16 

years at current district 23/5/14 4 

years at current grade 1/5/2 3 

master’s degree Yes/No/Yes No 

minutes daily math instruction 120/90/120 50 

regular classroom assistance No No 

 

 

7
th

 Grade Online HW Paper HW 

years teaching
 

8 5 

years at current district 6 5 

years at current grade 4 1 

master’s degree No Yes 
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minutes daily math instruction 70 55 

regular classroom assistance No No 

 

 
     

  Digits Implementation  
       

 

Teachers received multiple training sessions by Pearson Digits program 

specialists.  This well-received training allowed teachers to fully implement the 

program and helped foster positive teacher and student attitudes.   
 

Digits Teacher Training 

To initiate the study, Gatti Evaluation representatives conducted a study orientation at the start of 

the 2011-12 school year. The study orientation formally introduced the teachers to the research 

team, explained in detail the requirements and benefits of participation in the study, as well as, 

addressed any immediate questions or concerns about the research. All teachers were required to 

read and sign informed consent forms.  

 

The publisher ensured that sites had full access to the program and that access was continual 

throughout the duration of the study.  Pearson provided free product training and funding to 

cover the cost of substitute teachers during the trainings. All teachers were required to attend 

these training sessions. The initial curriculum training took place on-site over the course of two 

full school days.  The training introduced administrators and teachers to the key components and 

instructional features of the Digits curriculum, including the on-level digital presentation, online 

grade book, as well as, online assessments and homework.  

 

Follow-up training sessions were further provided to each school to support consistent usage and 

implementation fidelity of the Digits curriculum, as well as, to acquaint teachers with new 

features of the curriculum and provide further support for the online reporting system.  These 

training sessions coupled in-classroom observations with one-on-one meetings between teachers 

and consultants, and lasted two school days.  After each visit the trainers provided feedback on 

each Digits teacher’s performance including strengths and weaknesses on program components, 

adherence to the study’s implementation guidelines, and flagging those teachers in need of extra 

attention.     

 

 

TTaabbllee  22  TTrraaiinniinngg  DDaatteess    

School School Start 

Date 

Initial Training 

Date 

Follow-up Training 

Date 

Technology Site 

Visit 

Online HW 8/08/11 8/01/11 & 

8/03/11 

9/21/11& 9/22/11 9/15/11 

Paper HW 8/08/11 8/01/11 & 

8/03/11 

9/13/117 9/14/11 9/15/11 
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Both schools experienced technology problems that included assessments and homework 

freezing and student login difficulties.  A Pearson technology team visited the district on 9/15/11 

to work together with the district’s technology director and a teacher representative to resolve the 

issues.  They were able to isolate problems within the schools’ infrastructure as well as develop 

fixes for all the remaining issues.  They were also able to provide suggestions for how to work 

around those technology problems that were created by the schools’ infrastructure.  Further, the 

technology director was advised on solutions for the schools’ infrastructure.  

 

Digits Curriculum Description 

The Digits program consists of four types of fully digital presentation (i.e., Readiness Lesson, 

On-Level Lesson, Topic Review, Topic Close).  The program’s content is broken down into five 

units, each of which contains a readiness lesson (i.e., meant to level the students), an average of 

five on-level lessons in each unit, and a topic review.  The on-level lesson consists of four 

components (i.e., Topic Opener, Launch, Examples, Close and Check).  In addition, the program 

contains Intervention and Enrichment lessons, Companion Pages and leveled Online Homework.   

 

The companion pages associated with each lesson are the only regularly used print component 

included with the Digits program.  These two page worksheets, compiled in a pre-printed 

workbook, consist of the Launch Question, the Close and Check, and additional practice.  The 

launch and close and check are meant to be both used as class discussion, as well as, individual 

reflection and math writing.  The online homework (i.e., powered by MathXL
11

) is 

individualized remediation and automatically reports results for each student.    

 

Digits Curriculum Usage 

Pearson ensured that research schools had full and continuous access to the Digits program and 

all of its components.  The schools did require additional site visits to correct technology issues.  

The majority of issues arose as a result of the schools’ infrastructure.  The technology team that 

visited the schools developed fixes that corrected or circumvented all issues by mid-September.  

 

At the last training session trainers rated each of the teachers’ overall performance implementing 

the program with regard to the study guidelines on a 1-10 scale.  A rating of one was reserved for 

those teachers that were putting forth no effort; no teachers received a rating of one.  A ten was 

reserved for those teachers using all the required components with distinction and proper pacing. 

These teachers represent the best implementing teachers the trainers have seen, in essence 

experts.  No teachers received a rating of ten. 

 

A rating of five 5 was applied to those teachers trying their best to implement the program but 

were still having some problems implementing the required components and/or pacing.  These 

teachers could be described as average implementers after a month using the Digits program.  No 

teachers performed at or below a rating of five. 

 

Digits teacher implementation ratings indicated the trainers felt teachers were 

generally implementing the program well with respect to the study guidelines. 
 

                                                 
11

 www.mathxl.com 
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A rating of seven acted as additional anchor point.  A rating of seven was given to those teachers 

that were implementing the required components well with good pacing.  The three 6
th

 grade 

teachers assigning the online homework all received ratings of seven.  The 6
th

 grade teacher 

assigning paper homework received one of the highest ratings, a nine.  The 7
th

 grade teacher 

assigning online homework also received a high rating, a nine, while the paper homework 7
th

 

grade teacher received the lowest rating, a six.   

 

Pacing 

The first two units of Digits cover six topics.  It should be noted that the 6
th

 grade paper 

homework teacher did not cover Topic 4
12

.  Teachers began the program in late August.  The 6
th

 

grade online and paper homework teachers implemented the program for 12 and 15 full weeks 

respectively before post testing their students.  The 7
th

 grade teacher assigning online homework 

needed ten more weeks of instruction to complete the first two units (i.e., paper homework = 14 

weeks, online homework = 24 weeks). 

 

Online Homework Implementation 
At the online homework school, all the Digits teachers allow students unlimited attempts at each 

problem and encourage their students to practice as much as possible until they get 100% or until 

expiration the day of the topic test.  None of the teachers inserted instructor tips or customized 

the homework questions. 

 

Most students do not have access to the online homework outside of school and complete their 

homework assignments in the school’s computer lab.  The students are under constant 

supervision in the lab to minimize off task behavior, cheating, and gaming the program (i.e., 

answer the questions randomly until they get it right, look for the same question to eventually 

cycle back through).  Further, the students are encouraged to use the "help me solve" and "view 

an example" options before seeking help from their teachers.  The overwhelming majority of 

students reported that these options are useful to them (i.e., 6
th

 No, Not Really=14%, 

Sometimes=43%, Yes, Definitely=43%; 7
th

 No, Not Really=6%, Sometimes=44%, Yes, 

Definitely=50%)  

 

The overwhelming majority of students reported that the help offered by the 

online homework was useful to them. 
 

None of the teachers at the school using the paper homework customized the homework 

questions.  The homework assignments were printed for each teacher’s students by a district 

personnel assigned to this task.  The teachers collected and reviewed the assignments in class, 

employing a traditional approach to skills practice and progress monitoring. 

 

Homework Completion 
The biggest challenge the schools faced participating in the study was getting students to 

consistently complete both the online and paper homework assignments.  The 6
th

 grade students 

completed about half of their homework assignments.  It should be noted that the 6
th

 grade paper 

                                                 
12 6th Unit 1 = Expressions and Equations (Topic 1 = Variables and Expressions, Topic 2 = Equivalent Expressions, Topic 3 = Equations and 

Inequalities, Topic 4 = Two-Variable Relationships), Unit 2 = Number System (Topic 5 = Multiplying Fractions, Topic 6 = Dividing Fractions) 
7th Unit 1 = Ratio and Proportional Relationships (Topic 1 = Ratios and Rates, Topic 2 = Proportional Relationships, Topic 3 = Percents), Unit 2 

= Rational Numbers (Topic 4 = Adding and Subtracting Rational Numbers, Topic 5 = Multiplying and Dividing Rational Numbers, Topic 6 = 

Decimals and Percents) 
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homework group was not assigned any homework for Topic 4.  At 7
th

 grade, the paper 

homework group completed statistically significantly more homework assignments, almost 15% 

more.  The effect for homework completion was not significant (i.e., p-value = 0.301) in the 6
th

 

grade statistical model.  The effect for homework completion was however significant (i.e., p-

value = 0.001) in the 7
th

 grade statistical model.  

 

 

TTaabbllee  44  BBaasseelliinnee  SSttuuddyy  GGrroouupp  CCoommppaarriissoonnss  

Grade/Measure 
Sample Size 

Online/Paper
1
 

Online HW Paper HW 
Group 

Difference
2
 

 p-value 

6
th

 Assessment 53/68 53.9% 48.0% 5.9% 0.053 

7
th

 Assessment 43/80 46.2% 60.7% -14.5% 0.001 

1. Online/Paper indicates the online homework group size / paper homework group size 

2. Group difference = online homework group mean - paper homework group mean 

 

 
    

  Participants 
      

 

The final sample consisted of 121 6
th

 and 123 7
th

 grade students from two sister 

schools located in AZ.  
 

The final study sample consisted of 121 6
th

 grade (i.e., online homework = 53, comparison = 68) 

and 123 7
th

 grade (i.e., online homework = 43, comparison = 80) students.  The school using 

online homework had three teachers with self-contained classrooms at 6
th

 grade and one 7
th

 grade 

math teacher with two sections.  The sister school using the paper homework had one 6
th

 grade 

math teacher with three sections and one math teacher at 7
th

 grade with four sections.   

 

A total of 132 or 86% percent of the 6
th

 grade (i.e., online homework = 79%, paper homework = 

92%) students tested at baseline remained in their classrooms and completed the 2011-12 school 

year.  Likewise, 130 or 87% of the 7
th

 grade students tested at baseline remained (i.e., online 

homework = 87%, paper homework = 87%).  Of these students, 92% percent of the 6
th

 grade 

(i.e., online homework = 98%, paper homework = 87%) and 95% percent of the 7
th

 grade (i.e., 

online homework = 96%, paper homework = 94%) students completed at least one homework 

assignment for the first two units.      

 

The study schools demonstrated considerable diversity in their ethnic makeup.  A larger segment 

of the students in the final sample using online homework are Caucasian than their paper 

homework counterparts.  The school using the online homework has a much large portion of 

American Indian students.  

 

 

6
th

 Grade Online HW Paper HW 

Caucasian
 

17% 34% 
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Hispanic 47% 47% 

American Indian 26% 7% 

African American 9% 7% 

Asian American 0% 4% 

 

 

7
th

 Grade Online HW Paper HW 

Caucasian
 

14% 54% 

Hispanic 33% 28% 

American Indian 42% 4% 

African American 12% 9% 

Asian American 0% 6% 

 

 
      

  Data Analysis Procedures 
      

 

Statistical analyses were performed on students’ assessment gain (i.e., end-of-unit-two score 

minus beginning-of-year score) scores for each grade level.  The assessment scale was 

transformed from a traditional raw score or number correct to a percent correct scale by dividing 

each student’s score by the number of assessment items at each grade.  It is hoped that a percent 

correct scale may be more easily interpreted.    

 

Comparisons were made between study groups (i.e., online homework vs. paper homework) 

using model adjusted group mean differences.  Model adjusted group mean differences were 

calculated holding all covariates constant in an attempt to statistically equate the study groups on 

those constructs and remove their influence from the study group effect.  Covariates included 

student demographic variables (i.e., male v. female, Caucasian v. non-Caucasian) and the 

proportion of available homework assignments completed by each student.   

 

Rigorous research design dictates that all characteristics of the study participants and their 

environmental influences that may impact the results must be equated across study groups.  The 

statistical equating of confounding factors and maintaining a controlled and consistent 

environment for the study participants ensures that differences found in the study groups on 

outcomes of interest may more confidently be attributed to the study conditions assigned to these 

groups.  Since the groups varied substantially in their demographic make-up and homework 

usage, the statistical model estimates the difference in achievement gain when the effects of 

these covariates are removed.     

 

An ordinary least squares fixed effects model was employed to statistically test model adjusted 

group mean gain score differences.  While students were the unit of analysis, classroom/section 

was the independent unit.  The hierarchical nature of the data (i.e., students nested within 

classrooms) has the effect of reducing the amount of independent information available in the 
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sample, therefore decreasing the precision of estimates and the power of hypothesis tests to find 

these estimates statistically significant.
13

  A naïve covariance structure
14

 within a robust 

empirical standard error formulation was used to calculate confidence intervals for estimated 

effects.  This procedure results in group mean differences that are unbiased and statistical 

hypothesis tests that are consistent
15,16

 despite the nested nature of the data. 

  

All statistical significance tests are two-tailed with a Type I error rate of 0.05.  Statistically 

significant estimates are ones in which the probability of sampling scores that result in a group 

mean difference that much greater than zero when it is in fact null, is p = 0.05 or 1 in 20 samples.  

Significance implies that the samples are likely drawn from two separate populations or that the 

group averages are unlikely to be the same in the population.  Coupled with the rigorous study 

design, we may then hold these statistically significant differences as evidence for one group 

outperforming the other.   

 

Standardized effect size estimates (i.e., effect size = group mean gain score difference / sample 

standard deviation) along with a percentile rank based effect size measure are computed for 

statistically significant group mean gain score differences.
17

  The latter effect size measure 

indicates the percentile rank for the average online homework gain score in relation to the paper 

group’s distribution.  For example, if the treatment group outgained the comparison group by 

0.20 standard deviations, the average gain score for the treatment group was larger than 58% of 

the comparison group gain scores. 

 
 

                                                 
13 Donnar, A. & Klar, N. (2000) Design and analysis of cluster randomization trials in health research. Arnold Publishers, London. 
14 Initially a compound symmetric structure was assumed for the error variances but the extra parameter was not statistically significant for any of 
the statistical models.   
15 Liang, N. M. & and Zeger, S. L. (1986). Longitudinal data analysis using generalized linear models. Biometrika, 73, pp. 13-22. 
16 SAS’s Mixed procedure was used to analyze the data, see SAS Institute Inc. (2008) Online documentation 9.2.  A linear model was defined 
with all fixed effects, full degrees of freedom, using the sandwich estimator for all standard errors with districts set as the independent level of 

nesting, and a naïve independent working covariance structure. 
17 Hedges, L. V. & Olkin, I. (1985). Statistics methods for meta-analysis. Academic Press, NY. 
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                                                      III. RESULTS       
              

 

Report section III summarizes the results of data analyses, including quantitative and qualitative 

results, as well as, group comparisons at baseline.  The first subsection demonstrates the 

closeness of the samples on the quantitative outcome measure at baseline.  The second 

subsection addresses research question one and two, examining achievement gains and 

comparing achievement gains between the study groups.  The third subsection addresses research 

questions three, that is, how did teachers and students react to the program and its homework 

component?   

 

 
        

  Baseline Group Equivalence 
        

 

Table 4 contrasts the baseline group means on the achievement assessment.  This table also 

shows statistical significance test results and effect size measures for the baseline group mean 

differences.  At both grade levels the paper homework students performed higher on the 

assessment at the start of the school year.  The magnitude of these differences is quite large as 

the average online homework student performed at the 28
th

 and 39
th

 percentile of the paper group 

at 6
th

 and 7
th

 grade respectively.  The difference between the groups was statistically significant 

at 6
th

 grade.  

 

 

TTaabbllee  44  BBaasseelliinnee  SSttuuddyy  GGrroouupp  CCoommppaarriissoonnss  

Grade/Measure 
Sample Size 

Online/Paper
1
 

Online HW 

Mean (SD)
2
 

Paper HW 

Mean 

(SD)
2
 

Group 

Difference
3
 

 p-

value 

Effect 

Size
4
 

Effect 

Size 

Percent
5
 

6
th

 Assessment 53/68 30.5 (10.2) 36.7 (10.8) -6.2 0.002 -0.57 28.4% 

7
th

 Assessment 43/80 31.2 (8.7) 35.2 (13.9) -4.0 0.089 -0.29 38.6% 

1. Online/Paper indicates the online homework group size / paper homework group size 

2. Mean indicates the group sample mean value and (SD) indicates the group sample standard deviation 

3. Group difference = online homework group mean - paper homework group mean 

4. Effect Size = group mean difference / paper HW sample standard deviation 

5. Effect Size Percent = percentile rank for the median online homework group score in relation to the distribution of the paper group 

 

 
           

  Group Comparisons of Achievement Gains    
           

 

This section will attempt to answer research questions one and two: 

 

RQ1. Do mainstream middle school students solely completing the Digits’ online homework, 

over the course of the first two units of content demonstrate a significant improvement in 

achievement and skill mastery?  
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RQ2. Do mainstream middle school students completing Digits online homework demonstrate a 

significant improvement in math achievement over otherwise similar students in classrooms 

using the program’s printable homework option?  

 

Digits students demonstrated large achievement gains when completing the 

online homework.    

 
The students completing the online homework at both 6

th
 and 7

th
 grade saw large gains on the 

content from the first two units.  When compared to the distribution of scores from the baseline 

testing those 6
th

 grade students scored, on average, at the 90
th

 percentile, while the average 7
th

 

grade student scored at the 73
rd

 percentile.    

 

Table 5 contrasts the adjusted mean achievement gains between the study groups for the first two 

units of content.  The table also shows significance test results and effect size measures for the 

group difference at each grade level.  After compensating for homework completion and the 

sample’s demographic make-up, the 6
th

 grade students using the paper homework option 

statistically out-gained their online homework peers by a large margin.  Conversely, the online 

homework students from 7
th

 grade statistically significantly out-gained the paper homework 

group.  The effect at 7
th

 grade in favor of the online homework students was nearly as large as 

that seen at 6
th

 grade.   

  

The 7
th

 grade students completing the online homework statistically significantly 

out-gained their paper homework peers.  The opposite was true at 6
th

 grade.    
 

 

TTaabbllee  55  SSttuuddyy  GGrroouupp  AAcchhiieevveemmeenntt  GGaaiinn  CCoommppaarriissoonnss  

Grade/Measure 
Sample Size 

Online/Paper
1
 

Online HW 

Mean Gain 

Paper HW 

Mean Gain 

Group 

Difference
3
 

 p-

value 

Effect 

Size
4
 

Effect 

Size 

Percent
5
 

6
th

 Assessment 53/68 12.3 20.2 -8.0 0.015 -0.62 27% 

7
th

 Assessment 43/80 6.3 4.3 2.6 0.019 0.22 59% 

1. Online/Paper indicates the online homework group size / paper homework group size 

2. Mean Gain indicates the adjusted group mean gain 

3. Group difference = online homework adjusted group mean gain - paper homework adjusted group mean gain 

4. Effect Size = adjusted group mean difference / entire sample standard deviation 

5. Effect Size Percent = percentile rank for the median online homework group score in relation to the distribution of the paper group 

 

 
        

 Teacher and Student Digits Opinions  
        

 

This section addresses research question three: 

 

RQ3. How did teachers and students react to the Digits program in general and the online 

homework specifically?   
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The first sub-section summarizes the results for the student Digits opinion surveys and the 

second sub-section summarizes comments collected from teachers during site visits, focus 

groups, as well as an online survey.   

 

 

Student Digits Attitudes 
Digits students were surveyed online following winter break as to their opinions on several 

aspects of the program, including the online homework.  An eight item section of the survey 

specifically asked students questions concerning their general opinions of the Digits program.  

These responses were coded as 1 for a positive response, 0 for a neutral response, and -1 for a 

negative response.  This scoring method anchors a completely neutral student at an overall score 

of zero with positive total scores indicating an overall positive attitude.   

 

On average, the response to the Digits program was overall positive and similar to the response 

from the entire study sample.  The reaction was more positive at 6
th

 grade and similar between 

the study groups.  The 7
th

 grade students using the paper homework option had a slightly more 

neutral opinion as a group than did the online homework students or the entire study sample.   

 

 

6
th

 Grade Online HW Paper HW Sample 

Average
 

2.47 2.94 3.17 

25
th

 percentile 2.00 1.00 1.00 

50
th

 percentile 4.00 4.00 4.00 

75
th

 percentile 6.00 6.00 6.00 

 

 

7
th

 Grade Online HW Paper HW Sample 

Average
 

1.56 0.80 1.45 

25
th

 percentile -1.75 -5.00 -2.00 

50
th

 percentile 2.00 -1.00 2.00 

75
th

 percentile 4.75 3.00 5.00 

 

 

The 6th grade students responded most positively (i.e., No, Not Really=10%, Sometimes=17%, 

Yes, Definitely=72%) to the online homework when asked to respond to the prompt: 

 

Q. I like doing my homework online instead of on paper. 

 

This result is the same as those results seen in the entire 6th grade study sample for this prompt.  

The 7th graders responded less positively than the 6th graders and less positively than the entire 

7th grade sample, but were still more positive than negative (i.e., No, Not Really=21%, 

Sometimes=44%, Yes, Definitely=35%). 
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When students were surveyed, 90% of 6
th

 grade and 79% of 7
th

 grade students 

indicated they liked using the online homework.   
 

Teacher Digits Attitudes 
Opinions about the Digits Middle Grades Math program were systematically collected from 

teachers during both site visit interviews and focus group sessions conducted at each school in 

late October 2011 and early April 2012.  These interviews provided a forum for teachers and 

administrators to answer specific questions as well as express their professional and personal 

opinions regarding the program.  The teachers were encouraged to speak without hesitation or 

inhibition, and to be as candid as possible.  These sessions provided extensive insight into 

teacher and student experiences with, and attitudes about, the program.   

 

The teachers from both schools feel the homework is very challenging for the majority of their 

students.  They also felt that it would be beneficial if the homework problems more closely 

resembled the examples from the lesson presentation.  The teachers from the paper homework 

school would like to have more examples available to them to better prepare their students for 

the homework assignments.   

 

The online homework school’s teachers agreed that the remediation feature is extremely helpful 

and they all reported their students liking this feature.  Also, these teachers would prefer to see 

the students’ work in answering their homework problems as well as an error analysis (i.e., 

incorrect answers) so they can identify specifically what skills and concepts students are having 

difficulty with.  Further, when surveyed the teachers assigning online homework all agreed that 

using the program had dramatically reduced the amount of time spent assigning and grading 

homework assignments by 180 minutes as reported by the 6
th

 grade teachers and 300 minutes as 

reported by the 7
th

 grade teacher. 
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                           IV. DISCUSSION      
              

 

Both the study schools overcame several daunting technology issues to participate in the research 

effort.  A program like Digits was deemed necessary as school-wide AIMS math scores have 

been substantially lower than the state average.  The Pearson technology team, along with the 

district’s technology director, was able to isolate problems within the schools’ infrastructure as 

well as develop fixes for all the issues.  Still the response to the Digits program by the teachers 

and students was overall positive.   

 

Next to the technology issues experienced at the beginning of the school year, the biggest 

challenge the schools faced participating in the study was getting students to consistently 

complete both the online and paper homework assignments.  Students completed about half of 

their homework assignments.  The homework was assigned as-is with no modification other than 

the students from one school completing their homework online and the others completing 

homework assignments printed out on paper.  All teachers agreed the homework was challenging 

for the majority of their students.   

 

The primary advantage seen from those teachers assigning online homework was the dramatic 

reduction in the amount of time spent assigning and grading homework, 180 minutes reported by 

the 6
th

 grade teachers and 300 minutes reported by the 7
th

 grade teacher.  A second major 

advantage inherent to the those students assigned the online homework was that they were 

allowed unlimited attempts at each problem and encourage to practice as much as possible until 

they get 100% or until the assignments expired the day of the topic test.  The school’s teachers 

agreed that the online homework’s remediation feature is extremely helpful to their students.  

The overwhelming majority of students themselves reported that the help offered by the online 

homework was useful to them.  The teachers, however, would prefer to see the students’ work in 

answering their homework problems as well as an error analysis so they can identify specifically 

what skills and concepts students are having difficulty with.  

 

The students completing the online homework at both 6
th

 and 7
th

 grade saw large gains on the 

content from the first two units.  In addition, the 7
th

 grade students completing the online 

homework statistically significantly out-gained their paper homework peers.  The opposite was 

true at 6
th

 grade.  It should be noted that the 7
th

 grade online homework students spent more time 

on the program daily (i.e., 15 minutes) and an additional ten full weeks of instruction to complete 

the first two units of content.  These students are however, much more ethnically diverse and 

completed significantly fewer homework assignments (i.e., the statistically model attempted to 

adjust for variation between the study groups in ethnicity and homework completion).  Their 

teacher was also rated by the program trainer as a very high implementer.  The opposite was true 

at 6
th

 grade. 
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  A.1  Study Site Descriptions   
              

 

This appendix summarizes the educational environment for each study site as well as a 

demographic breakdown.  This information is crucial for determining how applicable results 

from this study may be to the consumers of this report.   

 

In the 2009-10 school year, the school district served a community of over 11,000.  The median 

household income is approximately $37,000 indicating a lower middle-class community.  The 

median age for this community is 33, three years less than the national median and the percent of 

households with children is 35%, which is slightly higher than the national average of 31.4%.  

 

Online Homework School 
The school with students using the online homework is located in a rural setting.  This school 

faces several challenges. The district resides in a low income area where many students speak 

English as a second language and many of the children do not have access to technology.  In 

addition, a large portion of this school’s population experience personal struggles that interfere 

with their preparedness and motivation to learn.  The school has a parent involvement plan in 

place to encourage parents to become involved in the school and in their child’s education.  

 

It is a small-medium sized school serving just over 600 students in grades Kindergarten through 

grade eight.  The 6
th

 and 7
th

 grades are made up of just under 100 students each. Forty-five 

percent of the school’s population is made up of Hispanic students. Caucasian and American 

Indian make up 24% and 23% of the student population respectively.  The remainder of the 

population is comprised of 8% African American and 1% Asian/Pacific Islander students. 

Seventy-nine percent of the students at this school are eligible for free/reduced lunch, which 

places this school into the high range for participation in the nation’s free or reduced-price lunch 

program. 

 

This school did not meet AYP in the 2009-10 school year.  The percentage of 6
th

 grade students 

testing at standard in mathematics in the 2009-10 school year was 34%, 28% lower than the 

statewide results.  In 7
th

 grade the percentage of students testing at standard in mathematics was 

33%, 24% lower than the statewide results.  In reading, the percentage of 6
th

 grade students 

testing at standard was 10% lower, at 67%, than the statewide results.  The percent of 7
th

 grade 

students testing at standard in reading was 52%, 25% lower than the statewide results.  The 

student/teacher ratio is approximately 16 to 1.   

 

Seven teachers from this school, five from 6
th

 grade and two from 7
th

 grade, participated in the 

Digits study in the 2011-12 school year.  In 6
th

 grade, three teachers were randomly assigned to 

the treatment condition and the other the remaining two were assigned to the comparison 

condition. In 7
th

 grade the two teachers were randomly assigned to either the treatment or 

comparison condition.  

 

Paper Homework School 
The school with the students using the paper homework option is located in a rural setting.  This 

school has a small staff, but they work hard to give their students a positive educational 

experience.  The teachers have committed themselves to their students’ success by encouraging 
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and supporting them both in and outside of the classroom.  This is evident in their Character 

Counts program.  The goal of this program is to provide students with a framework for ethical 

living by teaching and advocating their “Six Pillars of Character” (i.e. trustworthiness, respect, 

responsibility, fairness, caring and citizenship) and by modeling how to exhibit those traits.  

 

It is a small-medium sized school serving just over 500 students in grades Kindergarten through 

eight.  The 6
th

 and 7
th

 grades are made up of approximately 60 students each.  The school’s 

population is comprised primarily of Caucasian and Hispanic students at 44% and 35% 

respectively. The remainder of the population is made up of 11% African American, 7% 

American Indian and 4% Asian/Pacific Islander students.  Sixty-seven percent of the students at 

this school are eligible for free/reduced lunch, which places this school into the high range for 

participation in the nation’s free or reduced-price lunch program. 

 

This school met AYP in the 2009-10 school year.  In mathematics, 34% of 6
th

 grade students 

tested at standard in the 2009-10 school year, as compared to 56% testing at standard statewide.  

The percentage of students in 7
th

 grade testing at standard in mathematics during this school year 

was 40%, 17% lower than the statewide results.  In reading, the percentage of 6
th

 grade students 

testing at standard was 72%, 5% lower than the statewide results.  The percent of 7
th

 grade 

students testing at standard in reading was 84%, 7% higher than the statewide results.  The 

student/teacher ratio is approximately 20 to 1.   

 

Two teachers from this school, one from 6
th

 grade and one from 7
th

 grade, participated in the 

Digits study in the 2011-12 school year.  Both teachers were assigned to use the digits 

curriculum.  Their students were required to complete paper-and-pencil homework assignments, 

and did not utilize the online homework feature of Digits in any way.  This school participated in 

the study solely to provide a comparison group of students to test the effectiveness of the online 

homework.  

 


