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Introduction
Previous Research

The ability to write is a complex skill that can make a positive difference in all areas of a person’s life. Many students with learning disabilities have great difficulties with writing. When students struggle to focus on handwriting, spelling, and mechanics, often, the higher level thinking processes are impeded (McCutchen, 1995).   
Hetzroni (2004) studied the effects of allowing three junior high students, the use of a computer for written products during classes with age appropriate, typically developing peers. These students, who had been formally diagnosed with learning disabilities, had representative reading abilities, but a history of poor achievement in the area of writing. Hetzroni’s findings indicated that there were fewer spelling errors and an increase in the ability of the students to accurately read back what they had written. She concluded that for students with difficulties in writing, having access to a word processor could have a positive effect on their written production.  
The Technology for Learning Disabilities Project Evaluation Report (2007) described a two year study with pretest – post test design assessing student ability to employ accepted writing conventions and organization components when students with learning disabilities used assistive technology consistently.   Not only did the group using technology score significantly (p<.001) higher on all thirteen areas of assessment when compared to the comparison groups, the pretest – post test comparison showed that students using the technology also made significant (p<.001) individual progress on each component evaluated.  Teachers in the project also reported that the greatest impact was improvement in student feelings about writing.   
MacArthur (2000) described a variety of studies with results indicating the positive benefits of long term training in and use of word processors with special software.  Features such as spell check, grammar check, speech synthesis, and word predication were included.  He mentioned the limited research on assistive technology used for writing.  
Statement of Purpose

Previous studies have concentrated on using technology with either the general education (GE) population or a population of students with special needs.  This study will investigate the effect of technology with text to speech and electronic dictionary features on the writing progress of 7th grade students in an urban middle school and will compare the impact of the regular use of technology on students in general education and those with learning disabilities (LD).  What effects on all student writing, could be possible with the availability of technology that is described as having, Universal Design for Learning (UDL)?
Research Questions

1. Is there a difference in the decrease of post test error rates between the treatment and control groups and does this difference depend on disability status?

2. Is there a difference in post test writing scores between GE and LD students who use read aloud, those who use electronic dictionary, and those who use both, controlling for pretest scores?   

3. Is there a difference in gain score between pre test and post test writing scores of students who use read aloud, those who use electronic dictionary, those who use both, and those who use neither feature.
4. Will the pretest scores, use of features, and the number of hours per week used; predict an increase in the post test scores?
Method
Participants

The students in this study attend a middle school with an enrollment of 1,136  students. Almost 50% of the students are African American, 26% are Hispanic, 9% are Asian Pacific, and 14% are Caucasian.  5% of the students at this school have been diagnosed as having learning disabilities (LD).  This school is in a small historic city that is within a large metropolitan area.   Recent statewide assessment percentages in the 8th grade writing portion at this school were as follows:

Table 1.1
	8th Grade Writing Assessment
	Adv
	Prof
	Pass
	Fail

	All students
	3%
	75%
	78%
	22%

	Students with disabilities
	0
	43%
	43%
	57%


Design

For the last several years, at least quarterly, the students at this school have used a web based service that provides immediate specific feedback on their writing products.  Recently, an Assistive Technology software program that provides read aloud and word prediction features was added to all of the student mobile laptop labs- one lab shared between four teachers of core subjects as well as one or two Special Education teachers.   Teachers may sign out the lab for 1-3 weeks to work on writing projects. Students in the Special Education classes will also have access to the Assistive Technology software programs on 3 classroom computers.  

For this study, language arts classes were chosen at random to participate as either treatment or control classrooms.  All teachers drew the number of hours per week that their class had access to one of the mobile labs. The control classes used the laptop labs with Microsoft Word to type their writing sample.  In addition to Microsoft Word, the treatment classes used certain features of ReadWrite Gold software toolbar.  Each student of the treatment classes drew an assignment from a hat to determine the software feature to be used, either the electronic dictionary, the read aloud, or both depending on the assignment drawn.  
 Students were given a writing prompt simulating statewide test conditions and entered a response by typing on a computer.  The first rough draft was used for the pretest.  After the pretest all students had three hours of training for the appropriate software features.  The groups used the laptops to practice writing, each student using the computer as indicated on the paper drawn.  Six weeks later a prompt was given, students typed their responses and the first rough draft was collected as a post test sample.  
Instruments

Student samples were measured on the Criterion web-based evaluation service as had been done in the past year.  The written work was given a holistic score from 1 to 6 with a specific number of errors in spelling, grammar, and content. 
Data Collection Procedures

First, the school system was approached for permission to conduct this study, then the administrators, teachers, parents, and students were gathered for an assembly explaining the study.  All student participants were required to return a signed parent informed consent and student version.  Teacher consent forms were also required.  Any student without signed informed consent forms accepting the conditions as specified under the rules and regulations of the Human Subjects Review Board (HSRB), participated in the activities, but the data was not included in the study.  
Data Analysis


To address the first research question, 2 way ANOVA was used with the decrease of post test error rates as the dependent variable.  Two levels of disability status, general ed (GE) and learning disabilities (LD) and four levels of feature use, no features, read aloud, electronic dictionary, and a combination of both features, were the factors.  A Tukey post hoc test was run to gather additional pertinent information. The second research question was addressed using ANCOVA with post test writing scores as the dependent variable while controlling for pretest scores.  The factors were, again, the two levels of disability status and four levels of feature use.  To ascertain the difference of gain score in the third research question, of students in the different groups, a 2 way ANOVA of gain score was used.  To establish the effect of each intervention a Tukey post hoc analysis was also run. Multiple Regression (MR) with one dependent variable, post test scores, and three predictors: pretest scores, features used, and number of hours used per week was used to establish the reliability of prediction in the fourth research question.  Percents of contribution to the prediction were also determined.
Results

Outliers
The descriptive statistic printout showed and unusual difference in the mean for the Control group as compared with the Treatment groups.  A review of the data set showed one subject had missing information and another had a score that was not within the available scores. The data from the subject without post test scores was deleted.  The original data resources were reviewed to find that the second outlier was a typographical error, the post test score 14, should have been 4.  That error was corrected and the analysis was re-run.  

In the Residual Statistics table, Cooks distance indicated an additional outlier. Student number 70 in the control group had a five point gain out of a possible six points, indicating a highly unusual gain score without any logical explanation. The leverage value did not indicate an outlier; however the studentized deleted residual did indicate at least one outlier.  The collected data was reviewed without finding an obvious error so the data from student 70 was deleted and the data was run again.  The new residual box indicated no current outliers (see Table 1.2).

For the first research question, the results of the two way ANOVA show that although there was no statistically significant main effect for disability, p= .284, there was a statistically significant main effect for features used, F(3,81)=7.863, p=.000 and a statistically significant interaction between disability and features used, F(3,81)=2.915, p=.039. Further, the post hoc Tukey test shows that there was a statistically significant difference between the control group and the group using both features, p=.000, with a 95% confidence level that students using both features out performed students using no features by a reduction in errors of at least 4 but no more than 10.59.  There was also a statistically significant difference in students who used the read aloud feature over those using no features, p=.024. Further, the 95% confidence level showed that students who used the read aloud feature reduced their post test errors over the control group by at least .34 errors but not more than a reduction of 6 errors.  There was no statistically significant difference for those using the electronic dictionary over the control group.

Estimated Marginal Means of measure shows that there was a difference in the disability status and the decrease in errors on the post test writing.  Although all features helped GE students to a degree, they seemed to have less impact than on students with LD.  Using both features seems to have had a greater positive effect on post test error rates for students with disabilities, whereas the electronic dictionary use for students with disabilities had a negative correlation (see Figure 1). 


To begin working with research question two, the test for equal slopes of the interaction between type of disability and features was used to show that there was no statistical difference.  The null hypothesis was not rejected because there was strong evidence of equal slopes, F(3,80)=1.459, p=.232 (see Table 2.1).  The results of ANCOVA show there was a statistically significant difference among the treatment groups on post test scores controlling for pretest scores at the .001 level, F(3,83)=7.724, p=.000 (see Table 2.2).  

The results from the one way ANOVA showed that there was a statistically significant difference between gain scores of the treatment and control groups, F(3,85)=11.207, p=.000.  Further, the post hoc Tukey test indicated that there was a statistically significant difference between the gain scores of the group using both features, and two other groups; no features, p=.000 and electronic dictionary, p=.000. The 95% confidence level for the difference between the groups shows that the students using both read aloud and electronic dictionary outperformed those using neither feature by at least .65 and not more than 2 points on the gain score.  They also outperformed those using only the dictionary feature by at least .55 but not more than 2.  There was no statistically significant difference between the groups that used both features and the group that used only read aloud, p=.080 (see Table 3.2).  

The multiple regression analysis results showed that all three predictors accounted for a statistically significant amount of the variance in post test writing scores (Y), 
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 This indicated that 84% of the variance of post test scores could be accounted for by the three predictors; pretest scores, features used, and number of hours used per week (see Table 4.1). 


The regression equation is 
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=pretest(.903)-features(.276)+hours per week(.694)+.263. Further, 69.88% of the post test score could be predicted by the pretest score, 6% could be predicted by features used, and 33.52% could be predicted by the number of hours per week used.  The Collinearity Statistics column indicated that multicollinearity should not be of concern (all VIFs<2) (see table 4.3).
Discussion
Use of Software Features
Electronic Dictionary


The software features explored in this study included the electronic dictionary.  Whereas the electronic dictionary, used on its own, seemed to help GE students more than students with LD, when the feature was used in addition with the read aloud feature it helped students with LD, too. 

Read Aloud 
The read aloud feature was found to be very helpful to both student groups.  Students in GE and those with LD were able to decrease errors when using the read aloud feature.  


Read Aloud - Electronic Dictionary Combination

Most successful, was a combination of the two features under study.   When read aloud was combined with the electronic dictionary, students were able to decrease errors and increase post test scores.  The most profound difference was found with the students with LD.  When using their auditory sense to help with the writing process, these students were able to decrease errors by an average of ten fewer!
General Ed verses Special Ed Populations


All feature combinations in this study improved the post test scores of students in GE.  All but the electronic dictionary used alone, helped the students with LD to an even greater extent!  Students with LD were able to hear the errors and correct them more independently than they could have done without the read aloud feature.  Only when hearing the definitions read aloud were the students with LD able to capitalize on using the electronic dictionary, choose the correct word, and augment written vocabulary.    
Implications


For students of any ability to be able to make more independent revisions on written work will increase academic skills and autonomy.  With 22 percent of eighth graders recently failing the statewide written assessment, it is obvious that some students in GE need more help in writing.  Helping students with LD to become more self-directed is vital in reducing the tendency to feel helpless in academic endeavors.   Using software to help students become successful independent writers is a Universal Design for Learning (UDL) response to an academic crisis!
Limitations

In middle schools, students have very different exposures to technology.  Many have no computer access at home; others use technology only for its recreational value.  Very few middle school students have adequate keyboarding skills and can actually use computers as the powerful tool it can be!  This study did not consider the previous technology skill and/or comfort of students with technology.  
Another consideration is the actual availability of classroom computers. Limited access to computers restricts student exposure and thus limits familiarity and reduces possible effectiveness.  
Future Research


Some topics of future interest are:

· What effect will long term, regular use of technology have on high stakes writing assessment scores for students in GE and for those with LD? 
· What effect would using technology have on other groups of learners:

· Slow learners?
· English as a Second Language?
· Cognitively challenged?
· Emotionally Disturbed?

· What effect would success in writing with technology have on student attitude about writing?

· What effect would success in writing with technology have on student behavior and achievement in school?

· When using technology, what is the optimum amount of writing time, considering the physical effects on developing fingers, bodies, and minds of young students?
· Could using technology features such as text to speech during practice still have a positive effect on student scores if they were not allowed those features during testing conditions?

Tables

Table 1.2
Residuals Statistics(a)

	Value


	Minimum

	Maximum

	Mean

	Std. Deviation

	N


	Predicted
	1.17
	6.03
	3.76
	1.067
	88

	Std. Predicted
	-2.432
	2.130
	.000
	1.000
	88

	Standard Error of Predicted
	.062
	.146
	.099
	.020
	88

	Adjusted Predicted
	1.18
	6.04
	3.76
	1.066
	88

	Residual
	-1.002
	1.220
	.000
	.466
	88

	Std. Residual
	-2.111
	2.571
	.000
	.983
	88

	Stud. Residual
	-2.182
	2.641
	-.001
	1.007
	88

	Deleted Residual
	-1.071
	1.288
	-.001
	.490
	88

	Stud. Deleted Residual
	-2.233
	2.741
	-.001
	1.023
	88

	Mahal. Distance
	.485
	7.190
	2.966
	1.560
	88

	Cook's Distance
	.000
	.115
	.013
	.023
	88

	Centered Leverage 
	.006
	.083
	.034
	.018
	88


a  Dependent Variable: PostTest Holistic Score

Table 1.3
Between-Subjects Factors

	 
	Value Label
	N

	Student Status
	1
	Gen Ed
	45

	 
	2
	LD
	44

	Features
	0
	No features
	30

	 
	1
	Both Features
	21

	 
	2
	Read Aloud
	17

	 
	3
	Electronic Dictionary
	21


Table 1.4
Tests of Between-Subjects Effects

Dependent Variable: Error Decrease 

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Corrected Model
	1076.959(a)
	7
	153.851
	9.813
	.000

	Intercept
	301.005
	1
	301.005
	19.199
	.000

	Disability
	18.241
	1
	18.241
	1.163
	.284

	Features
	369.839
	3
	123.280
	7.863
	.000

	Disability * Features
	137.084
	3
	45.695
	2.915
	.039

	Error
	1269.918
	81
	15.678
	 
	 

	Total
	3692.000
	89
	 
	 
	 

	Corrected Total
	2346.876
	88
	 
	 
	 


a  R Squared = .459 (Adjusted R Squared = .412)
Table 1.5
Multiple Comparisons

Dependent Variable: Error Decrease  Tukey HSD 

	(I) Features 
	(J) Features 
	Mean Difference (I-J)
	Std. Error
	Sig.
	95% Confidence Interval

	 
	 
	 
	 
	 
	Lower 
	Upper 

	No features
	Both Features
	7.64(*)
	1.127
	.000
	4.68
	10.59

	 
	Read Aloud
	3.50(*)
	1.202
	.024
	.34
	6.65

	 
	Electronic Dictionary
	.64
	1.127
	.942
	-2.32
	3.59

	Both Features
	No features
	-7.64(*)
	1.127
	.000
	-10.59
	-4.68

	 
	Read Aloud
	-4.14(*)
	1.292
	.010
	-7.53
	-.75

	 
	Electronic Dictionary
	-7.00(*)
	1.222
	.000
	-10.21
	-3.79

	Read Aloud
	No features
	-3.50(*)
	1.202
	.024
	-6.65
	-.34

	 
	Both Features
	4.14(*)
	1.292
	.010
	.75
	7.53

	 
	Electronic Dictionary
	-2.86
	1.292
	.128
	-6.25
	.53

	Electronic Dictionary
	No features
	-.64
	1.127
	.942
	-3.59
	2.32

	 
	Both features
	7.00(*)
	1.222
	.000
	3.79
	10.21

	 
	Read Aloud
	2.86
	1.292
	.128
	-.53
	6.25


Based on observed means.

*  The mean difference is significant at the .05 level.

Figure 1
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Table 2.1

Tests of Between-Subjects Effects

Dependent Variable: PostTest Holistic Score 

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Corrected Model
	74.484(a)
	8
	9.311
	15.370
	.000

	Intercept
	7.367
	1
	7.367
	12.162
	.001

	Disability
	.560
	1
	.560
	.924
	.339

	Features
	8.516
	3
	2.839
	4.686
	.005

	Disability * Features
	2.651
	3
	.884
	1.459
	.232

	Pretest Score
	48.202
	1
	48.202
	79.574
	.000

	Error
	48.460
	80
	.606
	 
	 

	Total
	1399.000
	89
	 
	 
	 

	Corrected Total
	122.944
	88
	 
	 
	 


a  R Squared = .606 (Adjusted R Squared = .566)

Table 2.2

Tests of Between-Subjects Effects

Dependent Variable: PostTest Holistic Score 

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Model
	1347.889(a)
	6
	224.648
	364.809
	.000

	Disability
	1.303
	1
	1.303
	2.116
	.150

	Features 
	14.269
	3
	4.756
	7.724
	.000

	Pretest Score
	48.399
	1
	48.399
	78.596
	.000

	Error
	51.111
	83
	.616
	 
	 

	Total
	1399.000
	89
	 
	 
	 


a  R Squared = .963 (Adjusted R Squared = .961)

Table 3.1
Tests of Between-Subjects Effects

Dependent Variable: Holistic Gain Score

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Corrected Model
	24.427(a)
	3
	8.142
	11.207
	.000

	Intercept
	28.963
	1
	28.963
	39.866
	.000

	Features
	24.427
	3
	8.142
	11.207
	.000

	Error
	61.753
	85
	.727
	 
	 

	Total
	111.000
	89
	 
	 
	 

	Corrected Total
	86.180
	88
	 
	 
	 


a  R Squared = .283 (Adjusted R Squared = .258)

Table 3.2
Multiple Comparisons

Dependent Variable: Holistic Score Gain 

Tukey HSD 

	(I) Features
	(J) Features
	Mean Difference (I-J)
	Std. Error
	Sig.
	95% Confidence Interval

	 
	 
	 
	 
	 
	Lower 
	Upper 

	No features
	Both Features
	-1.28(*)
	.243
	.000
	-1.92
	-.65

	 
	Read Aloud
	-.61
	.259
	.097
	-1.28
	.07

	 
	Electronic Dictionary
	-.04
	.243
	.998
	-.68
	.59

	Both Features
	No features
	1.28(*)
	.243
	.000
	.65
	1.92

	 
	Read Aloud
	.68
	.278
	.080
	-.05
	1.40

	 
	Electronic Dictionary
	1.24(*)
	.263
	.000
	.55
	1.93

	Read Aloud
	No features
	.61
	.259
	.097
	-.07
	1.28

	 
	Both Features
	-.68
	.278
	.080
	-1.40
	.05

	 
	Electronic Dictionary
	.56
	.278
	.187
	-.17
	1.29

	Electronic Dictionary
	No features
	.04
	.243
	.998
	-.59
	.68

	 
	Both Features
	-1.24(*)
	.263
	.000
	-1.93
	-.55

	 
	Read Aloud
	-.56
	.278
	.187
	-1.29
	.17


Based on observed means.

*  The mean difference is significant at the .05 level.

Table 4.1

Model Summary(b)

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.916(a)
	.840
	.834
	.475


a  Predictors: (Constant), Number of Hours per week, PreTest Holistic Score, Features 

b  Dependent Variable: PostTest Holistic Score

Table 4.2

ANOVA(b)

	Model
	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	99.058
	3
	33.019
	146.513
	.000(a)

	 
	Residual
	18.931
	84
	.225
	 
	 

	 
	Total
	117.989
	87
	 
	 
	 


a  Predictors: (Constant), Number of Hours per week used, PreTest Holistic Score, Features
b  Dependent Variable: PostTest Holistic Score

Table 4.3
                                                              Coefficients(a)

	Model
	 
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	Correlations
	Collinearity Statistics

	 
	 
	B
	Std. Error
	Beta
	 
	 
	Zero-order
	Partial
	Part
	Tolerance
	VIF

	1
	(Constant)
	.263
	.185
	 
	1.419
	.160
	 
	 
	 
	 
	 

	 
	PreTest Score
	.903
	.047
	.866
	19.123
	.000
	.709
	.902
	.836
	.932
	1.073

	 
	Features
	-.276
	.049
	-.278
	-5.604
	.000
	.035
	-.522
	-.245
	.774
	1.291

	 
	Hours per week
	.694
	.052
	.676
	13.244
	.000
	.348
	.822
	.579
	.733
	1.364


a  Dependent Variable: PostTest Holistic Score
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