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Abstract 
A two-month pilot study comprised of 34 second through fourth grade Hispanic students 
from four bilingual education classrooms was conducted to compare the efficacy of the 
2004 version of the Project LISTEN Reading Tutor against the standard practice of 
sustained silent reading (SSR).  The Reading Tutor uses automated speech recognition to 
“listen” to children read aloud.  It provides both spoken and graphical feedback in order 
to assist the children with the oral reading task.  Prior research with this software has 
demonstrated its efficacy within populations of native English speakers.  This study was 
undertaken to obtain some initial indication as to whether the tutor would also be 
effective within a population of English language learners.   
 
The study employed a crossover design where each participant spent one month in each 
of the treatment conditions.  The experimental treatment consisted of 25 minutes per day 
using the Reading Tutor within a small pullout lab setting.  Control treatment consisted 
of the students who remained in the classroom where they participated in established 
reading instruction activities.  Dependent variables consisted of the school districts 
curriculum based measures for fluency, sight word recognition and comprehension. 
 
The Reading Tutor group out-gained the control group in every measure during both 
halves of the crossover experiment.  Within subject results from a paired T-Test indicate 
these gains were significant for one sight word measure (p = .056) and both fluency 
measures (p < .001).  Effect sizes were 0.55 for timed sight words, a robust 1.16 for total 
fluency and an even larger 1.27 for fluency controlled for word accuracy.  These 
dramatic results observed during a one-month treatment indicate this technology may 
have much to offer English language learners. 
 
 

Introduction and Motivation 
 

Of the many challenges facing public schools today, one clear area of concern is 

how to meet the growing demand to educate our countries rising population of limited 

English proficient (LEP) students.  Slavin & Cheung (2003) identify reading instruction 

for English language learners1 (ELL) as “one of the most important issues in all of 

educational policy and practice”.  A surprising 20% of all U.S. students come from 

homes where English is not the primary language spoken (Van Hook & Fix, 2000).  This 

population continues to grow at an overwhelming pace.  From 1991-92 through 2001-02 

                                                 
1 Throughout the body of research, the terms limited English Proficient and English language learner are 
used somewhat interchangeably.  Following the convention of (August & Hakuta, 1997) we adopt the term 
English language learner or ELL whenever possible as it carries a more positive tone. 
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ELL enrollments rose 95% compared to a 12% growth in total K-12 enrollment.  This 

signifies an ELL growth rate of nearly eight times that of the general student body 

(Padolsky, 2002).  While this population represents a wide range of language groups, 

roughly ¾ of all English language learners come from Spanish speaking homes (Moss & 

Puma, 1995; Ruiz de Velasco & Fix, 2000; Zehler et al., 2003).  

Not only is this population growing, but also their achievement levels continue to 

lag far behind their native English-speaking peers.  Third grade ELL students rank in the 

30th percentile for reading, with 16% of this group receiving a grade of unsatisfactory in 

reading compared to only 7% of native English speakers (Moss & Puma, 1995).  District 

coordinators report that 76% of third grade English language learners were either below 

or well below grade level in reading (Zehler et al., 2003).  The National Center for 

Education Statistics find that a mere 7% of LEP fourth graders were at or above the 

Proficient level and only 28% reached the Basic level for reading achievement within 9 

major urban school districts sampled (NCES, 2003). 

Research overwhelmingly indicates that current educational practices are not 

meeting the needs of this population.  Guerrero & Sloan (2001) cite a large body of 

research indicating lower achievement levels for minority-language children 

(predominantly Spanish speaking) and conclude that this group has an increased risk of 

poor literacy in both their native and second languages (see, Arias, 1986; Congressional 

Budget Office, 1987; De La Rosa & Maw, 1990; Durgunoglu, 1998; Haycock & 

Navarro, 1988; Kao & Tienda, 1995; Orfield, 1986; Verhoeven & Aarts, 1998). 

Under the present political environment, this issue is becoming even more critical.  

The No Child Left Behind Act of 2001 has placed demands on school districts to meet 
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Adequate Yearly Progress goals for all subgroups including English language learners.  

In fact, Title III of this legislation (Language Instruction For Limited English Proficient 

And Immigrant Students) is devoted specifically to the need to raise the achievement 

levels of our nation’s English language learners.  Those schools that fail to meet AYP 

goals for this or any other subgroup over three consecutive years will face a myriad of 

sanctions (NCLB, 2001).  Clearly, helping English language learners close the gap on 

their native English speaking peers will need to be a priority if our schools are to meet the 

challenges set out by this legislation.  While NCLB places strong demands on 

performance and accountability, it does not legislate the methods that schools must use. 

In terms of methodology, a great deal of research has centered on the language of 

instruction.  This research can be divided into two broad categories; one supporting the 

use of native language instruction initially and then transitioning students to English and 

the other supporting instruction based in English-only immersion.  Although there are 

extensive findings on both sides of this paradigm (see August & Hakuta, 1997; Chu-

Chang, 1981; Seder, 1998; Slavin & Cheung, 2004; Slavin & Cheung, 2003; Thomas & 

Collier, 2001), one conclusion that seems common among research reviewers is that 

instructional practices may in fact have greater bearing on achievement than the language 

of instruction (August & Hakuta, 1997; Slavin & Cheung, 2003).  August (2003) 

specifically identifies “a desperate need for more theoretically-driven research that 

employs quasi-experimental designs and high quality assessments to examine the 

effectiveness of instructional practices designed to bolster the literacy of English 

language learners”. 
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Technologically based reading interventions are specifically cited as an area 

where future research is needed.  August (2003) identifies the use of technology to 

support ELL literacy education as one of two areas particularly worthy of research 

efforts, noting its ability to both teach and assess component literacy skills.  The National 

Reading Panel identifies the use of speech recognition technology in reading instruction 

as an area in need of further research (NRP, 2000).  The use of technology and electronic 

texts has been observed as an important component in K-8 grade ESL classrooms 

(Meskill, Mossop & Bates, 1999).  Finally, ESL teachers report that their students are 

both highly motivated by the use of computers and that they perceive higher social status 

with the mastery of computer skills (Meskill & Mossop, 2000, cited in August, 2000). 

In response to this driving need for research to identify better tools and methods 

to help English language learners, this research seeks to provide some initial findings on 

the efficacy of one particular computer-based tool for reading instruction, the Project 

LISTEN Reading Tutor. 

Background 

The Project LISTEN Reading Tutor has been an ongoing area of research at 

Carnegie Mellon University since 1992.  Its development has been research based and 

has centered on modeling expert teachers (Mostow & Aist, 2001; Mostow et al., 2003a).  

Since its inception, the Project LISTEN team has compiled an extensive body of research 

indicating the technology to be an effective tool for literacy instruction within various 

populations of native English speaking children (Aist, 2002; Aist et al., 2001; Aist & 

Mostow, 1997; Mostow et al., 2003a; Mostow & Aist, 2001; Mostow & Beck, 2003).  

While beyond the scope of this paper, a complete description of the research basis and 
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findings of the Project LISTEN team can be found at http://www-

2.cs.cmu.edu/~listen/research.html. 

The following briefly summarizes some of the major findings that relate to this paper. 

 A 1996-97 pilot study of six bottom performing third grade children who pre-
tested at approximately 3 years below grade level identified an average two-year 
gain in reading level pre to post-test while using the Reading Tutor during the 
eight-month study as measured by school administered reading inventories (Aist 
& Mostow, 1997). 

 A 1998 within classroom controlled study of 72 second, fourth and fifth graders 
compared the Reading Tutor to regular instruction and commercial reading 
software over a four-month study.  The Reading Tutor group significantly out-
gained the regular instruction control group in Passage Comprehension as 
measured by the Woodcock Reading Mastery Test (WRMT).  No significant 
differences were recorded between groups for Word Attack, Word Identification 
or oral reading fluency (Mostow et al., 2003b). 

 A 1999-2000 between classrooms controlled study of 131 second and third 
graders from 12 classrooms compared daily usage of the Reading Tutor to daily 
human tutoring by a certified teacher and to a regular instruction control group 
within each classroom.  Results from the yearlong study indicated that children 
assigned to the Reading Tutor condition as well as those children assigned to the 
human-tutor condition significantly out-gained control in word comprehension 
and suggestively in passage comprehension.  The human tutored group 
significantly out-gained the Reading Tutor group in Word Attack only.  No 
significant difference in gains for Fluency and Word Identification were recorded 
(Mostow et al., 2003a). 

 A 2000-2001 study of 178 children from grades 1 through 4 at two schools 
compared 20-minute daily treatments of the Reading Tutor to the standard 
practice of 20 minutes sustained silent reading over a 7-month study.  Reading 
Tutor group significantly outgained statistically matched SSR group in word 
identification, word comprehension, passage comprehension, fluency, phonemic 
awareness, rapid letter naming and spelling measures.  Most of the significant 
gains were observed in grade 1 (Mostow et al., 2002). 

 A 2002 pilot study of 35 Canadian English language learners ranging from first to 
sixth grade investigated the usability of the Reading Tutor for ELL’s.  Participants 
represented three different native languages: Tamil, Mandarin and Cantonese.  
Results indicated that roughly 86% of participants were able to effectively interact 
with the Reading Tutor.  However, questions were raised as to whether the ELL’s 
would be able to benefit from the Reading Tutor in its current form (Li, 2002). 

 
The primary goal of this research was then to build on to the results presented by 

Li (2002) and determine if English language learners would demonstrate measurable 
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gains in reading skills as a result of reading instruction that includes regular use of the 

Project LISTEN Reading Tutor. 

Reading Tutor Description 

The Project LISTEN name is based on the acronym “Literacy Innovation that 

Speech Technology ENables”.  Central to the pedagogy of this tutor is its implementation 

of the Sphinx II speech recognition engine.  This technology enables the Reading Tutor 

to analyze children’s oral reading, track their place within the context of a story and 

provide feedback to children both preemptively and in response to difficulties they 

encounter during the oral reading task (Mostow & Aist, 2001).  The software is 

implemented on standard Windows computers and utilizes inexpensive headphones with 

a noise-canceling microphone. 

 

Reading Activities 

All Reading Tutor sessions begin with the student logging in to the system by 

selecting their name and birth month from talking menus.  When students log in for the 

first time, they are presented with an initial reading activity that also serves as a basic 

tutorial.  Students are walked through the simple controls for the tutor via a story 

featuring a mouse named Kyle, who in the context of the story is also learning to use the 

Reading Tutor.  This tutorial focuses on learning navigation controls, understanding 

when the student is expected to read aloud and how to get help from the tutor on difficult 

words.  Two other “tutorial stories” are presented to the students at later times, one on 

how to use the keyboard and the other on how to write and narrate a story within the 

Reading Tutor environment. 
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After completing the initial tutorial, students begin taking turns with the Reading 

Tutor to select the next story to read.  This alternating choice approach was first 

implemented in the 1999 version of the Reading Tutor in order to address a pattern where 

students were repeatedly selecting the same easy stories (Aist, 2000; Aist & Mostow, 

2000; Mostow et al., 2003a).  When it is the student’s turn to pick a story, the tutor 

suggests an appropriate level and the student is free to choose any story at that level or 

select a story from any other level.  The number of times a student has read a particular 

story is displayed alongside each story title in the menu.  When it is the tutor’s turn, a 

previously unread story is selected at the students current recommended reading level.  

The recommended reading level is continuously assessed and adjusted by the tutor based 

on the student’s oral reading rate (Aist 2000; Mostow & Aist, 2001; Mostow et al., 

2003a; Jia, Beck & Mostow, 2002). 

Figure 1 shows a typical screen during the assisted oral reading task.  Sentences (or 

phrases) are displayed one at a time for the student to read.  Words that have been 

accepted by the tutor are highlighted as the student reads them.  The Reading Tutor 

provides assistance whenever it detects a long pause, a skipped word, a seriously misread 

word or preemptively for difficult words (Mostow & Aist, 2001; Mostow et al., 2003a). 
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Figure 1:  Screen capture from the Project LISTEN Reading Tutor 

 

Students can also request help from the tutor by simply clicking on a word.  The 

Reading Tutor provides assistance in one of the following forms: 

 speaks the whole word aloud 

 re-cues the word by rereading the sentence leading up to (but not 

including) the word 

 decomposes the word into syllables, onset and rhyme, or phonemes 

(speaking each component while highlighting it) 

 displays and reads a different word with the same onset or rhyme (ie. for  

“lump” it might display “jump” while saying “rhymes with jump”) 

 display a picture (ie. display an apple for the word apple) 

 play a sound effect (ie. a roar for the word lion) 
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The last two interventions are only available for a small set of words and are 

therefore rarely used.  When more then one of these interventions is appropriate, the tutor 

chooses randomly between them (Aist, 2002; Mostow et al., 2003a). 

 To support comprehension, the Reading Tutor also provides whole-sentence help 

in one of two forms.  It either reads the sentence fluently or it reads the sentence one, 

word, at, a, time while asking the student to read along.  Words in the sentence are 

highlighted as the tutor reads them.  This type of support is provided whenever the 

student requests it (by clicking on the screen below the sentence), when the student has 

difficulties on multiple content words, when the tutor detects long pauses between words 

or preemptively for sentences containing difficult words (Aist, 2002; Mostow et al., 

2003a).  For most words and sentences, Reading Tutor assistance uses recorded human 

voices as opposed to computer-synthesized speech. 

 

Experimental Design 

This study was designed to present some initial indication as to the efficacy of the 

Reading Tutor compared to a control condition consisting primarily of sustained silent 

reading within a population of English language learners.  The participants in the study 

were recruited from a Chicago area suburban school with a significant population of 

Hispanic bilingual students (36.4%).  The school enrollment of 586 students is made up 

of roughly 35% white, 4% African American, 51% Hispanic and 10% Asian / Pacific 

Islander.  36% of the schools student body is designated as low-income (ISBE, 2003).  

All students enrolled in the bilingual program in grades two, three and four at the school 

were invited to participate via a consent agreement sent home with the children.  The 
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consent form was distributed in Spanish as many of the children’s parents have a very 

limited capacity to read in English. 

The consent agreement indicated that all students who wished to participate 

would need to stay after school for one hour Monday through Thursday.  This was 

because the school district had initially agreed to only allow the study outside of regular 

classroom hours.  This requirement may have reduced the number of children who 

volunteered to participate, although no measure of this was collected.  After the 

completion of pre-testing and assignment to groups, a busing issue caused the after 

school aspect of the treatment to be cancelled and the study treatments were rescheduled 

to occur Monday through Friday during the classrooms daily scheduled silent reading 

time. 

It should be disclosed that the principal investigator had an established connection 

with the school site where this research was conducted having worked at the school as a 

reading tutor for both bilingual and mainstream children and with additional 

responsibilities involving PE class and playground supervision.  As such, he also had an 

established rapport with the majority of the study participants. 

 

Subjects 

All students who replied to the consent letter were admitted into the study with 

the following exception.  Nine students who signed up were also enrolled in a peer-

tutoring program that was being offered concurrently at the school.  Because of 

scheduling conflicts between the two programs, it was decided that those children 

enrolled in peer tutoring would not be eligible for this study.  We also intended to screen 
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out those children whose English language skills were felt to be too limited to operate the 

Reading Tutor.  However, based on the results of (Li, 2002) determining that very low 

English proficient students are able to operate the Reading Tutor and discussions with the 

teachers, it was decided that all of the remaining 34 applicants met this liberal standard 

for inclusion.  It should be noted that students whose self-assessed English reading 

proficiency was extremely low may have “screened themselves out” by simply not 

volunteering.  Participants came from four classrooms: one second-grade, one third-

grade, one 3-4 multiage classroom and one 4-5 multiage classroom.  Table 1 shows the 

distribution of participants by grade level and gender. 

 

N 2nd grade 3rd grade 4th grade total 

male 3 6 8 17 

female 8 4 5 17 

total 11 10 13 34 

Table 1:  Participant Distribution by Grade Level and Gender 

  

Treatment Model and Group Assignments 

A crossover experiment was identified as the model for the study.  Under this 

model students were randomly assigned to two groups, stratified by reading fluency 

pretest score (total words read) and by grade level.  During the first month of the study, 

group one was assigned to the Reading Tutor intervention while group 2 was assigned to 

the control condition.  During the second month, group treatments were reversed.  

Primary motivation for this design was to allow all volunteers the opportunity to 

participate in the reading tutor treatment condition for some amount of time.  This was 
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considered important because the majority of the respondents who enrolled in the study 

did so specifically because of a desire to use the computer-based reading tutor.  

Therefore, the design was established to meet this equal opportunity criterion. 

 

Interventions 

Reading Tutor interventions took place in a small pullout lab staffed by the 

principal investigator and equipped with ten PC’s each running the 2004 version of the 

Project LISTEN Reading Tutor.  Students attended the lab for 25 minutes each day over the 

four-week treatment.  During each session, students independently worked on oral 

reading and writing tasks with the computer-based tutor as described in the background 

section of this paper.  All reading tutor interventions were provided in English language 

only. 

Control interventions took place in the regular classroom during the time that 

Reading Tutor treatment was provided in the pull out lab.  Students who remained in the 

classroom included both students not enrolled in the study and study participants assigned 

to the control condition.  During this time they participated in what the school defines as 

D.E.A.R. time (Drop Everything And Read).  This time is somewhat unstructured, but is 

primarily designated as a time students spend engaged in Sustained Silent Reading (SSR) 

of self-selected materials.  All four teachers reported 100% of this time was spent in some 

form of reading instruction and confirmed that SSR was the primary activity.  Additional 

group interventions reported by teachers included some read alouds (teachers reading a 

story to the class) and partner reading (two students taking turns reading to each other).  
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Two teachers also reported that some writing activities took place in the form of time 

spent writing in their daily journals. 

The second and third grade teachers reported working individually with 

approximately 1 to 3 students per day in guided reading activities during this time.   The 

second grade teacher indicated this individual instruction included word recognition, 

phonics and decoding skills, “mainly in Spanish, but some English”.  The third grade 

teacher indicated this time was spent individually reading with each student.  She further 

indicated that this instruction took place in both Spanish and English depending on the 

individual needs of the student.  No quantitative data about the exposure and specific 

nature of this individual attention provided to control subjects was available. 

All teachers reported that both Spanish and English reading instruction was 

included during D.E.A.R. time.  Students were free to pick materials in either language as 

part of their silent reading activity.  The second grade teacher reported students were 

more likely to select Spanish material than English, the third grade teacher reported that 

the children were equally likely to read in Spanish or English and the fourth grade 

teachers reported that English materials were more commonly chosen. 

 

Other Reading Instruction 

The schools principal reports that between 120 and 150 minutes per day is 

devoted to direct reading instruction in the classroom.  This figure was confirmed by 

feedback obtained from teachers and appears to have been consistent across all 

classrooms involved in the study.  The language used for reading instruction is much 

more difficult to characterize.  In general terms, the ratio of Spanish instruction to 
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English instruction was higher for the younger grades.  Second grade instruction was 

reported to be primarily in Spanish with some English, third grade instruction was 

reported to be 50 / 50 and fourth grade instruction was reported to be primarily English.  

However, this was reported to be a broad characterization and all teachers reported that 

language of instruction was determined more by individual need than by this sweeping 

guideline. 

 

Measures 

Assessments used were selected reading components from the school districts 

Curriculum-Based Measures (CBM’s).  The particular measures selected constitute an 

informal reading inventory used throughout the school district and included measures for 

fluency, sight word recognition and comprehension.  All reading passages selected were 

adapted from the basal reading curriculum used in the school.  All assessments for a 

given grade level used the same reading passages and word lists.   

  The comprehension measure was made up of a single, group administered cloze 

test where students were asked to identify ten missing words from a reading passage at 

their current grade level.  Second grade passages provided three multiple-choice options 

for each word.  Third and fourth grade passages required students to fill in the blank. 

The fluency measure included two subcomponents, one a measure of total words 

read in one minute (referred to as fluency: total words) and the other a measure of words 

read correctly in one minute (referred to as fluency: read correct).  Reading passages 

were selected at one year below grade level.  This selection is supported by Mirkin & 
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Deno (1979) who find that passage difficulties at the independent or instructional level 

are more sensitive to growth than passages at the frustration level. 

The sight word identification measure also included two subcomponents, one a 

measure of the number of words identified automatically (words identified within a 2 

second time limit) and the other a measure of total words decoded (words identified with 

no time limit).  These measures are referred to throughout this paper as sight words timed 

and sight words untimed respectively.  All students were tested on three levels of sight 

words ranging from two levels below grade level through their current grade level.  Each 

level was made up of a set of 20 words (60 words in total) adapted from the Houghton 

Mifflin Informal Reading Inventory. 

The CBM’s were selected for several reasons.  First, research has consistently 

supported the validity and reliability of these measures (Baker & Good, 1995; Deno, 

2003; Fuchs & Deno, 1991).  The characteristics of these measures make them 

particularly well suited to monitoring short-term progress compared to published norm-

referenced tests that are geared toward measuring growth over long periods of time 

(Baker & Good, 1995).  A primary use of the CBM identified by Deno (2003) is the 

formative evaluation model where regular fine-grained assessments are used to make 

judgments on the effectiveness of particular interventions.  Finally, research has 

identified the reliability, validity and sensitivity of CBM assessments within populations 

of English language learners (Baker & Good, 1995; Deno, 2003).  These characteristics 

combined with the nature of this short duration study made the established district CBM 

reading inventories a robust assessment choice. 
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Materials 

Reading materials available to students during regular classroom instruction 

include both Spanish and English language materials.  Teacher’s characterization of this 

material indicated that it was very general in scope.  They indicate that both fiction and 

non-fiction books were available of various levels and lengths.  Teachers indicated that 

materials were separated by level and that students were individually directed toward 

material appropriate for their recommended reading level.  Students were also allowed to 

use materials checked out from the schools library.  The third grade teacher further 

indicated that materials were rotated and the selection would include some representation 

of a general theme being discussed in class.  “Ocean books” was one of the themes 

mentioned during the course of this study. 

 The Reading Tutor contains hundreds of leveled stories for students to choose 

from representing a wide range of interests and styles.  Materials range from introductory 

levels “K” (kindergarten) and “A” (1st Grade) through advanced material at level G (7th 

grade).  Stories are drawn from a variety of sources including Weekly Reader, public 

domain web sources like www.gutenberg.net and stories written specifically for the 

Reading Tutor. Mostow et al. (2003a) presents a detailed description of the specific types 

of materials represented by each level. 

 

Results 

 We now consider the results in an effort to address two questions.  First we 

consider a within subject analysis to address the question:  Did individual students gain 

more in the month they used the Reading Tutor than in their month in the sustained silent 
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reading group?  Second, more generally, we consider an analysis of covariance to 

determine what other variables may have significantly affected the observed gains. 

 

Within Subject Analysis 

Based on the crossover design, we first consider the within subject results based 

on a two tailed paired T-test.  We analyze the gain for each student’s score and compare 

the gain observed during control treatment versus Reading Tutor treatment.  Mean gains 

for students during Reading Tutor group exceeded mean gains for the control group for 

every dependent measure.  Results of the paired T-test indicate that these differences 

were significant for fluency: total read (p < .001), fluency: read correct (p < .001) and for 

timed sight words (p = .056).  In order to present results comparable to other research on 

reading interventions, we follow the National Reading Panel standardized mean 

difference formula (treatMean – contMean) / (0.5 * (treatStdDev + contStdDev)) to 

calculate effect sizes (NRP, 2000).  Effect sizes were robust for both fluency measures 

(1.16 for fluency: total read and 1.29 for fluency: read correct).  Effect size for the timed 

sight word measure was also substantial at 0.58. 

The sight word measure was subject to a ceiling effect with three students 

identifying all 60 sight words on the timed measure and seven students able to decode all 

60 words for the untimed measure.  It is not clear what impact this ceiling effect may or 

may not have had on the results reported here. 

 A summary of the data from the within subject analysis is presented in table 2. 
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Dependent Measure†         
  Treatment Mean Gain Mean SD p‡ effect* 
Fluency: total read (n = 30)     0.000 1.16 
  Reading Tutor 17.1 11.1     
  SSR** 4.1 11.3     

Fluency: read correct (n=30)     0.000 1.29 
  Reading Tutor 17.7 9.8     
  SSR** 4.6 10.5     
Sight Word: timed (n = 30)     0.056 0.58 
  Reading Tutor 3.0 1.4     
  SSR** 1.4 2.8     

Sight Word: untimed (n = 30)     0.127 0.49 
  Reading Tutor 2.0 2.1     
  SSR** 1.0 2.1     
Comprehension (n = 25)     0.553 0.22 
  Reading Tutor 0.6 2.0     
  SSR** 0.1 2.0     
† Data based only on subjects who took all three tests for a given dependent measure (4 students missed 
post-testing, 5 additional students missed crossover comprehension tests) 
‡ Based on a two tailed paired T-test 
* Effect size based on NRP (2000) Standardized Mean Difference formula. 
** Sustained Silent Reading 
 

Table 2:  Within Subject Analysis 
 

 

ANCOVA analysis 

 Second we consider an analysis of covariance to address what other variables may 

have influenced the observed gains.  To facilitate this analysis, we first consider the data 

from both halves of the crossover experiment as a whole.  We define a start and finish 

parameter for each dependent variable.  We also define a treatment parameter for the 

overall dataset.  For every student, we then added two rows to the dataset, one for their 

data during the control treatment and the other for their data during the Reading Tutor 

treatment.  Start and finish parameters are set to their test scores at the beginning and end 

of the month for the treatment specified by the given row.  Group number in this dataset 
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now represents the month that they participated in the Reading Tutor treatment and is 

used as a fixed variable to test for the significance of the order in which students received 

treatments. 

 We then performed an ANCOVA analysis for each dependent measure using 

finish score as the dependent variable and start score as a covariate.  The model also 

included fixed variables for grade level, group and gender.  The results again identified 

both fluency measures as significant (p = .002) in addition to sight word timed (p = .050).  

Surprisingly, this analysis also identified comprehension as being suggestive (p = .089) 

although with a minimal effect size of 0.19.  Table 3 summarizes the general results from 

this dataset. 

 
Dependent Measure Pre Test Post Test Pre to Post Gain     
  Treatment Mean Mean Mean Std Dev P† effect‡ 
Fluency: total read      0.002  1.16 
  Reading Tutor 86.6 103.5 16.8  10.7     
  SSR* 90.7 94.9 4.2 11.1     
Fluency: read correct        0.002  1.27 

  Reading Tutor 81.4 98.7 17.3 9.5     
  SSR* 85.2 89.8 4.7  10.3     
Sight Word: timed         0.050  0.55 
  Reading Tutor 50.2 53.1 3.0 2.6     
  SSR* 51.0 52.5 1.5 2.8     
Sight Word: untimed        0.236  0.40 
  Reading Tutor 53.6 55.5 1.9 2.3     
  SSR* 54.2 55.2 1.0 2.1     
Comprehension         0.089  0.19 
  Reading Tutor 6.2 6.6 0.5 1.9     
  SSR* 6.3 6.5 0.2 1.9     
† Based on ANCOVA analysis of treatment effect on post-test score with pretest score as a covariate.  Model also 
included treatment month, grade level and gender as additional sources of variance. 
‡ Effect size based on NRP (2000) Standardized Mean Difference formula. 
* Sustained Silent Reading 

 
Table 3:  Summary of two-month combined results over all data (N = 68) 

Each student’s results are included from both of their treatments 
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 The ANCOVA analysis did not show any other individual factors besides 

treatment as significant for any measure.  However, there were several significant 

interactions for sight word and comprehension measures.  For sight words timed, two 

interactions were significant: treatment * gender (p = .004) and treatment * grade (p = 

.004).  Treatment * grade was also significant for sight words untimed (p = .008).  

Comprehension scores showed several interactions as significant: treatment * gender (p = 

.060), gender * grade (p = .040) and treatment * group (p = .054).  In addition, the three 

level interaction, treatment * grade * group, was significant for sight words timed (p = 

.047), sight words untimed (p = .022) and comprehension (p = .000). 

The meaning of these significant interactions is not clear.  They may simply be a 

result of over fitting the data.  Then again, it is interesting to note that grade is a 

component in six of the nine interactions in addition to being somewhat suggestive (p = 

.177) for the sight words timed measure.  Mostow et al. (2002) in their comparison of the 

Reading Tutor to SSR with 178 first through fourth grade native speaking students, found 

that students from different grades showed dramatically different gains during the seven-

month study.  The results from the ANCOVA here seem to suggest that additional 

statistical analysis is required.  In particular, data should be considered separately within 

each grade to see if the efficacy of the tutor was consistent at different grade levels, or if 

the tutor was more efficacious for some grades over others. 
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Discussion 

The purpose of this study was to investigate the efficacy of the Project LISTEN 

Reading Tutor within a population of English language learners.  Mostow & Beck (2003) 

define efficacy as the gain achieved based on a specified amount of usage and further 

define effectiveness as the increase in gains produced by a particular intervention when 

compared to what the intervention replaces.  The simple formula they present to relate 

these terms is effectiveness = efficacy * usage.  Based on these definitions, we now 

discuss the results of this study in terms of the observed usage and effectiveness, noting 

that the consistency of the observed usage would make any attempt to separate efficacy 

from effectiveness a tenuous prospect at best.  We then conclude the discussion by 

examining the limitations of this study and potential directions of future research. 

 

Usage 

Usage data recorded by the Reading Tutor indicates that participants spent 323 

minutes on average engaged in Reading Tutor activities over the course of a four-week 

intervention.  This exposure was relatively consistent with a standard deviation of only 

45.86 minutes or 15%.  It is also interesting to note that the lab was only available for 450 

minutes during each treatment period (18 actual school days * 25 minutes per day 

available to each class), indicating a very high overall utilization of better than 70%.  

This value is even more impressive when considering the context of this study during the 

last two months of the school year.  This is a very chaotic period and there were many 

end-of-year assemblies, field trips and other distractions.   
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This result supports the observation that students were highly motivated to work 

on the Reading Tutor.  Teachers reported that students regularly reminded them when it 

was time to use the lab and looked forward to their scheduled time throughout the 

duration of the study.  Teachers also reported a belief that the Reading Tutor was 

beneficial to their students.  The utilization data supports this perceived value, especially 

in the context of the work of Mostow& Beck (2003) determining teacher as the largest 

influence in predicting Reading Tutor usage. 

As a final usage note, we also briefly consider the usability of the Reading Tutor 

for ELL’s.  The results of this study confirm the findings of Li (2002) that children with 

very low English proficiency are able to interact effectively with the tutor.  All 

participants in this study were able to operate the Reading Tutor with very minimal 

support.  During their first day of attendance, participants were assisted by the lab 

supervisor in creating a login account and then completed the initial tutorial reading 

activity independently.  During all subsequent sessions, students logged in and interacted 

with the Reading Tutor independently.  Based on the direct observations of the principal 

investigator while supervising Reading Tutor sessions, it is theorized that the children 

were empowered by their ability to work within the Reading Tutor environment 

independently and this may have accounted for some of the observed enthusiasm and 

consequently also been a factor in the positive outcomes.  The only area where additional 

direction was consistently requested was in writing tasks, and even this was infrequent 

and more commonly related to writing skills than operating the tutor. 

 

Effectiveness 
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 Clearly, the results indicate the Reading Tutor was effective, primarily in terms of 

raising fluency.  However, ultimately the object of the exercise in literacy education is 

comprehension.  Many studies indicate a direct link between fluency and comprehension 

based on the ability of the fluent reader to redirect attention from decoding to 

comprehension (Denton et al., 2004; NRP, 2000; Parker, Hasbrouck & Lara-Alecio, 

2001; Snow, Burns & Griffin, 1998).  Fuchs & Deno (1991) have specifically 

demonstrated a strong correlation between CBM oral fluency measures and reading 

comprehension measures from the Woodcock Reading Mastery Test.  

Fluency has also been identified as a critical component of comprehension in 

research specific to English language learners (August, 2003; Parker et al., 2001).  While 

the results of this study do not show a significant difference in comprehension scores 

between treatment and control conditions, we do note that treatment groups did 

consistently out gain controls in the comprehension measure.  Further, the magnitude of 

the gains observed in fluency measures give a good basis to believe the tutor can 

effectively support ELL’s comprehension growth as well. 

In order to more fully examine the effectiveness of the Reading Tutor, we now 

address two critical questions: what needs of English language learners did the Reading 

Tutor effectively meet and what can be done to make the Reading Tutor more effective 

for these students. 

 

What does the Reading Tutor have to offer English language learners? 

Foorman & Torgesen (2001) conclude that children who are most at risk for 

reading failure should be supported by the same instructional components as their higher 
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performing peers, but that these components need to be emphasized in ways that make 

them more comprehensive, intensive and explicit and further that these characteristics be 

supported by a base of small-group and one-on-one instruction.  Research has shown that 

intensive reading interventions designed for native English speakers are also effective in 

bilingual settings when those interventions are carried out with fidelity and high levels of 

student engagement (Parker et al., 2001).  The Reading Tutor supports all of these 

general criteria. 

Clearly, it can provide one-on-one assisted oral reading opportunities for at risk 

bilingual students.  Additionally, the interventions used by the tutor support phonological 

awareness and provide explicit models of decoding strategies, both of which are critical 

to teaching English reading to ELL’s (Denton et al., 2004).  Further, Mostow & Beck 

(2003) cite the Reading Tutors ability as an automated tutor to ensure treatment fidelity to 

an extent not possible by human interventions.  The qualitative assessments discussed 

previously in the context of usage also indicate the tutor is very effective in engaging and 

motivating students. 

Slavin & Cheung (2003; 2004) in reviewing the body of research on language of 

instruction conclude that there is strong evidence supporting paired bilingual strategies 

where students are taught reading in both English and their native language concurrently.  

In this context, the results of this study combined with the body of research detailed in 

Mostow et al. (2003a) indicate that the Reading Tutor may be a very effective tool in 

supporting English literacy for English language learners. 
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What can the Reading Tutor do better to support English language learners unique 

needs? 

 We have paid a great deal of attention to the reasons why interventions designed 

for native English speakers are relevant for English language learners.  We now address 

some of the unique characteristics of this population in an attempt to determine areas for 

future improvements to the Reading Tutor that will bolster its effectiveness for ELL’s. 

 Li (2002) in her pilot investigation of the usability and benefits of the Reading 

Tutor for English language learners identifies two major areas where the reading tutor 

could be modified specifically to better support the needs of these students.  They are the 

need to better support the limited oral vocabulary and background knowledge of ELL’s 

and the need to provide more culturally sensitive and content appropriate reading material 

targeted toward this population. 

 The Reading Tutor relies primarily on a background of word knowledge to build 

up vocabulary and consequently comprehension.  The limited oral vocabulary of English 

language learners may account in part for the limited gains observed in comprehension 

measures during this study.  Li (2002) specifically identifies the need for illustrations in 

the tutor to provide ELL’s an alternative source to draw meaning from.  The version of 

the Reading Tutor used in this study contained very limited illustrations, and these were 

primarily used in level K material.  The addition of this content would not only benefit 

ELL’s, but would provide additional context to all readers.  Further, this type of 

modification would add to the look and feel of the tutor, only serving to aid the 

motivational component of the tutor. 
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The Reading Tutor may also be more effective for ELL’s if its reading material 

included more culturally sensitive content.  As cited earlier, educational statistics 

demonstrate that the roughly 76% of this nation’s English language learners come from 

Hispanic cultures (Moss & Puma, 1995; Ruiz de Velasco & Fix, 2000; Zehler et al., 

2003) and therefore it may be possible to address a large majority the ELL population 

with a limited but focused amount of additional material.  Quintana (2001) presents a 

unique methodology to inventory the reading preferences of Mexican immigrant students.  

Her research focuses on the reading preferences of sixth through ninth grade students, but 

can equally be applied to younger children.  By using methods like these, new reading 

material in the tutor will benefit ELL’s by providing them with content that supports their 

comprehension based on a better alignment with their particular background knowledge 

and interests.  

 

Limitations and Directions for Future Research 

Clearly the most significant limitation of this study is its size.  No generalizable 

conclusions can be drawn from a single study of 34 students over a span of two months 

with only one month of experimental treatment.  However, these results do indicate that 

there is a strong potential for this technology in literacy instruction for English language 

learners.  As such, the most pressing direction for future research should be to scale up 

this work to larger populations using commercially norm-referenced measures over a 

much longer treatment periods.  Future research should also address the following 

potential confounds that may exist in the results presented here. 
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First, as this sample population was drawn from students who volunteered to stay 

after school to participate in a computer based reading tutor program, the potential of a 

sample bias must be considered.  It seems reasonable that our population may have 

included a disproportionate number of students who were very eager and motivated to 

become more fluent English readers.  In discussing this concern with teachers, they 

indicated their belief that the students enrolled in the study were representative of the 

general attitudes and abilities of their students.  However, the reliability of this qualitative 

measure is suspect and should not be relied upon.  Future research should avoid such 

potential sample bias in order to confirm these results. 

A more serious limitation that must be addressed in future research is the potential 

confounds from the variable nature of language of instruction.  In this study, the SSR 

condition did not control for (or even record) language of instruction.  It is therefore not 

clear how much of the observed gains may have been attributable to English only 

instruction in the treatment condition versus a mix of Spanish and English instruction 

during control treatment.  This mix of language of instruction is common in bilingual 

instruction and may therefore be difficult to control for, but future research can put 

measures in place to record the balance of the language of instruction during control 

treatment and account for it in the analysis of results.  Additionally, cleaner studies may 

be done in schools that employ English-only immersion methods, though it is not clear 

how those results could be applied to the more commonly used bilingual model. 
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Conclusion 

The technology employed by the Reading Tutor clearly has the power to provide 

inexpensive one-on-one assisted oral reading opportunities within ESL classrooms.  This 

research gives an initial indication that this practice may be significantly more effective 

in helping English language learners develop English literacy skills than the common 

practice of sustained silent reading.  The technology seems to be both highly motivating 

and effective in engaging ELL’s in reading activities.  All study participants were able to 

independently interact with the tutor indicating that the Reading Tutor is accessible to 

students with very limited English proficiency.    

Future research needs to be done to validate these findings and should include 

controls for language of instruction.  Additional research is also needed to determine 

areas where the Reading Tutor can be improved to specifically meet the needs of 

Bilingual students.    This should include research into how to best provide support for 

comprehension in a population with a limited English oral vocabulary. 

 

Acknowledgements 

We would like to thank the students, teachers and district administrators who made this 

study possible.  We also need to thank the team of researchers at Project LISTEN whose 

technical support and experience were critical to this study.  In particular, we would like 

to thank Jack Mostow, Joe Beck, Roy Taylor and Andrew Cuneo for their fast and 

knowledgeable support on every issue encountered.  The availability and support of the 

Reading Tutor software for this study was made possible in part by the National Science 

Foundation under Grant No. REC-0326153 to Carnegie Mellon University.  Any opinions, 

Page 28 of 39 



findings, conclusions, or recommendations expressed in this publication are those of the 

authors and do not necessarily reflect the views of the National Science Foundation or the 

official policies, either expressed or implied, of the sponsors or of the United States 

Government. 

 

Page 29 of 39 



Appendix A:  Additional Results (Group Mean Charts) 
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Figure 2:  Fluency results for total words read in one minute 

70.0

75.0

80.0

85.0

90.0

95.0

100.0

105.0

110.0

Pre Test Score Crossover Score Post Test Score

Group 1 Mean Group 2 Mean

Group 1 Intervent ion:  Reading Tutor Treatment
Group 2 Intervent ion:  Cont rol Treatment  (SSR)

Group 1 Intervent ion:  Cont rol Treatment  (SSR)
Group 2 Intervent ion:  Reading Tutor Treatment

 

Figure 3:  Fluency results for words read correctly in one minute 
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Figure 4: Timed Sight Word results 
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Appendix B:  Study Summary Based on National Reading Panel Coding 
Scheme (NRP, 2000) 
 

States or countries represented in 
sample 

Illinois:  Suburban Chicago community 

Number of different schools 
represented in sample 

1:  (Eugene Field Elementary School) 

Number of different classrooms 
represented in sample 

4 total (1 second grade, 1 third grade, 1 multiage 3-4, 1 multiage 4-5)  

Number of participants 34 
Age 7-11 
Grade second through fourth 
Reading levels of participants  Below grade level though grade level as measured by school districts 

informal reading inventories 
Whether participants were drawn 
from urban, suburban, or rural 
settings 

Suburban 

Pretests administered prior to 
treatment 

School District’s Curriculum Based Measures for fluency, sight word 
recognition and comprehension. 

Socioeconomic status (SES) Predominantly low SES 
Ethnicity Hispanic 
Exceptional learning characteristics Limited English Proficient (LEP) Students 
First language Spanish 
Explain any selection restrictions 
that were applied to limit the 
sample of participants 

No performance based restrictions applied.  Some students omitted 
because of scheduling conflicts. 

Concurrent reading instruction 
received in classroom 

Standard district curriculum for bilingual students including reading 
instruction in both Spanish and English 

How was sample obtained? Volunteers were solicited from all bilingual second through fourth grade 
classrooms 

Attrition 
Number of participants lost per 
group during the study 
Was attrition greater for some 
groups that others? 

36 students were initially entered, 2 were unable to participate because of 
scheduling problems during pull out lab sessions 

Setting of the study Classroom for control condition, pull out computer lab for experimental 
condition 

Design of study Crossover design with each group receiving both treatments for one-month 
intervals.  Students randomly assigned to group stratified by pre-test score 
and grade level.  

Describe all treatment and control 
conditions; be sure to describe 
nature and components of reading 
instruction provided to control 
group 

2004 Reading Tutor; 
regular classroom instruction consisting primarily of sustained silent 
reading along with some guided reading activities.   Control condition 
included both English and Spanish reading activities.   

Explicit or implicit instruction? The Reading Tutor provides help on oral reading, consisting of large 
amounts of implicit instruction by modelling fluent reading and reading 
individual words. By pointing out specific instances of letter-to-sound rules 
(a here makes the sound /a/), the Reading Tutor also provides explicit 
instruction at the grapheme-to-phoneme level. 
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Difficulty level and nature of texts Authentic text ranging in level from pre-primer through fifth grade and 
including a mix of fiction and non-fiction.  Reading Tutor inserted short 
factoids to introduce some new words. 
Classroom instruction consisted of self selected material during 
independent reading time. 
 

Duration of treatments 20 to 25 minutes per day, five days per week. Treatment duration was one 
month per condition. 
Actual usage logged by reading tutor indicated students averaged 323 
minutes of total usage over 4 week treatment (standard deviation of 45.86 
minutes) 

Was fidelity in delivering treatment 
checked? 

Pull out lab supervised by principal investigator, daily contact / 
communication with classroom teachers. 

Properties of teachers/trainers Computer based tutor for experimental condition.  Control condition 
primarily independent study, with minimal interventions provided by 
regular classroom teacher. 

Number of trainers who 
administered treatment 

N/A 

Computer/student ratio 1:1 
Type of computers IBM-compatible Pentium personal computers (500 MHz) running under 

Windows 2000 Pro 
Special qualifications The Reading Tutor listens to children read aloud 
Length of training N/A 
Source of training N/A 
Assignment of trainers to groups N/A 
Cost factors Personal computer costs ~$2000; cost of software depends on accounting 

for research and development costs; personnel costs limited to the 
experimenter supervised 10-computer lab. 

List and describe other 
nontreatment independent variables 
included in the analysis of effects 

Pre-test Score; Gender; Grade, strongly correlated to teacher/classroom; 
Treatment Month, either experimental treatment in first month or second 
month 

List processes that were taught 
during training and measured 
during and at the end of training 

N/A 

List names of reading outcomes 
measured 

School District’s standard Curriculum Based Measures for fluency (total 
words read), fluency (words read correctly), sight word identification 
(words identified automatically), sight word identification (words decoded 
correctly), and comprehension (cloze test). 

List time points when dependent 
measures were assessed 

April 2004, May 2004 & June 2004 

Any reason to believe that 
treatment/control groups might not 
have been equivalent prior to 
treatments? 

 No; assignment to groups based on pretest score. 

Were steps taken in statistical 
analyses to adjust for any lack of 
equivalence? 

Yes; Paired T-test used to analyse within subject data.  ANCOVA analysis 
treated pre-test score as a covariate. 

Result:  2-tailed paired T-test 
(n = 30) 

Fluency (Total Words Read):  p = 0.00038 
Fluency (Words Read Correctly): p = 0.00014 
Sight Words (Timed): p = .056 

Difference: treatment mean minus 
control mean 

Fluency (TWR): Reading Tutor > control by 13.03 words per minute 
Fluency (WRC): Reading Tutor > control by 13.10 words per minute 
Sight Words (Timed): Reading Tutor > control by 1.60 words 
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Effect size Fluency (TWR):  1.16 
Fluency (WRC): 1.29 
Sight Words (Timed): 0.58 

Summary statistics used to derive 
effect size 

(Treatment mean – control mean) / (0.5 * (treatment SD + control SD)) 
Fluency (TWR):  (17.13 – 4.10) / (0.5 * (11.12 + 11.30)) = 1.16 
Fluency (WRC):  (17.70 – 4.60) / (0.5 * (9.83 + 10.49)) = 1.29 
Sight Word (timed):  (3.03 – 1.43) / (0.5 * (2.66 + 2.84)) = 0.58 

Number of people providing effect 
size information 

 N = 30.  All participants except for 4 students who were not available for 
testing at least one test point (pre, mid or post). 

Length of time to code study Uncertain 
Name of coder Robert S. Poulsen 

Note:  Table format and coded information specific to Reading Tutor 
functional descriptions adapted from (Mostow et al. 2003a) 

 
Table 4:  NRP Style Research Summary 
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