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The purpose of this study was to explore the relationship between money spent on 

technology hardware, software, and training on district-wide achievement as measured by Texas 

standardized achievement tests, the Scholastic Aptitude Test (SAT), and the American College 

Test (ACT). A series of studies were carried out to develop a model of the relationship between 

Texas district TAKS, TAAS, ACT, and SAT scores for all subjects and district expenditures on 

technology hardware, technology software, and technology training. The findings of this study 

showed that although the mixture of uneven distribution of training, incentives, and equipment in 

these Texas districts clouds the issue of effective integration as it does for all districts (Anderson 

& Becker, 1998), and the mean level of per pupil technology expenditure for participating 

districts is of an amount ($192 per student) deemed unlikely to have substantial impact on 

student outcomes (Anderson & Becker, 1998), there are strong positive links between levels of 

expenditure and student achievement on the Texas Assessment of Knowledge and Skills and the 

American College Test that indicate that establishing guidelines for levels of expenditure, 

schedules of acquisition of materials and equipment, and timeframes for training and 

implementation may be vital to the success of technology integration in these districts and 

potentially for all districts in the nation.  More study into effective funding levels, schedules of 

acquisition of materials and equipment, and timeframes of implementation is necessary to create 

truly successful programs of technology integration in school districts.   
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CHAPTER 1 

INTRODUCTION 
 

 The relationship between technology expenditures and achievement is not clearly 

established in United States, yet we continue to spend billions of dollars on technology 

integration without clear results as to how that expenditure is impacting student achievement.  

According to a 2001 report, American schools are spending billions of dollars annually on 

technology for little or no return because, even with billions in total expenditures, per pupil 

expenditures on technology are still so low that the impact on students is likely to be severely 

constrained (Anderson & Becker, 1998). Unfortunately, the recent trends in spending on 

technology seem to be toward reducing funds and eliminating programs rather than increasing 

available monies. For example, the Telecommunications Infrastructure Fund (TIF) was a key 

agency in supplying technology to public schools, libraries, universities, and nonprofit hospitals 

in Texas, with over 1.2 billion dollars awarded since 1995 (Denton, Davis, Strader, & Durbin, 

2002). This program was abolished in 2002, with its funding sources used to pay for the already 

existing state technology allotment of $ 30 per student which had previously come from the 

textbook portion of the permanent school fund. At the same time Texas effectively abolished the 

existence of a technology department at the Texas Education Agency (TEA).  Although TIF and 

similar agencies have endeavored to put a positive spin on the loss of such programs, the impact 

on the amount of money spent in Texas classrooms on technology is apparent. The 2002 Texas 

Public School Technology Survey indicated a significant drop in average technology 

expenditures in Texas school districts over the 2000-2002 period (Denton et al., 2002). This drop 

in expenditures is indicated in Table 1: 
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Table 1 
 
Drop in Average Expenditures in Texas School Districts From 2000 to 2002 
 

Survey Average 
technology 
expenditure 

Average 
training 

expenditure 
 
 

2000 Texas Public School Technology Survey $ 596,490 $ 98,877 

2002 Texas Public School Technology Survey $ 451,403 $ 64,372 

 Average Drop in Expenditure $145,087 $34,505 

 
        (Denton et al., 2002) 

 In effect, this amounts to a 24% drop in total technology expenditures and a 35% drop in 

technology training expenditures. This drop in expenditures should be very alarming to the entire 

instructional technology community in Texas as much for its timing as for its amount. 

 According to Denton et al. (2002), the years that the Technology Infrastructure Fund was 

in place marked a high point in infrastructure for technology in Texas schools and, as the support 

for Technology Infrastructure declined, Denton et al. indicate that the amount of expenditures for 

technology infrastructures in Texas schools also declined. This drop in infrastructure 

expenditures from 2000 to 2002 is illustrated in Table 2. 
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Table 2  

Drop in Infrastructure Expenditures in Texas School Districts from 1996 to 2002 
 

Amount                                __ 1996*    _____1998* ___     2000*       2002*    
 

Less than $250,000          628 (83%)   497 (67%)   411 (68%) 430 (71%) 
Between $250K and $500K          59  (8%)  118  (16%)    82  (14%)   90 (15%) 
Between $501K and $1M            8  (1%)       43  (6%)      44  (7%)    44 (7%) 
Between $1M and $10M          59  (8%)    76  (10%)     60  (10%)    39 (6%) 
Above $10M            1(<1%)        1(<1%)         6 (1%)      4  (1%) 
* number reporting   754     745               603           607 

 

        (Denton et al., 2002) 

There is also evidence of several other declines in the technology infrastructure. For 

example, the average replacement cycle for a computer rose from 4 years to 5 years during the 2 

years of the survey (Denton et al., 2002). 

This reduction in spending comes at a time when the instructional technology community 

in Texas was beginning to make headway into the full integration of technology into the 

classroom. More than ever before, teachers find appropriate tools and implement these tools in 

the classroom (TEA, 2000, 2001b). The minor positive impact of this effort by the instructional 

technology community is evidenced in Table 3: 
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Table 3 
 
Teacher Utilization of Classroom Technology From 2000 to 2002 
 

Percentage of Teachers… 2000 Texas Public 
School Technology 

Survey 

2002 Texas Public 
School Technology 

Survey 
 

Just beginning to learn to use technology applications 12% 9% 

Using online resources for student assignments. 18% 21% 

Use computers to collaborate with fellow educators 8% 9% 

Percentage of Students…   

Using computers for drill and practice. 13% 11% 

Use computer to access a web based curricula 2% 3% 

        (Denton et al., 2004) 

 Although these numbers are positive in the types of changes indicated, they are very 

modest in scope. A strong potential reason for this modesty is the lack of equipment and practice 

time available to the teacher. Teachers cite the number one barrier to using technology in their 

classes as the lack of equipment, closely followed by a lack of time to learn and practice using 

technology (TEA, 2002). Students suggest that the lack of classroom technology applications is 

because their teachers’ computer abilities are limited compared with their own computer skills 

(TEA, 1996, 2002). 
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Rationale for the Study 
 

The mixture of uneven distribution of training, incentives, and equipment from district to 

district and school to school clouds the issue of effective integration (Anderson & Becker, 1998). 

The national average of technology per pupil expenditure, $133 in 1998 and roughly $175 in 

2001, is deemed unlikely to have substantial impact on student outcomes (Anderson & Becker, 

1998). Finally, the digital divide is widening as poorer schools spend less on support and training 

for the existing technology and wealthier schools are lowering their capacity to use existing 

technology and their ability to adapt to new technological opportunities (Anderson & Becker, 

1998). It is the intention of this research project to add to the small but growing body of research 

regarding the consequences of technology expenditure on teaching and learning.  

Establishing guidelines for levels of expenditure, schedules of acquisition of materials 

and equipment, and timeframes for training and implementation is vital to the success of 

technology integration in Texas and the nation.  More study is needed to provide a consensus on 

a truly research-based approach to technology integration. 

 

Significance of the Study 
 

 This study adds to the limited research between technology expenditures and student 

achievement. Results indicate the relationship between total expenditures, technology 

expenditures, and student achievement.  The goal of this study was to provide foundational data 

which would serve to guide further research into effective funding levels, schedules of 

acquisition of materials and equipment, and timeframes of implementation.  These are the 

cornerstones of effective integration (Ronnkvist, Dexter, & Anderson, 2000) and, unfortunately,  

are among the most neglected areas of research in the field. 
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Theoretical Framework 
 

The debate regarding effective use of instructional technology in school is both legitimate 

and necessary. There has been much discussion about resources in schools, with some saying 

there is no impact (Hanushek, 1989), and others saying there is much to be gained (Anderson & 

Ronnkvist, 1999; Pasnik, 2000). Policymakers and administrators are tasked with using resources 

to the most efficient and effective benefit of students and teachers (Intergovernmental Advisory 

Board, 1998). They deserve evidence that the enormous investment of resources in technology 

use is a wise one. This evidence must be relevant in the same terms of achievement that the 

state(s) and thenation are using to determine the effectiveness of their educational programs. 

McNabb, Hawkes, and Rouk (1999) conceded that “standardized test scores have become the 

accepted measure with which policy makers and the public gauge the benefits of educational 

investments” (p. 5). 

There is much evidence to support the belief that technology does make a positive 

difference. A comprehensive study conducted by Mann, Shakeshaft, Becker, and Kottkamp 

(1999) examined the issue of technology integration and achievement in West Virgina schools 

on behalf of the Milken Exchange and the West Virginia Department of Education and found a 

significant impact of technology integration upon student achievement in fourth and eighth 

grades. Wenglinsky (1998) found that even lower order uses of technology such as “learning 

games” could cause a significant increase of achievement over students whose teachers utilized 

no technology whatsoever. Burns and Bozeman (1981) concluded that a combination of 

traditional instruction and CAI is at least as effective as, and frequently more effective than, a 

program of only traditional methods. 
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There is also evidence that not all applications of technology are effective. DeVaney 

(1996) found significant negative associations between the variables of frequent use of 

computers and using computers for drill and practice and geometry achievement. 

It is of potential benefit to the entire educational community if it can be determined how 

much achievement gain per unit of technology expenditure to expect given a reasonable 

equalization of environmental variables. Mann (1999) illustrated this point eloquently when he 

stated that “technology integration is no different from any other pedagogological method in that 

it only works for some students, in some topics, and under some conditions”. The difference 

between it and more traditional pedagogies is that it is dramatically more expensive. Researchers 

are obligated to provide some general guidelines for where spending the money does and does 

not provide assistance worth the cost. 

Purpose of Study 
 

The purpose of this study is to determine whether a relationship exists between 

technology expenditures in Texas districts and student achievement as measured by Texas 

standardized achievement tests, the Scholastic Aptitude Test (SAT), and the American College 

Test (ACT). 

 

Research Questions 
 
This study focused on the following research questions: 

 

 1. Are there significant relationships between total district expenditures and student 

scores on the Texas Assessment of Academic Skills (TAAS), Texas Assessment of Knowledge 



 8

And Skills (TAKS), Scholastic Aptitude Test (SAT), and American College Test  (ACT) in 

Texas public schools? 

 
 2. Are there significant relationships between total district technology expenditures and 

student scores on the Texas Assessment of Academic Skills (TAAS), Texas Assessment of 

Knowledge And Skills (TAKS), Scholastic Aptitude Test (SAT), and American College Test  

(ACT) in Texas public schools? 

 
 3. Are there significant relationships between a focus on higher order thinking skills 

using traditional or technologically assisted means and student scores on the Texas Assessment 

of Academic Skills (TAAS), Texas Assessment of Knowledge And Skills (TAKS), Scholastic 

Aptitude Test (SAT), and American College Test  (ACT) in Texas public schools? 

 

 4. Are there significant relationships between subgroups of district technology 

expenditure and student scores on the Texas Assessment of Academic Skills (TAAS), Texas 

Assessment of Knowledge And Skills (TAKS), Scholastic Aptitude Test (SAT), and American 

College Test (ACT) in Texas public schools? 

 

Hypotheses to be Tested 
 

The following null hypotheses were tested: 
 

1. There is no overall significant relationship between total district expenditures and  
 
     student scores on TAAS, TAKS, SAT, and ACT in Texas public schools. 

 Alternative Hypothesis: 

 1a. The sample population’s achievement scores on state assessment tests (2001 and 2002  



 9

TAAS and 2003 TAKS) vary across the years 2001-2003 due to total district  

expenditures (all monies spent on educating a child). 

 1b. The sample population’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

total district expenditures (all monies spent on educating a child). 

2. There is no overall significant relationship between total district technology  
 
     expenditures and student scores on TAAS, TAKS, SAT, and ACT in Texas public  
 
     schools. 
 

Alternative Hypothesis: 

 2a. The sample population’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to total district  

technology expenditures (technology monies spent on educating a child). 

 2b. The sample population’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

total district expenditures (technology monies spent on educating a child). 

 
3. There is no overall significant relationship between focus on higher order thinking  

    skills using traditional or technologically assisted means and student scores on TAAS,   

    TAKS, SAT, and ACT in Texas public schools. 

Alternative Hypotheses: 

3a. The sample population’s achievement scores on 2003 TAKS vary due to district focus     

on addressing higher order thinking skills through traditional means. 

 3b. The sample population’s achievement scores on the 2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary  due to district focus on addressing  
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higher order thinking skills through traditional means. 

3c. The sample population’s achievement scores on 2003 TAKS vary due to district focus 

 on addressing higher order thinking skills through technologically assisted means. 

 3d. The sample population’s achievement scores on 2003 Scholastic Aptitude Test (SAT) 

 and American  College Test (ACT) vary due to district focus on addressing higher order  

 thinking skills through technologically assisted means. 

4. There is no overall significant relationship between subgroups of district technology  
 
     Expenditure (software, hardware, and training) and student scores on TAAS, TAKS, SAT,  
 
    and ACT in Texas public  schools. 

 

Alternative Hypothesis: 

4a. The sample population’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology expenditures  

on hardware. 

 4b. The sample population’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on hardware. 

4c. The sample population’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology expenditures  

on software. 

 4d. The sample population’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on software. 

4e. The sample population’s achievement scores on state assessment tests (2001 and 2002  
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TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology expenditures  

on technology training. 

 4f. The sample population’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on technology training. 

4g. The sample population’s achievement scores on state assessment tests (2001 and  

2002 TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology  

expenditures on hardware and software. 

 4h. The sample population’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on hardware and software. 

4i. The sample population’s achievement scores on state assessment tests (2001 and  

2002 TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology  

expenditures on hardware, software, and training. 

 4j. The sample population’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on hardware, software, and training. 

4k. The sample population’s achievement scores on state assessment tests (2001 and  

2002 TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology  

expenditures on hardware, software, training, and level of district focus on addressing 

higher order thinking skills through technologically assisted means . 

 4l. The sample population’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  
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technology expenditures on hardware, software, training and level of district focus on 

addressing higher order thinking skills through technologically assisted means . 

 

Delimitations of the Study 
 

 This study intentionally excluded private schools, public charter schools, and juvenile 

justice environments (unless included as part of public school district data) from study because 

their inclusion would have been beyond the scope of feasibility for this project given limited 

funding and time. 

 This study also excluded the examination of methodological, pedagological, or 

integration practices outside of the scope of the research and hypothesis testing questions. These 

subjects, while interesting, are beyond the scope of feasibility for this project (given limited 

funding and time). 

 

Limitations of the Study 
 

This study focused on public school districts in Texas.  Because responses to the online 

survey were limited, the findings may not be generalizable to the state or the nation, but rather 

may be applicable only to the districts participating in the study. 

 

Definition of Terms 

 

 Achievement Test:  An assessment that measures a student’s currently acquired 

knowledge and skills in one or more of the content areas common to most school curricula (for 

example, reading, language arts, mathematics, science, and social studies). 
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 High Level of Higher Order Thinking Focus:  A level of district focus on higher order 

thinking pedagogy as determined by district administration that places the district on or above 

the mean of all sampled districts. 

 High Level of Higher Order Thinking Focus Addressed Through Technology:   A level of 

district focus on higher order thinking pedagogy aided by technology as determined by district 

administration that places the district on or above the mean of all sampled districts. 

 High Technology Hardware Expenditure: A level of expenditure that places the district 

on or above the mean of all sampled districts in terms of funds spent on technology hardware. 

 High Technology Software Expenditure:  A level of expenditure that places the district on 

or above the mean of all sampled districts in terms of funds spent on technology software. 

 High Technology Training Expenditure:  A level of expenditure that places the district on 

or above the mean of all sampled districts in terms of funds spent on technology training. 

 Low Level of Higher Order Thinking Focus:  A level of district focus on lower order 

thinking pedagogy as determined by district administration that places the district below the 

mean of all sampled districts. 

 Low Level of Lower Order Thinking Focus Addressed Through Technology:  A level of 

district focus on lower order thinking pedagogy aided by technology as determined by district 

administration that places the district below the mean of all sampled districts. 

 Low Technology Hardware Expenditure:  A level of expenditure that places the district 

below the mean of all sampled districts in terms of funds spent on technology hardware. 
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 Low Technology Software Expenditure:  A level of expenditure that places the district 

below the mean of all sampled districts in terms of funds spent on technology software. 

 Low Technology Training Expenditure:  A level of expenditure that places the district 

below the mean of all sampled districts in terms of funds spent on technology training. 
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CHAPTER 2 

REVIEW OF RELATED LITERATURE 

 
This review of related literature has as its focus the relationship between technology 

expenditure and achievement. The first section relates a historical perspective of this 

relationship, provides an overview of existing frameworks for establishing competency, and 

examines the evolution of standardized examinations as a driving force in the educational 

process. The second section provides an overview of the school finance system in Texas and 

explains how in general technology funds are budgeted and expended. A review of recent 

research studies comprises the third section. Descriptions of research designs, populations, 

samples, and results of the studies are reported. Individual evaluations and meta-analyses, which 

are representative of the study of expenditure and achievement, are reported with the focus being 

on studies that address the relationship between technology expenditures and achievement. 

Historical Perspective 
 

Making appropriate decisions regarding technology is one of the greatest challenges 

facing school administrators (Barnett, 2000). During the decade of the 1990s, technology 

expenditures tripled in K–12 schools in the United States (Sivin-Kachala & Bialo, 2000).  

Estimates suggest that over $6 billion was spent in 1999–2000 alone (Sivin-Kachala & Bialo, 

2000). Yet some researchers, such as Anderson and Becker (1998) indicated that on a per pupil 

basis, this number is not enough, netting only $130-$180 per student per year. So the question 

for policymakers remains what is enough? It is understandable that popular sentiment and the 

people responsible for making legislative and administrative policy decisions will phrase their 

concerns by asking the question “what are the effects?” and at what cost compared to other 
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avenues of investment? (Becker, & Lovitts, 2000). The United States government has called 

upon researchers to provide answers in applicable frameworks that answer these questions 

effectively (Intergovernmental Advisory Board, 1998). Becker and Lovitts (2000) argued that 

researchers best provide this framework by providing answers that focus on student 

competencies that could be acquired without the assistance of technological tools. They frame 

these competencies into two main categories: 

 1.  Students’ levels of understanding in the academic subjects of the school curriculum, 

their ability to gain further understanding in these areas, and their ability to apply what they 

know in practical ways. 

 2.  Students’ capacities to undertake a wide variety of tasks in various work, citizen, and 

community roles that involve integration of diverse competencies and understandings.  These 

competencies are largely independent of specific subject-matter disciplines, and include skills in 

acquiring, evaluating, and using information and skills of working in groups to solve problems 

and accomplish tasks. 

 Many developmental and comparative research methodologies can examine the impact 

on these competencies. However, they are not directly addressed in this research proposal 

because most development-linked research does not provide the kinds of direct information that 

would help policymakers set legislative policy or help school decision-makers make investment 

decisions (Becker & Lovitts, 2000). Rather this study has focused on conventional measures of 

student “achievement” outcomes that have been developed  for purposes of instructional program 

assignments of students and accountability (e.g., state standards-based tests, Scholastic Aptitude 

Tests, etc.), which are often used to compare students who have had computer experience in 

school (or specific experiences) with those who have not.  These types of standardized criterion 



 17

and norm-referenced tests have been used in studies with large national and state datasets which 

are referenced later, such as the West Virginia Milken Study (Mann et al., 1999; McLean & 

Ernest, 1998). This study and its structurally similar peers form also the primary empirical basis 

for the dozen or more “meta-analyses” conducted over the past 30 years that have accumulated 

findings of hundreds of small studies of computers and student achievement, most fielded in a 

handful of classrooms (Becker & Lovitts, 2000). 

 There are some strong benefits to this methodology. The first benefit is that such an 

approach measures specific enabling skills such as reading comprehension and algorithmic work 

in mathematics which students are likely to perform at levels that approach their underlying 

competence, despite being given little contextual information or other resources.  The second 

benefit is that this approach frames the research on academic success in the same terms that 

policymakers view academic success by using the same measures for testing that the state uses. 

Finally, the third benefit is that this approach uses the same fundamental testing methodology 

applied to the Texas environment that has been applied to measuring achievement in other states 

as well as nationally.  

School Finance in Texas 
 
 The State Government of Texas pays for public education through the State Foundation 

School Program (FSP). Through the auspices of this program, state funding to a district is 

allocated inversely proportional to district wealth. The FSP is split into two tiers which together 

account for the maximum $1.50 per $100 property valuation for maintenance and operation 

purposes: Tier 1 is the foundation program (TEA, 2004a). It is based on the basic allotment, a 

base rate for each student in average daily attendance (ADA), which is then modified by certain 

district weights and adjustments, including the Cost of Education Index, the Small and Mid-
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Sized District Allotments, and the Sparsity Adjustment. Once modified, it is referred to as the 

adjusted allotment. The adjusted allotment is then modified by instructional program weights in 

the areas of special education, compensatory education, bilingual education, career and 

technology education, and gifted and talented education (TEA, 2004a). A district is required to 

levy $.86 per $100 in property valuation to participate in the foundation school program (TEA, 

2004a). This is referred to as the local fund allotment; the rest of the Tier 1 money is then 

provided by the state. A district can also levy up to an additional $.64 in Tier 2 money which has 

a set amount of yield per penny tax increase despite the size of the district, with “poorer” districts 

being supplemented and “wealthier” districts having to redistribute wealth (TEA, 2004a). In 

Summary, Tier 1 distributes funding in accordance with the characteristics of the local school 

district. Tier 2 is a guaranteed yield program that guarantees school districts a fixed amount in 

taxable property wealth per weighted student. Beginning in 1992, a $30 per student technology 

allotment was added to the foundation program (TEA, 2004a). Recently, this allotment was 

moved from the foundation program and has been paid for out of the Telecommunications 

Infrastructure Fund established in 1995 with the Public Utility Regulation Act. This allotment 

serves as the minimum amount a district can spend on educational technology materials. 

Interest and Sinking Fund 
 

In addition to maintenance and operation monies, districts are allowed to levy up to $.50 

per hundred dollars in valuation in interest and sinking fund monies for debt service (TEA, 

2004a).  
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Federal Programs 
 
  Two federal programs have a direct impact on technology expenditures in Texas. These 

are the Title II D program and E-rate (NCSL Education Finance Database, 2004). Both of these 

programs send federal formula dollars to schools for specific tasks.  E-Rate is the common name 

for the Schools and Libraries Universal Service Support Mechanism (NCSL Education Finance 

Database, 2004). E-Rate provides discounts to assist schools and libraries in obtaining affordable 

telecommunications services and Internet access. The Universal Service Administrative 

Company (USAC) administers the program at the direction of the Federal Communications 

Commission (FCC). USAC's Schools and Libraries Division (SLD) administers the program. 

Title II, Part D: Enhancing Education Through Technology of the No Child Left Behind 

legislation distributes federal funds to states that then distribute 50% of monies through a 

formula program and 50% of monies through a competitive grant program. 

How Texas School District Funding of Technology Impacts Technology Training 
 
 There are as many ways that districts fund technology in the state as there are districts, 

but there are some key commonalities. All districts must spend the $30 per student technology 

allotment on technology (TEA, 2002). All districts may choose to receive Title II D federal funds 

that go for technology (NCSL Education Finance Database, 2004). Districts may be able to use 

E-rate funds to offset some hardware infrastructure costs of a technology program (NCSL 

Education Finance Database, 2004). Most districts supplement these federal and state monies 

from local funds and grants. A few larger districts use bond issues to support their technology 

infrastructure in the areas of hardware, software, and cabling (Denton et al., 2002). It should be 

noted that of all the funding availability, training monies are the most limited. Title II D may be 

used for training and in fact 25% of formula funds must be used for training, but the amount of 
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formula Title IID funds is extremely small for most Texas districts (TEA, 2002). The technology 

allotment may be used for training as well, but again funding is limited. Together, these two 

funding areas do not even cover the basic operational personnel costs of a district (TEA, 2001a). 

E-Rate and bond funds are seldom available to be used for training. The result is a state with a 

demonstrated lack of effective professional development as demonstrated by the recent 

collection of data through the state’s electronic e-plan system (TEA, 2001b). Through this 

system, campuses and districts throughout the state complete a technology planning and 

assessment tool called the Texas Star Chart (TEA, 2001b). This tool measures various areas of 

technology implementation within the district structure including budget, teaching and learning, 

and educator preparedness among others. (TEA, 2001b). Data collected from the 2003-2004 Star 

Chart showed that the majority of Texas educators are not ready to use technology as a means to 

innovate and over 40% are still developing basic skills (see Table 4). 

Table 4 
 
Texas Educator’s Level of Technology Professional Development From Campus STaR Chart 
Data for Column J 
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Numbers given are number of campuses reporting that level. 

                                                                            (TEA, 2004b) 

 The same reporting instrument demonstrates the severe underfunding of technology in 

Texas districts.  The relationship between funding and adequate training presented in Table 5: 

Table 5. 
 
Texas School Technology Budgets Reported in 2004 TEA Update 
 

 

Note: Numbers given are number of campuses reporting that level. 

                                                                           (TEA, 2004b) 

Here the indication is clear; districts are underfunded to the extent that the majority cannot even 

cover ongoing costs and incentives for professional development among staff remain out of the 

reach of the majority, a deficiency that could have a potential impact upon student achievement. 
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Impact of a Drop in Technology Funding in Texas School Districts on Integration 
 
 In 2002, the Texas Association of School Administrators, the Texas Technology 

Infrastructure Board, and Texas A&M University conducted the Texas Public School 

Technology Infrastructure and Implementation Survey (Denton et al.,).  This survey was 

organized into seven sections: District Demographics, District Policies, District Technology 

Infrastructure, Technology Support and Sustainability, Technology Integration and Use, 

Professional Development, and Outreach/Communication. The instrument and data collection 

procedures were then submitted to and approved by the Texas A&M University Institutional 

Review Board for research involving human subjects. The instrument was then made available 

online, with multiple waves of contacts made to ensure that the survey was accurately filled out  

(Denton et al., 2002).  Upon completion, over 68.8 % (n=716) of the Texas school districts 

(N=1,040) had accessed and completed  the survey. The survey showed little shift in available 

technology for students (see Table 6). 

 
Table 6 
 
2000-2002 Texas School District Technology Infrastructure Comparison 
 
 

 

        (TEA, 2004b) 
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As shown in Tables 6 and Table 7, the survey did show a significant drop in expenditure over the 

same time period. 

Table 7 
 
2000-2002 Texas School District Total Technology Expenditure Comparison 
 

 

        (TEA, 2004b) 

Results also indicate a stagnation in the integration of technology into the curriculum. 

Table 8  
 
2000-2002 Texas School District Teacher and Student Computer Use 
 

 
        (TEA, 2004b) 

 
The survey also showed a leveling off of technology training sessions per district, as illustrated 
in Table 9. 
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Table 9 
1996-2002 Texas School District Technology Training Sessions 
 
 

 
                       (TEA,2004b) 

Although there was no effort to measure a relationship between funding and integration 

during this study, the data show that the dropoff of technology funding in Texas school districts 

was accompanied by a corresponding leveling of integration, training, and infrastructure. 

Relationship Between Technology Expenditures and Achievement as Currently Outlined in the 
Research Literature 

 
 The fact that there is a growing gap between the technology haves and technology have-

nots among students is strongly evidenced in the current literature. For example, Wenglinsky 

(1998), in an examination of 7,146 eighth-grade students provided some telling insights. The first 

of these insights was that teachers’ professional development in technology and the use of 

computers to address higher order thinking skills were both positively related to academic 

achievement in mathematics. The second was that the frequency of student home computer use 

was positively related to academic achievement in mathematics (Wenglinsky, 1998). The third 

insight was that the use of the computer to teach lower order thinking skills was negatively 

related to achievement (Wenglinsky, 1998). The fourth was that Black, poor, urban, and rural 

students were less likely to be exposed to higher order uses of computers than their White 

suburban counterparts and more likely to be exposed to lower order uses. The fifth was that these 
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same groups were less likely to have had teachers with adequate professional development in 

technology (Wenglinsky, 1998). Finally, the sixth was that these same Black, poor, urban, and 

rural students were less likely to have computer access at home than their White suburban 

counterparts (Wenglinsky, 1998). In short, Wenglingsky found that for every area of 

achievement benefit attributable to technology there was a significant access gap (now often 

referred to as the “digital divide”) directly attributable to economic factors. This relationship 

between expenditure and achievement is echoed across the span of research literature. 

Linking Technology Expenditures and Achievement Outcomes 
 

Potter and Small (1998) offered a study in which a Title I school followed achievement 

test scores for 2 years after using Title I funds to purchase and implement a Computer 

Curriculum Corporation  reading program. The outcome criterion was the percentage of students 

meeting the minimum standard on the Stanford Achievement Test. Prior to implementation 

65.5% of students met this goal; 2 years after implementation 74.4% were successful. In 

addition, Normal Curve Equivalent (NCE) outcomes were outstanding. The Normal Curve 

Equivalent was designed to facilitate measurement of the effectiveness of Chapter 1 (now Title I) 

Compensatory Education programs and projects as part of the development of the Elementary 

and Secondary Education Act, ESEA Title I Evaluation and Reporting System. This system, with 

minor modifications, is still in general use today in evaluating the effectiveness of Title1 

programs and projects. After 2 years of implementation, this school realized a Normal Curve 

Equivalent (NCE) gain of 6.65 years in total reading and 6.57 years in reading comprehension, 

the best scores ever reported. This means that by the federal government’s own system of 
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measurement, technology expenditures played a vital part in assisting achievement outcomes for 

federally defined “at-risk” students. 

Linking Technology and Achievement: New York 
 

Mann and Shafer (1997) reported an extensive study of 55 New York state School 

districts. Performance on a college-preparatory examination was the dependent variable, while 

use of instructional technology was the independent variable. Forty-two percent of the variation 

in math scores and 12 % of the variation in English scores could be explained by the addition of 

technology. In addition, there was a strong correlation between increased use of technology and 

higher scores on the state’s comprehensive assessment in sixth grade math.  It was also found 

that technology had a greater impact in smaller environments and that the success of the 

integration was strongly correlated with the teacher’s drive and enthusiasm. 

Linking Technology and Achievement: Burns and Bozeman’s Meta-Analysis 
 

According to Archer (1998) computers can raise student achievement and even improve a 

school's climate.  In a national policy report numerous studies were reviewed that included a 

wide variety of specific applications of technology that show improvements in student 

performance, student motivation, teacher satisfaction, and other important educational outcomes 

(Coley, Cradler & Engel 1997). In a meta-analysis of research findings relative to the 

pedagogical effectiveness of computer-assisted mathematics instruction in elementary and 

secondary schools, Burns and Bozeman (1981) analyzed 40 studies with student achievement as 

the outcome criterion. Subject variables included grade level, student ability level, and gender. 

The null hypothesis stated that the mean effect size would be equal to zero, and alpha was set at 
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the 0.01 level. Overall mean effect sizes of 0.3388 and 0.4453 were found for drill and practice 

and tutorial models, respectively. These were significant at the 0.01 level. 

Comparing Outcomes on Standardized and Curriculum Exams  
 

Becker and Lovetts (2000) randomly assigned students from the bottom two thirds of a 

grade level cohort to either a “computer” (experimental) or “traditional” (control) math class 

taught by the same teacher. Posttests of the Stanford Achievement Test and a separate 

independently developed curriculum test were used to assess outcomes. Pretests conducted in the 

early fall were controls in a regression analysis of effect sizes. The mean effect size for the 

Stanford Achievement Test was +0.45, and the independent test was +0.49. Both showed 

significant treatment effect in close proportion. 

  

Linking Technology and Achievement: West Virginia 
 

A comprehensive study conducted by Mann et al. (1999) examined the issue of 

technology integration and achievement in West Virgina schools on behalf of the Milken 

Exchange and the West Virginia Department of Education. The program began with the 

kindergarten class of 1990-91 and consisted of three basic components: 

 
1. Software that focused on the State’s basic skills goals in reading, language arts, 

and mathematics. 

2. Enough computers in schools so that all students had easy and regular  

                access to basic skills software. 

3.           Professional Development for teachers in the use of the software and  

computers. 
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Statistical analyses conducted by Mann et al. (1999) showed that after the “technology-

enhanced” cohort in West Virginia enrolled in Grade 3, statewide third-grade Comprehensive 

Tests of Basic Skills (CTBS) scores went up 5 points in one year 1996, after having risen only a 

total of 6 points over the previous 4 years. In 1997, the BS/CE cohort’s fourth-grade reading 

scores were the second highest among southern states. (In terms of per capita income, West 

Virginia is 40th in the US; in achievement, it is 17th.) A study of the first fifth graders to have 

had consistent availability of BS/CE showed gains in the Stanford-9 achievement test, with 

higher gains for the students with more BS/CE experience. After conducting a regression 

analysis, researchers concluded that BS/CE accounted for a significant portion of the total 

variance in the basic skills achievement gain scores of the fifth graders. 

Linking Technology and Achievement: NAEP Results 
 

In 1998, at the request of Education Week, ETS Associate Research Scientist, 

Wenglinsky analyzed fourth and eighth-grade mathematics scores from the 1996 National 

Assessment of Educational Progress (NAEP), the federally sponsored exam often referred to as 

“the nation’s report card.” Wenglinsky examined data obtained from the 1996 National 

Assessment of Educational Progress in an attempt to determine the relationship between 

computer use and students’ mathematics achievement. He found a significant relationship 

between higher mathematics scores and adequate access to technology in conjunction with 

teachers trained in technology use and the use of computers to learn new, higher order concepts. 

For example, Wenglinsky found that eighth graders whose teachers focused on computer 

simulations and applications performed up to a half grade better than those whose teachers used 

computers for drill and practice. 
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According to Wenglinsky (1998), students whose teachers used computers mostly for 

simulations and applications performed better on NAEP than students whose teachers did not. 

Simulations illustrate relationships and allow students to test the effects of changing variables 

thus stimulating higher-order thinking. The locus of control in such an activity is shared between 

the machine, teacher, and student equally,  allowing for productive learning for all partners in the 

equation. Contrarily, Wenglinsky, indicated that students whose teachers used computers 

primarily for “drill and practice” performed nearly half a grade level worse than their “higher–

order implementing” peers. It should also be noted, however, that Wenglinsky found that even 

lower order uses of technology such as “learning games” for younger learners could cause a 

significant increase of achievement over students whose teachers utilized no technology 

whatsoever. 

Wenlinsky’s (1998) model for academic achievement as outlined by his study is 

presented in Figure 1: 

      

Figure 1.  Summary of Wenglinsky’s (1998) model of eighth grade academic achievement. 
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Perhaps the most important of Wenglinsky’s (1998) findings was the fact that students 

whose teachers had technology professional development outperformed students whose teachers 

did not. Similarly, where teachers had professional development with computers and used them 

for higher order skills, schools tended to enjoy higher staff morale and lower absenteeism rates. 

This is well illustrated in his model shown in Figure 1, because it seems to indicate that it is 

training which guides implementation addressed at higher order thinking, and it is this 

implementation that appears to be most effective. It is also interesting to note that neither amount 

of equipment nor frequency of use alone was a telling factor. 

Alarmingly, Wenglinsky (1998) found that low-income and Black students are less likely 

than their peers to have teachers who use technology to its full advantage. In the eighth grade, 

about 31 % of White students used computers to facilitate higher order thinking skills activities, 

compared with just 14 % of Black students. At the same time, more than 50 % of the Black 

students in the United States had teachers who used computers mostly for drill-and-practice 

compared with only 30 % of White students.  

The same is true of rural and urban environments where gifted children and others may 

not always have access to technologies to maximize their potential. Tyler-Wood, Preez, Cereyo, 

and Holcomb (2001) found that rural and inner-city gifted students spent fewer hours per week 

on the computer in class than gifted students in suburban settings. Rural gifted students had 

fewer mandatory computer assignments than suburban gifted students as well. Overall, suburban 

gifted students received more assignments in which use of the computer was helpful to the gifted 

student than inner-city and rural gifted students. 

Negative Associations Between Technology Integration and Achievement  
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There is also strong evidence that not all applications of technology are effective 

(Heinecke, Blasi, Milman, & Washington, 1999; Honey, Culp, & Carrigg, 1999). DeVaney 

(1996) examined the relationship between technology integration and student computation and 

geometry achievement on standardized tests. The study consisted of 956 eighth-grade students. 

The independent variables were availability of computers, type of computer use, and frequency 

with which computers and calculators were used. The dependent variable was the geometry 

subscale of the Trial State Mathematics Assessment for Mississippi. The results demonstrated 

significant negative associations between the variables of frequent use of computers and using 

computers for drill and practice and geometry achievement. Braswell et al. (2001) found few 

significant relationships between computer availability and students’ mathematics performance 

at Grades 4, 8, and 12. Their report is based on National Assessment of Educational Progress 

(NAEP) scores. Wenglinsky (1998) was careful to point out that achievement was tied directly to 

how the technology was implemented.  

A Confusion of Methods 
 

Reeves (1998) pointed out that it is all too easy to confuse variables such as full delivery 

of the curriculum (CAI) with technology that assists in the production of knowledge and turns 

the computer into a learning partner. However, in each of these approaches there are multiple 

confounding variables that can influence the successful or unsuccessful implementation of 

technology. Given Coleman’s (1966) assertion that 70% of the variance in each academic group 

is variation within that same group, leaving only 30% of the variance which schools can actually 

impact using all methods at their disposal, several studies (Baenen, 1995; Weaver, 2000) have 

indicated that it may be wise to examine education as a progressive model of participant self-

actualization/self-improvement, which if appropriately conducted, can yield as one of its many 
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positive outcomes an increase in fundamental skills that can be measured through standardized 

means. (One possible way of examining this complex relationship is through the application of 

Vygotsky’s Zone of Proximal Development [ZPD].) The Zone of Proximal Development is the 

distance between the actual developmental level as determined by independent problem solving 

and the level of potential as determined through problem solving under adult guidance or in 

collaboration with more capable peers (Vygotsky,1962).  A child’s actual developmental level 

indicates a child’s level of mental development at a particular time. It indicates the functions that 

have already matured in the child. A child’s Zone of Proximal development defines those 

functions that have not matured yet, but that are in the process of maturing and developing. A 

child’s Zone of Proximal Development permits an outlining of the child’s immediate future and 

his overall dynamic state of development. “Experience has shown that the child with the larger 

zone of proximal development will achieve at a much higher level” (Vygotsky, 1962, p  ). 

Expanding the Zone of Proximal Development 

 Hancock, Knezek, and Christensen (2002) originally called for an expanded definition of 

the zone of proximal development.  This definition expands upon Vygotsky’s (1962) original 

concept by factoring in technology as a potential player in the interaction process. The modified 

definition is defined as the distance between the actual developmental level as determined by 

independent problem solving using traditional tools and the level of potential development as 

determined through problem solving using responsive/interactive/guiding tools under adult 

guidance or in collaboration with more capable peers or adults (Hancock et al., 2002). It is 

productive here to examine the zone of proximal development as a developmental relationship 

that spans the gambit of initial scaffolding in the process of determining task orientation to a 

combination of distributed cognition and social constructivism, yielding what Vygotsky would 
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call a “qualitative shift.”  Metacognition is defined as the awareness of and knowledge about 

one’s own thinking (Zimmerman, 2002).  Students’ deficiencies in self-regulation are often 

attributed to a lack of metacognitive awareness of personal limitations and an inability to 

compensate (Zimmerman, 2002).  According to Zimmerman the component skills of self-

regulation include (a) setting specific proximal goals for oneself,  (b) adopting powerful 

strategies for attaining the goals, (c) monitoring one’s performance selectively for signs of 

progress, (d) restructuring one’s physical and social context to make it compatible with one’s 

goals, (e) managing one’s time use efficiently, (f) self-evaluating one’s methods, (g) attributing 

causation to results, and (h) adapting future methods (Schunk & Zimmerman, 1998).  

Zimmerman found very strong relationships between achievement and the presence of these 

factors (Zimmerman, 2002). This is a key factor in understanding the learning process, because if 

Zimmerman is correct, the academic process is not just about mastering content but about 

mastering the process of learning that content (Hawkins, Spielvogel, & Panush, 1996). If this is 

indeed the case, it should be readily apparent in this study that no one particular variable of 

expenditure or focus spells success, but rather that it is an interaction of several key variables 

that indicate true achievement. 

A Will, Skill, Tool Approach to Technology Integration 
 

Knezek, Christensen, Hancock, and Shoho (2000) created a simplified environmental 

model for the learning process that is useful for eliminating some of the confusion between 

interrelationships in the teacher, student, technology interaction dynamic in Toward A Structural 

Model of Technology Integration (Knezek, Christensen, Hancock, & Shoho, 2000). This model 

is presented in Figure 2. 
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Figure 2: Will, skill, tool model of technology integration (Knezek et al., 2002). 
 
 

A Foundation Study on Achievement and Expenditure 
 
 A foundation study was conducted to test this model and the available variables 

representing both ends of the technology infusion-to-student-achievement continuum. The Texas 

Assessment of Academic Skills (TAAS) test pass rate and district-wide average SAT score were 

used as dependent variables. District-wide hardware expenditures and district-wide expenditures 

on software and technology supplies are the two independent variables used to indicate support 

for technology integration. The data were gathered by randomly selecting 100 out of 

approximately 1,046 (now 1,054) public school districts in the state and recording their scores 

from the Texas Academic Excellence Indicator System (AEIS). In order to normalize the 

distribution of the variables, scores for 1996 and 1997 were averaged for each district. One 

outlier case (district 74, >3 standard deviations from the mean value of pass rate was excluded) 

was excluded from the prediction of TAAS pass rate based on hardware and software 

expenditures. All other districts were included in the analysis. 
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 As shown in Table 10, hardware and software expenditures together accounted for 

approximately 11% of the variance in SAT scores across the sample of school districts (R 

squared =.11498). This relationship is significant at the .05 level (f=3.25, 2x 50 df, p=.0472). 

Table 10 
 
1996 & 1997 Aggregate Values for SAT Scores Predicted as a Function of Hardware and 
Software Expenditures 
 

     Mean  SD 
AVESAT    979.76  67.95 
AVEHDWR      93.65  72.69 
AVESOFT    152.32  72.20 
 

Multiple regression 
 

Dependent Variable: AVESAT 

Independent Variables: AVEHDWR, AVESOFT 

Multiple R .33909 

R Square .11498 

Analysis of variance 
 

       DF SS  MS 

Regression      2 27607.35 13803.67 

Residual      50 212497.96 4249.96 

F=3.25  Signif F=.05 

Variable B SE B Beta T Sig T 

AVEHDWR .17 .14 .18 1.23 .2232 

AVESOFT .20 .14 .21 1.45 .1548 

(CONSTANT) .932.90 21.36 43.68 .0000 
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Note. No outliers found. 

     (Knezek et al., 2000).  

This was also the case for TAAS scores, illustrated in Table 11, where hardware and 

software expenditures together accounted for approximately 11% of the variance in TAAS 

achievement. 

Table 11 
 
1996 & 1997 Aggregate Values for TAAS Scores Predicted as a Function of Hardware and 
Software Expenditures 
     Mean  SD 
AVEPASS      88.65   6.42 
AVEHDWR     100.64 78.30 
AVESOFT     161.40 85.90 
 

Multiple regression 
 

Dependent Variable: AVEPASS 

Independent Variables: AVEHDWR, AVESOFT 

Multiple R .34 

R Square .11 

Analysis of variance 
 

       DF SS  MS 

Regression      2 279.62  139.81 

Residual      58 2191.54  37.79 

F=3.750015 Signif F=.0307 

Variable B SE B Beta T Sig T 

AVEHDWR .02 .01 .18 1.40 .17 

AVESOFT .02 .01 .22 1.70 .09 
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(CONSTANT) 84.42    1.77  47.73 .0000 

Note. No Outliers Found 

     (Knezek et al., 2000).  

The results from this foundation study were extremely encouraging in that the 

independent variables combined to form such a large portion of the variance in achievement in 

the total technology equation. This prompted the expansion of  the initial will, skill, tool to allow 

for student side variables. This model was expanded in Interventions and Effect Size: A Step 

Toward Developing Technology Tools That Work (Hancock, 2003). In this expanded model, 

student will and student skill combine with available technology (and other) tools to form the 

basis of learning style that interacts with teacher pedagogy in the interaction cycle of the learning 

cauldron. The expanded model is presented in Figure 3. 

 
 
            Teacher      Achievement    Student 
          Will                 Will 
 
 
   Pedagogy            Learning Style 
 
       Teacher       Communication    Collaboration    Student 
          Skill                         Skill 
         Reinforcement 
 
  
                         Technology 
 
 

Technology Facilitates and Where Appropriate 
Accelerates the Communication Learning Cycle 

In The Learning Cauldron 
          
 
Figure 3.   Expanded will, skill, tool model of technology integration. 
 

This interaction model led Hancock to begin to rethink the nature of relationship between student 

and machine as learning partners in an expanded zone of proximal development (Hancock, 
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2003). Together with Knezek and Christensen, Hancock put forth a possible explanation for the 

expanded achievement results for higher order thinking skills (HOTS) activities using 

technology by proposing a scaling of reactive, coactive, and proactive person-machine 

interaction loosely based on Rhodes and Azbell’s (1985) levels of interactivity.  These were put 

forth in Constructivist Methodologies in Technology Integration: The Role of Interactive 

Multimedia in Expanding Pedagogy Within the Will, Skill, Tool Model and are as follows: 

 Reactive- The learner has little control over content or structure 

 Coactive- The learner can control both the sequence, pace, and style 

 Proactive-The learner can control both the structure and the content The foundational 

 model of this process is illustrated in Figure 4. 

 
 
Figure 4. Conceptual model of person-machine interaction: A foundation achieved. 

 
A model is only as good as the evidence that supports it, but given the results of the pilot 

study, there is reason to believe that it is possible to examine achievement outcomes, in terms of 
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expenditure, and the extant body of literature indicates that it may be of benefit to begin 

examining expenditure as a relevant factor in achievement. 

 

Methodological Problems in Existing Research 
 
 The main methodological problem in the extant body of research is that the studies are 

too specific in terms of variables studied. It is difficult to isolate technology integration from the 

rest of the educational equation. Rather we must expand the scope of study must be expanded to 

examine how multiple variables interplay effectively and efficiently, with emphasis on transition 

from theory to practice. Where are the commonalities in success? Dede (1998) asserted that 

information technology is a cost effective investment only in the context of systemic reform. If 

Dede’s assertion is accepted, then a good starting point could be in terms of types of expenditure 

and achievement. 

Summary 
 
 The process of learning interactions is extremely complex, but through selecting 

technology interventions appropriate for the levels of interaction positive outcomes can be 

achieved. The state of Texas, through a complex, and nonstandardized means of funding 

technology from a variety of sources made strong gains in establishing infrastructures and 

interventions in the late 1990’s, but leveled off and then substantially dropped levels of funding 

in 2002. The funding level has remained at relatively low levels through 2005. 
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CHAPTER 3 

RESEARCH METHODOLOGY 

 

Introduction 
 

 This study examines the relationship between technology expenditures and student 

achievement in Texas districts as measured by the Texas Assessment of Academic Skills 

(TAAS), Texas Assessment of Knowledge And Skills (TAKS), Scholastic Aptitude Test (SAT), 

and American College Test (ACT). Expenditure data were collected via an online instrument 

administered to technology directors and by accessing publicly available district achievement 

data via the Texas Education Agency Public Education Information Management System 

(PEIMS) database. This chapter includes the following topics: identified population, identified 

sample, research hypotheses, factorial designs, research design, main effects, interaction effects, 

pilot study, instrumentation, data collection procedures, data analysis procedures, and summary. 

Identified Population 
 
 The population for this study was technology directors in public school districts in the 

state of Texas. 

 Identified Sample 
 
 A 5 % sample for this study was obtained from the population of 1,054 public school 

districts. A flyer advertising the online survey and urging participation was mailed to every 

district in the state (see Appendix A). In addition, the survey was advertised via the Texas 

Computer Educators Association (TCEA) TechSIG, which is the special interest group for 
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technology directors (which is subscribed to by the majority of technology directors in the state), 

advertised at Regional Service Center meetings, and at the state TCEA conference. In addition, a 

random selection of school districts were contacted by phone, and they completed the survey 

online during a phone interview process. Unfortunately, due to the detailed nature of the 

financial data required, responses to the survey were not large (n=54), although a large amount 

of quality data were received. 

Hypotheses to Be Tested 
 

 The following null hypotheses were tested: 
 

1. There is no overall significant relationship between total district expenditures and  
 
     student scores on TAAS, TAKS, SAT, and ACT in Texas public schools. 

 Alternative Hypothesis: 

 1a. The sample’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to total district  

expenditures (all monies spent on educating a child). 

 1b. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

total district expenditures (all monies spent on educating a child). 

2. There is no overall significant relationship between total district technology  
 
     expenditures and student scores on TAAS, TAKS, SAT, and ACT in Texas public  
 
     schools. 
 

Alternative Hypothesis: 

 2a. The sample’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to total district  
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technology expenditures (technology monies spent on educating a child). 

 2b. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

total district expenditures (technology monies spent on educating a child). 

3. There is no overall significant relationship between focus on higher order thinking  

    skills using traditional or technologically assisted means and student scores on TAAS,   

    TAKS, SAT, and ACT in Texas public schools. 

Alternative Hypothesis: 

 3a. The sample’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to district focus on   

addressing higher order thinking skills through traditional means. 

 3b. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to   

district focus on addressing higher order thinking skills through traditional means. 

3c. The sample’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to district focus on   

addressing higher order thinking skills through technologically assisted means. 

 3d. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to   

district focus on addressing higher order thinking skills through technologically assisted 

means. 

4. There is no overall significant relationship between subgroups of district technology  
 
     Expenditure (software, hardware, and training) and student scores on TAAS, TAKS, SAT,  
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    and ACT in Texas public  schools. 
 

Alternative Hypothesis: 

4a. The sample’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology expenditures  

on hardware. 

 4b. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on hardware. 

4c. The sample’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology expenditures  

on software. 

 4d. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on software. 

4e. The sample’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology expenditures  

on technology training. 

 4f. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on technology training. 

4g. The sample’s achievement scores on state assessment tests (2001 and  

2002 TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology  

expenditures on hardware and software. 
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 4h. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on hardware and software. 

4i. The sample’s achievement scores on state assessment tests (2001 and  

2002 TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology  

expenditures on hardware, software, and training. 

 4j. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on hardware, software, and training. 

4k. The sample’s achievement scores on state assessment tests (2001 and  

2002 TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology  

expenditures on hardware, software, training, and level of district focus on addressing 

higher order thinking skills through technologically assisted means . 

 4l. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on hardware, software, training and level of district focus on 

addressing higher order thinking skills through technologically assisted means . 

Research Design 

 A series of factorial studies was carried out, utilizing correlational and multiple 

regression techniques to develop a predictive model that could provide for the acceptance or 

rejection of the null hypothesis that there is no difference in student achievement as evidenced by 

Texas district average TAAS and SAT scores in mathematics based on district expenditures on 

technology hardware, technology software, and technology training. The predictive model was 
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developed by examining linear relationships in the relevant data through function analysis. 

Linear functions take the form of f(x) = mx + b where m and b are some fixed numbers. The 

names “m” and “b” are traditional. Functions of this kind are called “linear” because their graphs 

are straight lines The ANOVA model was used to generate this analysis by testing whether the 

mean (or median) of a single variable differs among three or more groups. A multiple regression 

was used to find out how three independent variables vary together. All of these models belong 

to a larger family of models called GLM (Generalized Linear Models) as do the linear regression 

and analysis of covariance models because they represent data in a linear fashion A linear 

mathematical representation of the principal relationships to be studied is of the following form: 

       TAKS   =F (HARDWARE01-03+ SOFTWARE01-03+ TRAINING01-03) +TOTAL  

     EXPENDITURE PER PUPIL03+SIZE+HOF+HOFT 

where TAKS is replaced by TAAS, SAT, and ACT for replication analyses. 

The component pieces of this relationship are identified as follows: 

1. SAT-District mean student scores on the 2001-2003 Scholastic Aptitude Tests. Individual 

year means are reported as MEANSAT01, MEANSAT02, and MEANSAT03.   

2. ACT-District mean student scores on the 2001-2003 American College Tests Individual 

year means are reported as MEANACT01, MEANACT02, and MEANACT03.   

3. TAAS-District mean student scores on the 2001-2002 Texas Assessment of Academic 

Skills. Individual year means are reported as TAAS01 and TAAS02. It should be noted 

that in 03 the TAAS examination was superceeded by another exam entitled the Texas 

Assessment of Knowledge and Skills. 



 46

4. TAKS-District mean student scores on the 2003 Texas Assessment of Knowledge and 

Skills. Individual year means are reported as TAKS3 

5. HARDWARE01-03-District mean hardware expenditures. Individual year means are 

reported as LGHSTU1, LGHSTU2, and LGHSTU3 respectively. 

6. SOFTWARE01-03-District mean software expenditures. Individual year means are 

reported as LGSWSTU1, LGSWSTU2, and LGSWSTU3 respectively. 

7. TRAINING01-03-District mean technology training expenditures. Individual year means 

are reported as LGTSTU1, LGTSTU2, and LGTSTU3 respectively. 

8. TOTAL EXPENDITURE PER PUPIL03-District mean technology training expenditures. 

Individual year mean for 2003 is reported as TOTPUP3 

9. SIZE-District mean enrollment. Individual year mean for 2003 is reported as POP3 

10. HIGHER ORDER FOCUS (HOF)-District focus on teaching toward higher order 

thinking skills as identified by the district Technology Director. Reported as HOT. 

11. HIGHER ORDER FOCUS USING TECHNOLOGY-District focus on teaching toward 

higher order thinking skills using technology as identified by the district Technology 

Director. Reported as THOT. 

Other Relevant Variables 

TOTAL TECHNOLOGY EXPENDITURES- District mean technology training  

 expenditures. Individual year mean for 2003 is reported as TECHPUP3 
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Pilot Study 
 A pilot study was conducted for this project, with significant amounts of variance in 

achievement found to be directly attributable to technology expenditures. This pilot study is 

covered in detail in chapter 2. 

Factorial Designs and Validity 

 Campbell and Stanley (1963, p. 27) indicate that factorial designs build upon the strong 

conceptual basis of true experimental designs, primarily those of the pretest-posttest control 

group design (Design 4) and the posttest only control group design (Design 6). This study 

expands upon the posttest only control group design by using a factorial model to add multiple 

Xs to the following base construct. 

R  X O 

R      O 

Figure 5.  Campbell and Stanley (1963)  posttest-only control group design 

This foundation gives some measure of protection against internal and external validity threats 

by controlling for validity threats to the main effects in the areas of history, maturation, testing, 

instrumentation, regression, selection, and mortality. It also gives some protection against 

interaction effects between the testing and one of the independent variables.   
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Figure 6.   Layout of factorials in this study 
     

A factorial experiment has been defined by Gall, Borg, and Gall (1996) as an experiment 

in which the researcher determines the effect of two or more independent treatment variables 

(factors), both singly and in interaction with each other, on a dependent variable. The effect of 

each independent variable on the dependent variable is called a main effect. The interaction of 

the effect of two or more independent variables on the dependent variable is called an interaction 

effect. All dependent and independent variables are continuous with the exception of HOF and 

HOFT, which are seven-item monotonically increasing variables. These would be examined in 

the following combinations for Main Effects. 

Individual Effects 
 

Predictability of  TAAS/TAKS based on SOFTWARE01-03 

TAAS/TAKS = F( SOFTWARE01-03) +TOTAL EXPENDITURE PER PUPIL 
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Predictability of  SAT/ACT based on SOFTWARE01-03 

SAT/ACT = F( SOFTWARE01-03) +TOTAL EXPENDITURE PER PUPIL 

Predictability of  TAAS/TAKS  based on HARDWARE01-03 

 TAAS/TAKS = F (HARDWARE01-03) +TOTAL EXPENDITURE PER PUPIL 

Predictability of SAT/ACT based on HARDWARE01-03  

SAT/ACT = F (HARDWARE01-03) +TOTAL EXPENDITURE PER PUPIL 

Predictability of  TAAS/TAKS  based on TRAINING01-03  

 TAAS/TAKS = F ( TRAINING01-03) +TOTAL EXPENDITURE PER PUPIL 

Predictability of SAT/ACT based on TRAINING01-03. 

SAT/ACT = F( TRAINING01-03) +TOTAL EXPENDITURE PER PUPIL 

Predictability of TAAS/TAKS based on HOFT  

TAAS/TAKS = F(HOFT) +TOTAL EXPENDITURE PER PUPIL 

Predictability of SAT/ACT based on HOFT  

SAT/ACT = F(HOFT) +TOTAL EXPENDITURE PER PUPIL 

Predictability of TAAS/TAKS based on HOF  

TAAS/TAKS = F(HOF) +TOTAL EXPENDITURE PER PUPIL 
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Predictability of SAT/ACT  based on HOF  

SAT/ACT = F(HOF) +TOTAL EXPENDITURE PER PUPIL 

Predictability of  TAAS/TAKS  based on SIZE  

TAAS/TAKS = F(SIZE) +TOTAL EXPENDITURE PER PUPIL 

Predictability of  SAT/ACT  based on SIZE  

 SAT/ACT = F(SIZE) +TOTAL EXPENDITURE PER PUPIL 

These factors would be examined in the following combinations for Combined  Effects. 

Combined  Effects 
                                         

Predictability of  TAAS/TAKS and SAT/ACT based on SOFTWARE01-03 and HARDWARE01-03 

SAT/ACT/TAAS/TAKS =F(SOFTWARE01-03+HARDWARE01-03)+TOTAL EXPENDITURE 

PER PUPIL 

Predictability of  TAAS/TAKS and SAT/ACT based on SOFTWARE01-03 and  TRAINING01-03. 

SAT/ACT/TAAS/TAKS    =F( SOFTWARE01-03+ TRAINING01-03) + TOTAL EXPENDITURE 

PER PUPIL                                         

Predictability of  TAAS/TAKS and SAT/ACT based on  HARDWARE01-03 and  TRAINING01-03 

SAT/ACT/TAAS/TAKS = F(HARDWARE01-03+ TRAINING01-03) + TOTAL EXPENDITURE 

PER PUPIL            
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Predictability of TAAS/TAKS and SAT/ACT   based on HARDWARE01-03,  SOFTWARE01-03, 

and  TRAINING01-03. 

SAT/ACT/TAAS/TAKS=F(SOFTWARE01-03+HARDWARE01-03+ TRAINING01-03)+TOTAL  

EXPENDITURE PER PUPIL                

Why  Multiple Regression Is Appropriate 
 

Multiple regression was used to learn whether student achievement can be determined 

from technology expenditure. 

Fundamental Assumptions of  Linear Regression 
 

1. Independence  

2. Normality of population from which sample is chosen  

3. Homogeneity of variance  

According to Kühlmann-Berenzon (2002) regression is a technique used to model 

relationships between a response variable and one or several predictor variables. The model 

obtained from the analysis will be a mathematical equation. Such models are useful in predicting 

the value of the response when given information on the predictor variables and in estimating or 

describing the relationship between the response and the predictor variables. However, as with 

the analysis of variance (ANOVA), regression assumes that the variance in the dependent 

variable is equal across groups. The assumption that allows these tests to be used is called the 

homogeneity of error  variance assumption.  
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Instrumentation 

The instrumentation for this study consisted of a 40-item survey (see Appendix C). 

Thirty-eight of the items asked for factual information such as the total district expenditures on 

technology for 2003. The remaining 2 items were 7-item monotonically increasing variable 

questions regarding the technology director’s perception of higher order focus within the district 

and technology’s role in teaching to higher order thinking. Respondents were also given an 

opportunity to comment on their opinion of the relationship between expenditures and 

achievement. These responses are presented in Appendix D. A copy of the survey in its entirety 

is presented in Appendix C. All other data were factual in nature, concerned students’ 

achievement scores and total district expenditures, and were obtained from PEIMS databases 

from the Texas Education Agency. With regards to the achievement measures, the TAAS, 

TAKS, SAT, and ACT are all different measures of student “success” in Texas, with it being 

generally accepted that the TAKS is more of a minimal skills criterion exam and the SAT/ACT 

being more normative with a higher ceiling (College Board, 2003). However, the reliability and 

validity of these exams as consistent measures are well established and hold up well under 

construct validity testing (Cronbach & Meehl, 1955). For example, the Scholastic Aptitude Test 

(SAT) has shown itself to be a valid predictor of student performance in the first year of college, 

especially when combined with factors such as high school grade point average. The college 

board has sponsored several studies to examine how well various criteria predict a student’s 

freshman year performance in college (College Board, 2003). The higher the correlation, the 

better the criteria as a predictor. The following Table 12 gives correlations based upon verbal and 

math scores separately and combined, for high school grade point average alone, and for scores 

combined with high school grade point average.  
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Table 12 
 
SAT Predictive Validity by Gender and Ethnicity 
 
 

Predicting College Performance by Intended Major 
  Gender Ethnicity 

  Female Male 
Afr. 

Amer. 
Or 

Black 

Amer. 
Ind. 

Asian/Asian 
American Hispanic White

  
Math/Science Intended Major 
Number 
of 
Students 

9,446  7,296  1,140  65  3,675  1,276  9,863 

SAT I 
Combined 
(V&M) 
Score 

.56  .60  .55  .54  .62  .54  .54  

SAT I 
Score and 
HSGPA 
Combined 

.65  .67  .64  .65  .71  .63  .64  

  
Other Intended Major 
Number 
of 
Students 

12,556  16,997 1,757  154  4,020  2,098  20,456 

SAT I 
Combined 
(V&M) 
Score 

.50  .56  .48  .39  .54  .45  .49  

SAT I 
Score and 
HSGPA 
Combined 

.58  .63  .56  .54  .60  .55  .60  

       (College Board, 2003) 

The SAT has also shown itself to be a reliable instrument, with a given test taker earning a 

similar score over repeated applications of the examination. The SAT’s reliability is given in 

Table 13. 
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Table 13 
 
Reliability and Standard Error of Measurement for the SAT Verbal and Math Components 
 
 
 Verbal Math 
   (78 questions)   (60 questions) 
Reliability coefficient .91 - .93 .92 - .93 
Standard error of measurement (SEM) 29 – 31 30 – 31 
Standard error of difference (SED) 40 – 44 42 – 44 
Difficulty (average percent correct) .51 - .58 .52 - .58 
   

      (College Board, 2003) 

 The same consistency could be said for the TAKS exam. Validity of criterion-referenced 

assessments such as the TAKS is based upon their accurate coverage of material present in the 

prevailing curriculum. Thus, in Texas, TAAS content validity is tied directly to the statewide 

curriculum. The Texas Education Agency (TEA) used numerous advisory committees consisting 

of educators from school districts across the state to validate the curricular representation of each 

subject area at each grade level. Teachers, test development specialists, and TEA staff members 

worked together in these committees to develop test objectives, instructional targets, 

specifications, and test item types. 

Data Collection Methods 

Data collected for this study came from two separate sources. The first of these were 

district accountability (PEIMS) data regarding student achievement on two examinations, the 

Texas Assessment of Academic Skills (TAAS) and the Scholastic Aptitude Test (SAT), gathered 

from the Texas Education Agency through the Academic Excellence Indicator System. The 

second was an online district survey developed using www.formsite.com and made publicly 

available on the World Wide Web at http://www.texasedtechsurvey.net.  The survey regarding 
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technology expenditures and their impact was completed by the district’s technology director, 

with both an IRB, human subjects notification and validation of access to appropriate 

information being required before the survey could be completed. This survey was available 

online until March 15, 2005. An application for the Approval of Investigation Involving Human 

Subjects was submitted to the University of North Texas Institutional Review Board (IRB), and 

approval was granted. A copy of the approval letter is located in Appendix B. Data collection did 

not occur until approval was granted from the IRB 

 Data gathering for this survey included multiple methods of encouraging participation. 

An electronic mail message was sent to every member of the Texas Computer Educator’s 

Association listserv; this message resulted in 24 responses. Presentations regarding the survey 

were given at several gatherings of Technology Directors including the Educational Technology 

Advisory Board of Region 11, resulting in three responses. A flyer was sent to each of the 1,054 

public school districts in the state resulting in one response. Finally, 154 phone calls were made 

to conduct the survey via phone interview resulting in 36 responses. 

Data Analysis 

 Data analysis began with an examination of descriptive and demographic data to gain an 

overview of the sample variables examined including district size by high school population, 

total student population, and total expenditures. Conversions from total expenditures to per pupil 

expenditures were obtained by dividing year appropriate student populations into total 

expenditures. This same procedure was followed for determining total technology expenditures 

and technology expenditure subgroups such as training. These items were then tested for 

normalcy and found to present significant skewness and kurtosis.  Both natural and base 10 
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logarithms were applied, with the base 10 log having the more normalizing effect. Hypothesis 

testing was completed by applying a variety of two tail and partial correlations to hypotheses 1, 2 

and 3 and then applying analysis of variance and multiple regression techniques. Multiple 

regression and analysis of variance were used exclusively for hypothesis four. 

Summary 
 
 Every district in the state was contacted and asked to participate in an online survey 

regarding technology expenditures.  Fifty-four responses were received following a variety of 

means of contacting districts.  These results were matched with student achievement and total 

expenditure data obtained from the Texas Education Agency through their PEIMS system. The 

data were analyzed using correlations, analysis of variance, and multiple regression. The results 

of this study are designed to serve as a foundation for future study in the areas of technology 

expenditure versus achievement. Every participating district will receive a copy of the study 

results.  
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CHAPTER 4 
 

ANALYSIS OF DATA, RESEARCH FINDINGS, AND DISCUSSION 
 

Introduction 
 
 The main purpose of this study was to investigate the relationship between expenditure 

and achievement, by way of four research questions. Demographic information as well as the 

findings and analyses of each research question, are presented in this chapter. The following null 

hypotheses were tested: 

1. There is no overall significant relationship between total district expenditures and  
 
     student scores on TAAS, TAKS, SAT, and ACT in Texas public schools. 

2. There is no overall significant relationship between total district technology  
 
     expenditures and student scores on TAAS, TAKS, SAT, and ACT in Texas public  
 
     schools. 
 
3. There is no overall significant relationship between focus on higher order thinking  

    skills using traditional or technologically assisted means and student scores on TAAS,   

    TAKS, SAT, and ACT in Texas public schools. 

4. There is no overall significant relationship between subgroups of district technology  
 
     expenditure and student scores on TAAS, TAKS, SAT, and ACT in Texas public  
 
     schools. 
 

Data were obtained by contacting every public school district in the state of Texas (1,054 

total) and asking them to participate by either filling out a form online or by participating in a 

telephone interview. Fifty-four participants submitted financial and qualitative data, which were 
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then matched to available achievement data obtained through the Texas Education Agency. 

Several analysis methods (correlation, analysis of variance, and regression analysis) were then 

applied to the quantitative data to seek answers to the four research questions, and the Statistical 

Package for the Social Sciences (SPSS © 10.1) software was used to test the relations for main 

and combined effects. 

This chapter also presents a summary of the descriptive data on participants, results of the 

analysis of data in terms of main and interaction effects, and a detailed discussion of the impact 

of these results in terms of the four hypothesis. A summary of the results and research findings is 

included at the end of the chapter. 

 

Description of Subjects 
 
 A total of 54 districts (5.1 % of the population) took part in completing the survey 

instrument either online or via phone interview. Figure 7 shows the distribution of districts by 

classification of high school for University Interscholastic League (UIL) activity (a factor of size 

of the high school with the larger number being a larger school).  
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Figure 7.  Population of study by high school size classification. 
 

Total district enrollment, total expenditures per pupil in the district, and total 

expenditures per pupil in the district for technology are illustrated in Table 14, where POP3 is 

the total district population for 2003, TOTPUP3 is the per pupil expenditure for the district for 

2003, and TECPUP3 is the per pupil technology expenditure for the district for 2003. 

Table 14 
 
Descriptive Statistics for Population Per Pupil Total Expenditure and Per Pupil Technology 
Expenditure 
 
 

  

Districts spent their money on technology in proportions illustrated on Table 15, where 

LGTSTU3=training expenditures per pupil for 2003, LGSWST03=software expense, and 
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LGHSTU3=hardware expenditures per pupil for 2003. Likewise, LGTSTU2=training 

expenditures per pupil for 2002, LGSWST02=software expense, and LGHSTU2=hardware 

expenditures per pupil for 2002. The same naming covention holds for 2001. 

Table 15 
 
Descriptive Statistics for Hardware, Software, and Training Expenditure 
 

 

The data indicate a significant drop in expenditures from 2001 to 2002. It should be noted that 

while the N shifts due to the completeness of the data for each particular year, the pattern of 

decrease in expenditure  remains when examining the 28 districts of the listwise set. This is most 

easily accomplished by doing a mean comparison of the listwise set illustrated in Table 16 and 

comparing it to the means for the sample set.  
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Table 16 

 
Mean Comparison for Hardware, Software, and Training Expenditures 
 
 

 

The relationship is most easily examined through a side-by-side comparison as illustrated in 

Table 17. 

Side by Side Comparison of Hardware, Software, and Training Expenditure Means 
 

 

For this sample there was a drastic reduction in expenditure from 2001 to 2003 in the areas of 

technology hardware, software, and training. This reported reduction is consistent with statewide 

findings mentioned in chapter 1. This decrease in mean expenditures is represented graphically 

in Figure 8. 
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Figure 8.  Mean expenditures on training, software, and hardware for 2001-2003. 
 
 

Normalization of Data 

The initial data set was adjusted for normalization by removing one case (case 35) for 

lack of data because the case had only a comment and no quantitative data, by adjusting the data 

from a bimodal distribution to a normal distribution through a subsequent splitting of data sets 

and the subsequent removal of cases with a LGTECP3 value of >2.75, and correcting for 

skewness and kurtosis through a base 10 logarithmic transformation. 

Normalization of the bimodal distribution in terms of technology expenditure per pupil  

was accomplished by splitting the cases into two ranges based upon the logarithmic 

transformation of the technology expenditure per pupil (LGTECP3) which for purposes of the 

split was set at a range of 1.63 through 2.75, accounting for 46 (85 %) cases and a range of 2.88 

through 3.38 accounting for 9 (15%) cases. Because this split provided an sufficient for the 

quantitative analysis only on the range of 1.63 through 2.75, it will be accepted as a limitation of 

the study that findings are not necessarily applicable to districts with a LGTECP3 value of 2.88 

or greater. For further information on limitations see chapter 1. This resulted in unimodal normal 
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distribution for the LGTECP3 range of 1.63 through 2.75. The distribution of the data after 

transformation is illustrated in Figure 9. 

 

Figure 9.  Unimodal normal distribution for LGTECP3 after transformation. 
 

When examining histograms for the data, total technology expenditures, as well as per 

pupil subgroup expenditure, data for hardware, software, and training obtained from districts 

showed levels of kurtosis and skewness beyond the standard accepted values for those statistics, 

indicating that the data as initially represented did not reflect a normal distribution. Traditionally, 

skewness and kurtosis refer to distribution shapes that deviate from the shape of a normal 

distribution, where a skewed distribution is characterized as a tail pointed  toward the high end of 

the scale (a positive skew) or toward the low end of the scale (a negative skew). The skewness of 

a random variable X is denoted or skew(X). It is defined as: 
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where and are the mean and standard deviation of X. In the case of the data represented here, 

there was a strong negative skew.  

Additionally, a distribution with high kurtosis is characterized by the distribution being 

too narrow and peaked (a leptokurtic distribution) or too wide and flat (a platykurtic 

distribution). The kurtosis of a random variable X is denoted or kurt(X). It is defined as 

 

where and are the mean and standard deviation of X.  If there is no kurtosis, the kurtosis 

statistic will be zero.  

A normal distribution has both no skewness and no kurtosis. As for any statistic, it is not 

often that the actual values of the skewness and kurtosis statistics actually turn out to be exactly 

zero. The question becomes at what point are the skewness or kurtosis scores so different from 

zero that the hypothesis that they represent a normal distribution must be rejected. This can be 

accomplished by setting up a 95% confidence interval around the skewness score and another 

95% confidence interval around the kurtosis score. If the 95% confidence interval includes the 

value zero then we cannot reject the hypothesis that the distribution has no skewness (or no 

kurtosis) cannot br rejected.  

The 95% confidence intervals are defined as  

95% C.I. = skewness statistic ± 1.96 * (standard error of skewness) 

and  

95% C. I. = kurtosis statistic ± 1.96 * (standard error of kurtosis). 
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This results in a confidence interval of  3.953 ± 1.96 *.35 for the largest skewness case statistic 

in the data set for a 95% confidence interval of 3.267 through 4.639 and a confidence level of 

2.377 ± 1.96*.35 for the smallest skewness case statistic in the data set for a 95% confidence 

interval of 1.691 through 3.063. Because the 95% confidence interval does not include zero,  

there is evidence to reject the hypothesis that for these two case statistics the distribution is not 

skewed, or more simply, that for these two cases the distribution is skewed. As the standard error 

for the cases does not exceed .393, it follows that no case in the range is without skewed. 

The same procedure when applied to the kurtosis of the cases results in a confidence 

interval of 17.738 ±1.96 *.688,  resulting in a 95% confidence interval of  19.086 through 16.390 

for the case with the largest kurtosis and a confidence interval of  5.222 ±1.96 *.695,  resulting in 

a 95% confidence interval of  6.584 through 3.860 for the case with the smallest kurtosis. 

Because the 95% confidence interval does not include zero, there is evidence to reject the 

hypothesis that for these two case statistics the distribution is free from significant kurtosis. 

Because more simply, that for these two cases the distribution significant kurtosis is present. As 

the standard error for the cases does not exceed .768 it follows that no case in the range is free 

from significant kurtosis. 

In order to correct for the significant levels of kurtosis and skewness, a base 10 logarithm 

was applied to the cases within the ranges mentioned above. The base 10 logarithm reduced 

skewness and kurtosis values below ±1.96, resulting in 95% confidence intervals that included 

zero in their range indicating that for the transformed values, there is no evidence to reject the 

hypothesis that for the case range statistics the transformed distributions are free from significant 

skewness and kurtosis. The initial values for the cases as well as their transformed values are 
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represented in Table 18. It should be noted that the variable names for the nontransformed 

variables are missing the addition of the LG prefix, so for example HARD01 is the 

nontransformed value for LGHSTU1(2001 hardware expenditures per pupil), SOFT01 is the 

nontransformed value for LGSWSTU1(2001 software expenditures per pupil), and TRAIN01 is 

the nontransformed value for LGTSTU1(2001 training expenditures per pupil). 

Table 18 

Summary of Logarithmic Transformations for Hardware, Software, and Training Expenditures 
 

 

 
 

An example of the positive effect of the total technology expenditures per pupil transformations 

is given in Figure 10. 

 
 



 67

TECPUP2

900.0
800.0

700.0
600.0

500.0
400.0

300.0
200.0

100.0
0.0

16

14

12

10

8

6

4

2

0

Std. Dev = 176.36  
Mean = 224.1
N = 38.00

 LGTCPUP2

3.00
2.88

2.75
2.63

2.50
2.38

2.25
2.13

2.00
1.88

1.75
1.63

10

8

6

4

2

0

Std. Dev = .28  
Mean = 2.27
N = 37.00

 
 

Figure 10.  TECPUP2 before transformation/LGTPUP2 after transformation. 
 

In summary, it is clear that the logarithmic transformations had a great effect in normalizing the 

sample distribution. 

 

Analysis of Hypothesis 1 
 

  Hypothesis 1: There is no overall significant relationship between total district 

expenditures and  student scores on TAAS, TAKS, SAT, and ACT in Texas public schools. 

 
Hypothesis 1 was tested by using several Pearson two-tail correlations as well as linear 

regressions. The first series was between 2003 total district expenditures per student 

(TOTPUP3), 2003 TAKS scores (TAKS3), 2003 SAT scores (MEANSAT3), and 2003 ACT 

scores (MEANACT3); the second was between 2002 total district expenditures per student 

(TOTPUP2), 2003 TAKS scores (TAKS3), 2003 SAT scores (MEANSAT3), and 2003 ACT 

scores (MEANACT3); and the third was between 2001 total district expenditures per student 

(TOTPUP1), 2003 TAKS scores (TAKS3), 2003 SAT scores (MEANSAT3), and 2003 ACT 

scores (MEANACT3). The findings for these correlations are presented in Tables 19 to 25. For 

all correlations run there was no significant relationship between total expenditures and student 
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achievement on TAAS, TAKS, SAT, or ACT. Correlation coefficients were very low (under .2) 

for most comparisons.  

 
Table 19 
 
Correlation 1: 2003 Total District Expenditures Versus 2003 Achievement 
 
 

      
 

Table 20 
 
Correlation 2:  2002 Total District Expenditures Versus 2003 Achievement 
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Table 21 
 
Correlation 3:  2001 Total District Expenditures Versus 2003 Achievement 
          

     
 

To account for the possibility of a nonlinear relationship, the same correlations were run using 

Kendall’s tau-B and Spearman’s rho. As was indicated above, there was no significant 

correlation between total expenditures and achievement, indicating that there was no correlation 

between the variables, linear or otherwise. The results for the 2003 comparison are presented in 

Table 22. 
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Table 22 
 
Kendall’s tau and Spearman Correlations for Total Expenditures 
 
 

 

An additional series examining TAAS scores was conducted, with the first correlation 

examining 2002 total district expenditures per student (TOTPUP2), 2002 TAAS scores 

(TAAS2), 2002 SAT scores (SAT02), and 2002 ACT scores (ACT02).  The second being 

between 2001 total district expenditures per student (TOTPUP1), 2002 TAAS scores (TAAS2), 

2002 SAT scores (SAT02), and 2002 ACT scores (ACT02). The findings for these correlations 

are presented in Tables 23 to 25. 
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Table 23 
 
Correlation 4:  2002 total district expenditures versus 2002 achievement 
 

 

Table 24 
 
Correlation 5:  2001 total district expenditures versus 2002 achievement 

 

 
 

Again, to account for the possibility of a nonlinear relationship, the same correlations were run 

using Kendall’s tau-B and Spearman’s rho. As was indicated above, there was no significant 
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correlation between total expenditures and achievement, indicating that there was no correlation 

between the variables, linear or otherwise. The results for the 2002 comparison are presented in 

Table 25. 

Table 25 
 
Kendall’s tau and Spearman Correlations for 2002 Total Expenditures 
 

 

As shown in Tables 23 to 25, there was no correlation between total expenditures and student 

scores on the TAAS, TAKS, SAT, and ACT at the .05 level of significance.  
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A series of linear regressions were run to clarify the variance of TOTPUP1-3 versus TAKS3, 

SAT3, and ACT3 achievement. No significant R squared values were present with the range of R 

square being from .001 (SAT) to .02 (TAKS3). 

 

Hypothesis 1: Summary 
 
Research Question: 
 
1. Are there significant relationships between total district expenditures and student scores on the 

Texas Assessment of Academic Skills (TAAS), Texas Assessment of Knowledge And Skills 

(TAKS), Scholastic Aptitude Test (SAT), and American College Test  (ACT) in Texas public 

schools? 

Null Hypothesis: 

1. There is no overall significant relationship between total district expenditures and  
 
     student scores on TAAS, TAKS, SAT, and ACT in Texas public schools. 

The question was tested using several Pearson, Kendall’s Tau, and Spearman two-tail 

correlations as well as multiple regression analysis. 

 Alternative Hypothesis: 

 1a. The sample population’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to total district  

expenditures (all monies spent on educating a child). 

Findings: 

The correlation coefficients for 2003 TAKS achievement indicators equaled .089 for 2003 

expenditures, .108 for 2002 expenditures, and .035 for 2001 expenditures. Similar results were 
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obtained with Kendall’s tau and Spearman correlations returning no correlation coefficient 

greater than .035. 

Alternative Hypothesis: 

 1b. The sample population’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

total district expenditures (all monies spent on educating a child). 

Findings: 

The correlation coefficients for 2003 ACT achievement indicators equaled .124 for 2003 

expenditures, .023 for 2002 expenditures, and -.169 for 2001 expenditures. The correlation 

coefficients for 2003 SAT achievement indicators equaled .042 for 2003 expenditures, .008 for 

2002 expenditures, and -.156 for 2001 expenditures.  

Conclusion: 

There is insufficient evidence to reject the null hypothesis. 

Analysis of Hypothesis 2 
 

  Hypothesis 2: There is no overall significant relationship between total district 

technology expenditures and student scores on TAAS, TAKS, SAT, and ACT in Texas public 

schools. 

Hypothesis 2 was tested by using several Pearson two-tail correlations as well as linear 

regression. It should be noted that for these comparisons, per pupil technology expenditures for 

2003 (TECHPUP03), per pupil technology expenditures for 2002 (TECHPUP02), and 

technology expenditures for 2001 (TECHPUP01) showed enough skew and kurtosis to merit 

base 10 logarithmic transformation resulting in LGTCPUP3, LGTCPUP2, and LGTCPUP1, 

respectively. The first series was between 2003 total district technology expenditures per student 
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(LGTCPUP3), 2003 TAKS scores (TAKS3), 2003 SAT scores (MEANSAT3), and 2003 ACT 

scores (MEANACT3); the second was between 2002 total district technology expenditures per 

student (LGTCPUP2), 2003 TAKS scores (TAKS3), 2003 SAT scores (MEANSAT3), and 2003 

ACT scores (MEANACT3); and the third was between 2001 total district technology 

expenditures per student (LGTCPUP1), 2003 TAKS scores (TAKS3), 2003 SAT scores 

(MEANSAT3), and 2003 ACT scores (MEANACT3). The findings for these correlations are 

presented in Tables 26 to 32 

Table 26 
 
Correlation 1: 2003 District Technology Expenditures per Pupil versus 2003 Achievement 
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Table 27 
 
Correlation 2: 2002 District Technology Expenditures per Pupil Versus 2003 Achievement 
 

 

 
 

Table 28 
 
Correlation 3: 2001 District Technology Expenditures per Pupil Versus 2003 Achievement 
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According to this analysis, significant negative correlations were established between 

2003 and 2002 technology expenditures per pupil and 2003 achievement on the SAT/ACT and 

2002 achievement on the SAT. A positive correlation was established between total technology 

expenditures for 2001 and student achievement on the 2003 TAKS test. These relationships were 

then examined controlling for total district expenditures for 2003, 2002, and 2001, respectively, 

using partial correlations with the findings presented in Table 29. 

Table 29 
 
Partial Correlations Controlling for Total Expenditures in Years 2001 – 2003 
 
 

 

The negative correlations for SAT and ACT 2003 performance did not appear when total 

expenditures for 2001, 2002, and 2003 were controlled. Unfortunately, there were not enough 

degrees of freedom to accurately assess correlations of previous years’ expenditures with 

controls.  
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To account for the possibility of a nonlinear relationship, the same correlations were run 

using Kendall’s tau-B and Spearman’s rho. These tests present a similar pattern of results with a 

weakening in significance for SAT and a strengthening of significance for ACT. The results for 

the 2003 comparison are presented in Table 30. 

Table 30 
 
Kendall’s tau and Spearman Correlations for Total Technology Expenditures for 2003 
 

 

Likewise, the application of Kendall’s tau-B and Spearman’s rho significantly 

strengthened the correlation between 2001 technology expenditures and 2003 TAKS 

achievement by shifting the significance from .036 (Pearson’s) to .018 (Kendall’s) to .012 

(Spearman’s) with 30 degrees of freedom. This indicates that the linearity of the relationship 
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strengthens the negative correlation between 2003/2002 technology expenditures and 2003/2002 

SAT and weakens the negative relationship between 2003/2002 technology expenditures and 

2003/2002 ACT, as well as weakening the positive relationship between 2001 technology 

expenditures and 2003 TAKS achievement.  

Table 31 
 
Kendall’s tau and Spearman Correlations for Total Technology Expenditures for 2001 
 

 

 

To further clarify the nature of the positive correlation between 2001 technology 

expenditures and 2003 TAKS achievement, a correlation was done comparing 2001 technology 

expenditures and 2002 test results. This analysis yielded no significant relationships between test 

results in 2002 and total technology expenditures in 2001. 
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Table 32 
 
2001 Expenditures Versus 2002 Achievement Comparison 
 
 

 

A series of linear regressions was run to clarify the variance of LGTCPUP1-3 versus TAKS3, 

SAT3, and ACT3 achievement. No significant R squared values were present with the range of R 

square being from 0 to .07. 

Hypothesis 2: Summary 
 

Research Question: 
 
2. Are there significant relationships between total district technology expenditures and student 

scores on the Texas Assessment of Academic Skills (TAAS), Texas Assessment of Knowledge 

And Skills (TAKS), Scholastic Aptitude Test (SAT), and American College Test  (ACT) in 

Texas public schools? 

Null Hypothesis: 

2. There is no overall significant relationship between total district technology  expenditures and  
 
student scores on TAAS, TAKS, SAT, and ACT in Texas public  schools. 
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The data for this question was corrected for skew and kurtosis using a base 10 logarithm.  The 

question was tested using several Pearson, Kendall’s tau, and Spearman two-tail correlations as 

well as multiple regression analysis.  

 
Alternative Hypothesis: 

 2a. The sample population’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to total district  

technology expenditures (technology monies spent on educating a child). 

Findings: 

A significant positive relationship was found for 2001 technology expenditures and 2003 student 

achievement. This relationship had a Pearson correlation coefficient of .385 (n=30), and an effect 

size of d=.85 which was significant at the .03 level. There were no other significant correlations 

between total technology expenditure and 2001or 2002 TAAS achievement No significant linear 

relationships were established through linear regression with no significant amount of variance 

being attributable to the independent variables. 

Alternative Hypothesis: 

 2b. The sample population’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

total district expenditures (technology monies spent on educating a child). 

Findings: 

A significant negative relationship was found for 03 and 02 total technology expenditures and 

2003 student achievement on the SAT and ACT. This relationship had a Pearson correlation 

coefficient of -.338 for 2003 technology per pupil expenditure versus 2003 SAT achievement 

and a Pearson correlation coefficient of -.317 for 03 technology per pupil expenditure versus 
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2003 ACT achievement. The 2002 expenditure versus 2003 achievement relationship had a 

Pearson correlation coefficient of -.389 for 2002 technology per pupil expenditure versus 2003 

SAT achievement and a Pearson correlation coefficient of -.244 for 2002 technology per pupil 

expenditure versus 2003 ACT achievement.  

Conclusion: 

Significant correlations between 2001 technology expenditures and 2003 TAKS scores according 

to Pearson (r=.385 p=.036), Kendall (r=.306 p=.018), and Spearman (r=.452 p=.012) are judged 

to be sufficient evidence to reject the null hypothesis and conclude that a relationship between 

total technology expenditure and achievement exists. 

Analysis of Hypothesis 3 
 

  Null Hypothesis 3: There is no overall significant relationship between focus on 

higher order thinking skills using traditional or technologically assisted means and student scores 

on TAAS, TAKS, SAT, and ACT in Texas public schools. 

Hypothesis 3 was tested by using several Pearson two-tail correlations, with the first 

series being between higher order focus using traditional methods (HOT), 2003 TAKS scores 

(TAKS3), 2003 SAT scores (MEANSAT3), and 2003 ACT scores (MEANACT3); and the 

second series was between higher order focus using technology assisted methods (THOT), 2003 

TAKS scores (TAKS3), 2003 SAT scores (MEANSAT3), and 2003 ACT scores (MEANACT3).  

The findings for these correlations are presented in Tables 33 to 36. 
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Table 33 
 
Higher Order Thinking Versus Achievement 2003 
 
 

 

According to the data in Table 34, there is no significant correlation between focus on 

district focus on higher order thinking as determined by the district technology coordinator and 

scores on the TAAS, TAKS, SAT, and ACT. 

Table 34 
 
Technology Assisted Higher Order Thinking Versus Achievement 2003 
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According to the data in Table 34, there is no significant correlation between focus on 

district focus on technology assisted higher order thinking as determined by the district 

technology coordinator and scores on the TAAS, TAKS, SAT, and ACT. 

To account for the possibility of a nonlinear relationship, the same correlations were run 

using Kendall’s tau-B and Spearman’s rho. As was indicated above, there was no significant 

correlation between HOT and THOT and student scores indicating that there was no correlation 

between the variables, linear or otherwise. The results for this comparison are presented in Table 

35. 

Table 35 
 
Kendall’s tau HOT and THOT 2003 
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Table 36 
 
Spearman’s rho THOT and HOT 2003 
 

 

Again, Kendall’s tau-B and Spearman’s rho provide a similar pattern of nonsignificance as 

Pearson.  

Hypothesis 3: Summary 
Research Question: 

3. Are there significant relationships between a focus on higher order thinking skills using 

traditional or technologically assisted means and student scores on the Texas Assessment of 

Academic Skills (TAAS), Texas Assessment of Knowledge And Skills (TAKS), Scholastic 

Aptitude Test (SAT), and American College Test  (ACT) in Texas public schools? 

Null Hypothesis: 

3. There is no overall significant relationship between focus on higher order thinking  

    skills using traditional or technologically assisted means and student scores on TAAS,   

    TAKS, SAT, and ACT in Texas public schools. 
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The data for this question were corrected for skew and kurtosis using a base 10 logarithm.  The 

question was tested using several Pearson, Kendall’s tau, and Spearman two-tail correlations as 

well as multiple regression analysis.  

Alternative Hypothesis: 

3a. The sample population’s achievement scores on 2003 TAKS vary due to district focus     

on addressing higher order thinking skills through traditional means. 

Findings: 

2003 TAKS achievement indicators did not vary significantly due to district focus on 

addressing higher order thinking skills through traditional means, returning an R-squared value 

of .002 and an adjusted R-square value of -.048. 

Alternative Hypothesis: 

 3b. The sample population’s achievement scores on the 2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary  due to district focus on addressing  

higher order thinking skills through traditional means. 

Findings: 

2003 SAT achievement indicators did not vary significantly due to district focus on 

addressing higher order thinking skills through traditional means, returning an R-squared value 

of -.019 and an adjusted R-square value of -.044. 

2003 ACT achievement indicators did not vary significantly due to district focus on 

addressing higher order thinking skills through traditional means, returning an R-squared value 

of -.006 and an adjusted R-square value of -.047. 

Alternative Hypothesis: 
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3c. The sample population’s achievement scores on 2003 TAKS vary due to district focus 

 on addressing higher order thinking skills through technologically assisted means. 

Findings: 

2003 TAKS achievement indicators did not vary significantly due to district focus on 

addressing higher order thinking skills through technologically assisted l means, returning an R-

squared value of .003 and an adjusted R-square value of -.047. 

Alternative Hypothesis: 

 3d. The sample population’s achievement scores on 2003 Scholastic Aptitude Test (SAT) 

 and American  College Test (ACT) vary due to district focus on addressing higher order  

 thinking skills through technologically assisted means. 

Findings: 

2003 SAT achievement indicators did not vary significantly due to district focus on 

addressing higher order thinking skills through technologically assisted means, returning an R-

squared value of .077 and an adjusted R-square value of .017. 

2003 ACT achievement indicators did not vary significantly due to district focus on 

addressing higher order thinking skills through technologically assisted means returning a R-

squared value of .019 and an adjusted R-square value of -.032. 

Conclusion: 

There was no significant relationship between student achievement and district higher order 

teaching focus and higher order teaching focus with technology as determined by the district 

technology director. The HOT focus was very weakly, presented with no Pearson correlation 

value of greater than .05 for HOT versus 2003 achievement. THOT returned slightly better 

(although not significant) values, with the lowest being .05 (TAKS) and the highest being .229 
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(SAT). No significant amount of variance was accounted for using multiple regression. There is 

insufficient evidence to reject the null hypothesis. 

Hypothesis 4 
  Null Hypothesis 4: There is no overall significant relationship between subgroups 

of district technology expenditure and student scores on TAAS, TAKS, SAT, and ACT in Texas 

public  schools.  Hypothesis 4 was tested using ANOVA and Multiple Regression procedures for 

each area of main and interaction effects as mentioned in chapter one.  

Individual Effects 

Predictability of  TAAS/TAKS Based on SOFTWARE01-03 

 The effect of software expenditures on TAKS/TAAS achievement controlling for wealth 

expressed as: 

TAAS/TAKS = F( SOFTWARE01-03) +TOTAL EXPENDITURE PER PUPIL 

 where TAAS/TAKS=student scores on the 2001 and 2002 TAAS test, respectively, and 2003 

TAKS test, TOTAL EXPENDITURE PER PUPIL was total pupil expenditure for 2001-2003, 

and software was the base 10 logarithm of per pupil expenditure for 2001 (LGSWST01), 2002 

(LGSWST02), and 2003 (LGSWST03). This function would be calculated  for the 2003 school 

year as: 

F(TAKS3)=(LGSWST01+LGSWST02+LGSWST03) +TOTPUP3 (AS CONTROL) 

  This function was tested and showed no significant variance accounted for because it 

returned an R square value of .053 when examined over the period of 2001-2003 as illustrated in 



 89

Table 37. Additionally, none of the component pieces of the model showed a significant impact 

upon the dependent variable (TAKS3) when controlling for the others. 

Table 37 
 
 
Predictability of  TAKS/TAAS Based on Software Expenditure 

 

 

 

Therefore, TAAS/TAKS = F( SOFTWARE01-03) +TOTAL EXPENDITURE PER PUPIL 

does not indicate that software expenditure can, taken alone, be a reliable predictor of TAAS 

achievement. 
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Predictability of  SAT/ACT Based on SOFTWARE01-03 

 The effect of software expenditures on  SAT/ACT achievement controlling for wealth 

expressed as: 

SAT/ACT = F( SOFTWARE01-03) +TOTAL EXPENDITURE PER PUPIL 

The resulting functions would be calculated for the 2003 school year as: 

F(SAT3)=(LGSWST01+LGSWST02+LGSWST03) +TOTPUP3 (AS CONTROL) 

F(ACT3)=(LGSWST01+LGSWST02+LGSWST03) +TOTPUP3 (AS CONTROL) 

  These functions were tested and showed no significant amount of the variance accounted 

for because they returned  R Square values of .086 (SAT3) and .125 (ACT3) when examined 

over the period of 2001-2003, as illustrated in Tables 39 to 39. Additionally, none of the 

component pieces of the model showed a significant impact upon the dependent variable 

(TAKS3) when controlling for the others. 

                    SAT = F( SOFTWARE01-03) +TOTAL EXPENDITURE PER PUPIL 

 



 91

Table 38 
 
Predictability of  SAT Based on Software Expenditure 
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Table 39 
 
Predictability of  ACT Based on Software Expenditure 
 

F  ACT = (SWEXP) +WEALTH 

 

 

 

Therefore, SAT = F( SOFTWARE01-03) +TOTAL EXPENDITURE PER PUPIL  and    ACT = 

F( SOFTWARE01-03) +TOTAL EXPENDITURE PER PUPIL do not indicate that software 

expenditure, taken alone, can be a reliable predictor of SAT/ACT achievement. 
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Predictability of  TAAS/TAKS  Based on HARDWARE01-03 

The effect of hardware expenditures on TAKS/TAAS achievement controlling for wealth 

expressed as: 

TAAS/TAKS = F (HARDWARE01-03) +TOTAL EXPENDITURE PER PUPIL 

where TAAS/TAKS=student scores on the 2001 and 2002 TAAS test, respectively, and 2003 

TAKS test, TOTAL EXPENDITURE PER PUPIL was total pupil expenditure for 2001-2003, 

and hardware was the base 10 logarithm of per pupil expenditure for 2001 (LGHSTU1), 2002 

(LGHSTU2), and 2003 (LGHSTU3). This function would be calculated for the 2003 school year 

as: 

F(TAKS3)=(LGHSTU1+LGHSTU2+LGHSTU3) +TOTPUP3 (AS CONTROL) 

 This function was tested and showed no significant amount of the variance accounted for  

because it returned an R Square value of .056 when examined over the period of 2001-2003 as 

illustrated in Table 40. Additionally, none of the component pieces of the model showed a 

significant impact upon the dependent variable (TAKS3) when controlling for the others. 
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Table 40 
 
Predictability of TAKS/TAAS Based on Hardware Expenditure 

  

 

 

Therefore, TAAS/TAKS = F (HARDWARE01-03) +TOTAL EXPENDITURE PER PUPIL does 

not indicate that hardware expenditure can, taken alone, be a reliable predictor of TAAS 

achievement. 

Predictability of SAT/ACT Based on HARDWARE01-03 

The effect of hardware expenditures on  SAT/ACT achievement controlling for wealth 

expressed as: 
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SAT/ACT = F (HARDWARE01-03) +TOTAL EXPENDITURE PER PUPIL 

This function would be calculated for 2003 as: 

F(SAT3)=(LGHSTU1+LGHSTU2+LGHSTU3) +TOTPUP3 (AS CONTROL) 

F(ACT3)=(LGHSTU1+LGHSTU2+LGHSTU3) +TOTPUP3 (AS CONTROL) 

 These functions were tested and showed no significant amount of the variance accounted for as 

they returned  R Square values of .087 (SAT3) and .127 (ACT3) when examined over the period 

of 2001-2003 as illustrated in Tables 41-42. Additionally, none of the component pieces of the 

model showed a significant impact upon the dependent variable (TAKS3) when controlling for 

the others. 

 
Table 41 
 
Predictability of  SAT Based on Hardware Expenditure  
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Table 42 
 
Predictability of ACT Based on Hardware Expenditure  
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Therefore, SAT = F (HARDWARE01-03) +TOTAL EXPENDITURE PER PUPIL and ACT = F 

(HARDWARE01-03) +TOTAL EXPENDITURE PER PUPIL do not indicate that hardware 

expenditure, taken alone, can be a reliable predictor of SAT/ACT achievement. 

Predictability of  TAAS/TAKS  Based on TRAINING01-03 

The effect of hardware expenditures on TAKS/TAAS achievement controlling for wealth 

expressed as: 

TAAS/TAKS = F ( TRAINING01-03) +TOTAL EXPENDITURE PER PUPIL 

 where TAAS/TAKS=student scores on the 2001-2003 TAKS test (TAKS3), TOTAL 

EXPENDITURE PER PUPIL was total pupil expenditure for 2001-2003 and hardware was the 

base 10 logarithm of per pupil expenditure for 2001 (LGTSTU1), 2002 (LGTSTU2), and 2003 

(LGTSTU3). This function would be calculated for 2003 as: 

F(TAKS3)=(LGTSTU1+LGTSTU2+LGTSTU3) +TOTPUP3 (AS CONTROL) 

 This function was tested and showed no significant amount of the variance accounted for 

because it returned an R Square value of .118 when examined over the period of 2001-2003 as 

illustrated in Table 43. Additionally, none of the component pieces of the model showed a 

significant impact upon the dependent variable (TAKS3) when controlling for the others. 
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Table 43 
 
Predictability of  TAAS/TAKS based on Training Expenditures 

 

 

 

Therefore,  TAAS/TAKS = F ( TRAINING01-03) +TOTAL EXPENDITURE PER PUPIL does 

not indicate that training expenditure, taken alone, can be a reliable predictor of TAAS/TAKS 

achievement. 

Predictability of SAT/ACT Based on TRAINING01-03. 

The effect of training expenditures on SAT/ACT achievement controlling for wealth 

expressed as: 
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SAT/ACT = F( TRAINING01-03) +TOTAL EXPENDITURE PER PUPIL 

This function would be calculated for the 2003 school year as: 

F(SAT3)=(LGTSTU1+LGTSTU2+LGTSTU3) +TOTPUP3 (AS CONTROL) 

F(ACT3)=(LGTSTU1+LGTSTU2+LGTSTU3) +TOTPUP3 (AS CONTROL) 

 These functions were tested and showed no significant amount of the variance accounted for 

because they returned  R Square values of .144 (SAT3) and .087 (ACT3) when examined over 

the period of 2001-2003 as illustrated in Tables 44 to 45. Additionally, none of the component 

pieces of the model showed a significant impact upon the dependent variable (TAKS3) when 

controlling for the others. 

 
Table 44 
 
Predictability of  SAT based on Training Expenditures 
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Table 45 
 
Predictability of  ACT based on Training Expenditures 
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Therefore, SAT = F( TRAINING01-03)+TOTAL EXPENDITURE PER PUPIL and ACT = F( 

TRAINING01-03)+TOTAL EXPENDITURE PER PUPIL do not indicate that training 

expenditure, taken alone, can be a reliable predictor of SAT/ACT achievement. 

Predictability of TAAS/TAKS based on HOF 

The effect of higher order thinking focus on TAKS/TAAS achievement controlling for 

wealth expressed can be expressed as: 

TAAS/TAKS = F(HOF) +TOTAL EXPENDITURE PER PUPIL 

where TAAS/TAKS=student scores on the 2001-2003 TAKS test, TOTAL EXPENDITURE 

PER PUPIL was total pupil expenditure for 2003, and HOF was the response of the technology 

director to a seven-item semantic differential question given below: 

HOT QUESTION: My district utilizes effective pedagogy to address higher order thinking skills. 

The response to this question would then be given in a range of 1 to 7, so the potential range for 

the HOT response was 1-7;  With a value of 1 indicating low levels of addressing higher order 

thinking and a 7 indicating high levels of addressing higher order thinking. Descriptive statistics 

for the HOT variable are presented in Figure 11. 
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Figure 11. HOF(HOT) descriptive statistics 

 This function is calculated for 2003 as: 

F(TAKS3)=(HOT) +TOTPUP3 (AS CONTROL) 

 This function was tested and showed no significant amount of the variance accounted for 

because it returned an R Square value of .002 when examined over the period of 2001-2003 as 

illustrated in Table 46. Additionally, none of the component pieces of the model showed a 

significant impact upon the dependent variable (TAKS3) when controlling for the others. 

Table 46 
 
Comparison of HOT Versus TAKS  
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Therefore,  TAAS/TAKS = F(HOF) +TOTAL EXPENDITURE PER PUPIL does not indicate 

that focus on higher order thinking, taken alone, can be a reliable predictor of TAAS/TAKS 

achievement. 

Impact of HOF on SAT/ACT 

The effect of higher order thinking focus on TAKS/TAAS achievement controlling for 

wealth can be expressed as: 

SAT/ACT = F(HOF) +TOTAL EXPENDITURE PER PUPIL 

This function was tested and showed no significant amount of the variance accounted for as it 

returned an R Square value of .019 (SAT03) and .006 (ACT03) when examined over the period 

of 2001-2003 as illustrated in Table 47. Additionally, none of the component pieces of the model 
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showed a significant impact upon the dependent variable (TAKS3) when controlling for the 

others. 

Table 47 
 
Comparison of HOT Versus SAT 
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Table 48 
 
Comparison of HOT Versus ACT 

 

 

 

 

Therefore,  SAT = F(HOF) +TOTAL EXPENDITURE PER PUPIL and ACT = F(HOF) 

+TOTAL EXPENDITURE PER PUPIL do not indicate that focus on higher order thinking, 

taken alone, can be a reliable predictor of SAT/ACT achievement. 

Predictability of TAAS/TAKS Based on HOFT 

The effect of higher order thinking focus on TAKS/TAAS achievement controlling for 

wealth expressed can be expressed as: 
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TAAS/TAKS = F(HOFT) +TOTAL EXPENDITURE PER PUPIL 

where TAAS/TAKS=student scores on the 2001-2003 TAKS test, TOTAL EXPENDITURE 

PER PUPIL was total pupil expenditure for 2003, and HOFT was the response of the technology 

director to a seven item semantic differential question given below: 

HOFT QUESTION: My district utilizes technology effectively to address higher order thinking 

skills. 

The response to this question would then be given in a range of 1 to 7, so the potential range for 

the THOT response was 1 to 7. Descriptive statistics for the THOT variable are presented in 

Figure 12. 

 

Figure 12. Descriptive statistics for THOT. 

 This function would be represented as: 

F(TAKS3)=(THOT) +TOTPUP3 (AS CONTROL) 
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 This function was tested and showed no significant amount of the variance accounted for 

because it returned an R Square value of .003 when examined over the period of 2001-2003 as 

illustrated in Table 49. Additionally, none of the component pieces of the model showed a 

significant impact upon the dependent variable (TAKS3) when controlling for the others. 

Table 49 
 
Comparison of HOFT Versus TAKS 

 

 

 

Therefore, TAAS/TAKS = F(HOFT) +TOTAL EXPENDITURE PER PUPIL does not indicate 

that using technology to address higher order thinking, taken alone, can be a reliable predictor of  

TAAS/TAKS achievement. 
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Predictability of SAT/ACT Based on HOFT 

The effect of technology assisted higher order thinking focus on SAT and ACT 

achievement controlling for wealth can be expressed as: 

SAT/ACT = F(HOFT) +TOTAL EXPENDITURE PER PUPIL 

where SAT=student scores on the 2003 SAT test (SAT3), ACT=student scores on the 2003 ACT 

test (ACT3) WEALTH was total pupil expenditure for 2003 (TOTPUP3), and HOFT (HOT) was 

the response of the technology director to a seven item semantic differential questions as 

mentioned in the HOFT versus TAAS/TAKS section. 

This function was tested and showed no significant amount of the variance accounted for as it 

returned an R Square value of .077 (SAT03) and .019 (ACT03) when examined over the period 

of 2001-2003 as illustrated in Table 50. Additionally, none of the component pieces of the model 

showed a significant impact upon the dependent variable when controlling for the others. 

Table 50 
 
Comparison of HOFT Versus SAT 
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Table 51 
 
Comparison of HOFT versus ACT 
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Therefore,  SAT = F(HOFT) +TOTAL EXPENDITURE PER PUPIL and ACT = F(HOFT) 

+TOTAL EXPENDITURE PER PUPIL do not indicate that using technology to address higher 

order thinking, taken alone, can be a reliable predictor of SAT/ACT achievement. 

Predictability of  TAAS/TAKS  Based on SIZE 

The effect of size on TAKS/TAAS achievement controlling for wealth can be expressed 

as: 

TAAS/TAKS = F(SIZE) +TOTAL EXPENDITURE PER PUPIL 

where TAAS/TAKS=student scores on the 2001-2003 TAKS test (TAKS3),  TOTAL 

EXPENDITURE PER PUPIL was total pupil expenditure for 2001-2003 (TOTPUP3), and SIZE 

was the enrollment size of the district. 

 This function would be calculated for the 2003 school year as: 

F(TAKS3)=(POP3) +TOTPUP3 (AS CONTROL) 

 This function was tested and showed no significant amount of the variance accounted for 

because it returned an R Square value of .031 when examined over the period of 2001-2003 as 

illustrated in Table 52. Additionally, none of the component pieces of the model showed a 

significant impact upon the dependent variable (TAKS3) when controlling for the others. 



 111

Table 52 
 
Size of Student Population versus TAKS Achievement 

 

 

 

Therefore,  F  SAT = (SIZE) +WEALTH does not indicate that using technology to address 

higher order thinking, taken alone, can be a reliable predictor of TAAS/TAKS achievement. 

Predictability of  SAT/ACT  Based on SIZE 

The effect of size on TAKS/TAAS achievement controlling for wealth can be expressed 

as: 

SAT/ACT = F(SIZE) +TOTAL EXPENDITURE PER PUPIL 
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where SAT=student scores on the 2001-2003 SAT test, ACT=student scores on the 2001-2003 

ACT test, TOTAL EXPENDITURE PER PUPIL was total pupil expenditure for 2001-2003, and 

SIZE was the enrollment size of the district. 

 This function would be calculated for the 2003 school year as: 

SAT3 = F(POP3) +TOTPUP3 

ACT3 = F(POP3) +TOTPUP3 

where SAT=student scores on the 2003 SAT test (SAT3), ACT=student scores on the 2003 ACT 

test (ACT3), TOTPUP3 was total pupil expenditure for 2003, and POP3 was the district 

enrollment for the 2003 school year. 

This function was tested and showed no significant amount of the variance accounted for as it 

returned an R Square value of .015 (SAT03) and .038 (ACT03) when examined over the period 

of 2001-2003 as illustrated in Table 53. Additionally, none of the component pieces of the model 

showed a significant impact upon the dependent variable (TAKS3) when controlling for the 

others. 

Table 53 
 
Size of Student Population Versus SAT Achievement 
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Table 54 
 
Size of Student Population versus Student Achievement on ACT 
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Therefore SAT3 = F(POP3) +TOTPUP3 and ACT3 = F(POP3) +TOTPUP3 do not indicate that 

using technology to address higher order thinking, taken alone, can be a reliable predictor of 

SAT/ACT achievement. 

Combined Effects 

Predictability of  TAAS/TAKS and SAT/ACT based on SOFTWARE01-03 and HARDWARE01-03 

The combined effect of software on TAKS/TAAS achievement controlling for wealth can 

be expressed as: 

TAKS =F(SOFTWARE01-03+HARDWARE01-03) +TOTAL EXPENDITURE PER PUPIL 

where TAAS/TAKS=student scores on the 2001-2003 TAKS test (replicated for 2001-2002 

TAAS, SAT, and ACT), software (SOFTWARE01-03) was the base 10 logarithm of per pupil 

expenditure for 2001 (LGSWST01), 2002 (LGSWST02), and 2003 (LGSWST03), hardware 

(HARDWARE01-03) was the base 10 logarithm of per pupil expenditure for 2001 (LGHSTU1), 

2002 (LGHSTU2), and 2003 (LGHSTU3) and  TOTAL EXPENDITURE PER PUPIL was total 

pupil expenditure for 2001-2003. 

 This function would be calculated for 2003 TAKS as: 
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                   TAKS3 = F{(LGSWST01 + LGSWST02 + LGSWST03}+ 
                 
      {(LGHSTU1) + (LGHSTU2) + (LGHSTU3)}+ (TOTPUP3) 

 

 This function was tested and showed no significant amount of the variance accounted for as it 

returned an R Square value of .066 (TAKS3), .218 (TAAS2), and .178 (TAAS1) when examined 

over the period of 2001-2003 as illustrated in Tables 55 and 56. Similar non significant R Square 

values were obtained when examined for SAT01-03 and ACT01-03 were examined. 

Additionally, none of the component pieces of the model showed a significant impact upon the 

dependent variable (TAKS3) when controlling for the others. 

Table 55 
 
Predictability of  TAKS Based on Software and Hardware Expenditure 
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Table 56 
 
Predictability of  2002 TAAS Based on Software and Hardware Expenditure 
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Table 57 
 
Predictability of  2001 TAAS Based on Software and Hardware Expenditure 
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Therefore it could be determined that in the function: 
 

TAKS =F(SOFTWARE01-03+HARDWARE01-03) +TOTAL EXPENDITURE PER PUPIL 

software and hardware expenditures can not be said to reliably predict scores on SAT, ACT, 

TAAS, and TAKS when  TOTAL EXPENDITURE PER PUPIL is controlled. 
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Predictability of  TAAS/TAKS and SAT/ACT Based on SOFTWARE01-03 and  TRAINING01-03. 

The combined effect of software and training expenditures on TAKS/TAAS/SAT/ACT 

achievement controlling for wealth can be expressed as: 

TAKS    =F( SOFTWARE01-03+ TRAINING01-03) + TOTAL EXPENDITURE PER PUPIL                                  

where TAKS (replicated by TAAS for 2001 and 2002, SAT for 2001-2003, and ACT for 2001-

2003)=student scores on the 2003 TAKS test (TAKS3), software (SOFTWARE01-03) was the 

base 10 logarithm of per pupil expenditure for 2001 (LGSWST01), 2002 (LGSWST02), and 

2003 (LGSWST03), training (TRAINING01-03) was the base 10 logarithm of per pupil 

expenditure for 2001 (LGTSTU1), 2002 (LGTSTU2), and 2003 (LGTSTU3)and TOTAL 

EXPENDITURE PER PUPIL was total pupil expenditure for 2001-2003. 

 This function is calculated for 2003 TAKS as: 

                   TAKS3 =F {(LGSWST01 + LGSWST02 + LGSWST03}+ 
                {(LGTSTU1) + (LGTSTU2) + (LGTSTU3)}+ (TOTPUP3) 
 

 This function was tested and accounted for 44 % of the variance because it returned an R Square 

value of .444 (TAKS3), which was significant at the .07 level when examined over the period of 

2001-2003.  Insufficient degrees of freedom were available to determine impact upon SAT 

scores. ACT01-03 scores were examined and showed no model level significance although 

patterns among component pieces of the model showed a significant negative impact upon all 

dependent variables (TAKS3)(SAT3)(ACT3) when controlling for the others. This pattern of 

negative software expenditure impact and the positive effect of 2001 training expenditures is 

illustrated in Table 58 below: 



 120

Table 58 
 
Pattern of Negative Software Expenditure Impact and the Positive Effect of 2001 Training 
Expenditures 

 

This pattern indicates a significant influence of training in 2001 (LGTSTU1) upon TAKS 

achievement in 2003, and a strong influence in 2002 (LGTSTU1) when software expenditures 

are controlled. Likewise, software expenditures in 2001 (LGSWST01) have a significant 

negative impact upon all dependent variables. 

Table 59 
 
Predictability of 2003 TAKS Based Upon Software and Training Expenditures  
 

 



 121

 
 
 

Therefore it could be determined that in the function: 

TAKS    =F( SOFTWARE01-03+ TRAINING01-03) + TOTAL EXPENDITURE PER PUPIL                                   

software and training expenditure can be said to reliably predict scores on SAT, ACT, TAAS, 

and TAKS at the .07 confidence level when  TOTAL EXPENDITURE PER PUPIL                                        

is controlled. 

Predictability of  TAAS/TAKS and SAT/ACT Based on  HARDWARE01-03 and  TRAINING01-03 

The combined effect of hardware and training expenditures on TAKS/TAAS/SAT/ACT 

achievement controlling for wealth can be expressed as: 

TAKS = F(HARDWARE01-03+ TRAINING01-03) + TOTAL EXPENDITURE PER PUPIL            

This function is calculated for 2003 TAKS as: 

                   F  (SAT03/ACT03) = {(LGHSTU1 + LGHSTU2 + LGHSTU3}+ 
                               TAKS3            {(LGTSTU1) + (LGTSTU2) + (LGTSTU3)}+  
                                                        (TOTPUP3) 
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 This function was tested and accounted for 47 % of the variance because it returned an R Square 

value of .471 (TAKS3), which was significant at the .05 level when examined over the period of 

2001-2003. Insufficient degrees of freedom were available to determine impact upon SAT 

scores. ACT01-03 scores were examined and showed no model level significance although 

patterns among component pieces of the model showed a significant negative impact upon all 

dependent variables (TAKS3)(SAT3)(ACT3) when controlling for the others. This pattern of 

negative hardware expenditure impact and the positive effect of 2001 training expenditures as 

well as 2003 hardware purchases are illustrated in Table 60 below: 

Table 60 
 
Beta Values for Hardware and Training Expenditures  

 

This pattern indicates a significant influence of training in 2001 (LGTSTU1) upon TAKS 

achievement in 2003, and a strong influence in 2002 (LGTSTU2) when hardware expenditures 

are controlled. Likewise, hardware expenditures in 2001 (LGSWST01) have a significant 

negative impact upon all dependent variables, but hardware expenditures in 2003 did have a 

positive impact upon TAKS scores in 2003. 
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Table 61 
 
Predictability of 2003 TAKS Based Upon Hardware and Training Expenditures  
 

 

 

 
 
Table 62 
 
Predictability of 2003 ACT Based Upon Hardware and Training Expenditures  

 



 124

 

 

 

Therefore it is concluded that in the function: 

TAKS = F(HARDWARE01-03+ TRAINING01-03) + TOTAL EXPENDITURE PER PUPIL            

SWEXP and TEXP can be said to reliably predict scores on SAT, ACT, TAAS, and TAKS at the 

.05 confidence level when WEALTH is controlled. 

Predictability of TAAS/TAKS and SAT/ACT Based on HARDWARE01-03,  SOFTWARE01-03, 

and  TRAINING01-03. 

The combined effect of software, hardware, and training expenditures on 

TAKS/TAAS/SAT/ACT achievement controlling for wealth can be expressed as: 
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TAKS=F(SOFTWARE01-03+HARDWARE01-03+TRAINING01-03)+TOTAL EXPENDITURE 

PER PUPIL                

This function would be calculated for 2003 TAKS as: 

                                        TAKS3= F{(LGHSTU1 + LGHSTU2 + LGHSTU3}+ 
                                                       {(LGTSTU1) + (LGTSTU2) + (LGTSTU3)}+    
                                                       {(LGSWST01 + LGSWST02 + LGSWST03)+ 

        TOTPUP3 (AS CONTROL) 

Through analysis it was determined that roughly half of the variance of student achievement in 

2003 (R square=.501) could be determined as a function of expenditures in hardware, software, 

and training in 2001, 2002, 2003 when total expenditures in 2003 were included as a control. 

This relationship was significant at the .058 level.  It was determined that TOTPUP3 accounted 

for roughly 7% (R square .066) of the variance. The sample pattern of significance in component 

parts of the model emerges. This pattern for TAKS and ACT is illustrated in Table 63.  Please 

note that the some variables are excluded because of strong degrees of colinearity, and that SAT 

is not included due to a lack of sufficient degrees of freedom. 



 126

Table 63 
 
Patterns of Within Model Pearson Correlation Coefficients for TAKS and ACT 

 

Table 63 shows that 2001 training did have a significant positive impact upon scores on both the 

ACT and the TAKS in 2003 and 2002 training did have a positive (although much weaker) 

impact upon scores on the TAKS in 2003. The complete models for TAKS3 and ACT3 are given 

below: 

Table 64 
 
Predictability of TAKS Based on Software, Hardware, and Training Expenditures 
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When the control for 2003 expenditures was removed the significance dropped to .079. 

 
Table 65 
 
TAKS3 Regression Model Wihthout Controls 
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Table 66 
 
Predictability of ACT Based on Software, Hardware, and Training Expenditures 
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Therefore it could be determined that in the function: 

TAKS=F(SOFTWARE01-03+HARDWARE01-03+TRAINING01-03)+TOTAL EXPENDITURE 

PER PUPIL, software, hardware, and training expenditures can be said to reliably predict scores 

on SAT, ACT, TAAS, and TAKS at the .06 confidence level when WEALTH is controlled.  

Hypothesis 4: Summary 
Research Question: 
 
4. Are there significant relationships between subgroups of district technology expenditure and 

student scores on the Texas Assessment of Academic Skills (TAAS), Texas Assessment of 

Knowledge And Skills (TAKS), Scholastic Aptitude Test (SAT), and American College Test 

(ACT) in Texas public schools? 

 
Null Hypothesis: 
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4. There is no overall significant relationship between subgroups of district technology  
 
     Expenditure (software, hardware, and training) and student scores on TAAS, TAKS, SAT,  
 
    and ACT in Texas public  schools. 
 
The data for this question were corrected for skew and kurtosis using a base 10 logarithm.  The 

question was tested using several Pearson, Kendall’s tau, and Spearman two-tail correlations as 

well as multiple regression analysis.  

Alternative Hypothesis: 

4a. The sample’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology expenditures  

on hardware. 

  

Findings: 

TAKS achievement over the period of 2001-2003 did not vary significantly due to district 

hardware expenditures returning an R-squared value of .056 and an adjusted R-square value of -

.084. 

Alternative Hypothesis: 

4b. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on hardware. 

Findings: 

SAT achievement over the period of 2001-2003 did not vary significantly due to district 

hardware expenditures returning an R-squared value of .087 and an adjusted R-square value of 

 -.087. 



 131

ACT achievement over the period of 2001-2003 did not vary significantly due to district 

hardware expenditures returning an R-squared value of .127 and an adjusted R-square value of 

 -.007. 

Alternative Hypothesis: 

4c. The sample’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology expenditures  

on software. 

Findings: 

TAKS achievement over the period of 2001-2003 did not vary significantly due to district 

software expenditures returning an R-squared value of .053 and an adjusted R-square value of  

-.088. 

Alternative Hypothesis: 

 4d. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on software. 

Findings: 

SAT achievement over the period of 2001-2003 did not vary significantly due to district 

software expenditures returning an R-squared value of .086 and an adjusted R-square value of  

-.088. 

ACT achievement over the period of 2001-2003 did not vary significantly due to district 

software expenditures returning an R-squared value of .125 and an adjusted R-square value of 

 -.010. 

Alternative Hypothesis: 
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4e. The sample’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology expenditures  

on technology training. 

Findings: 

TAKS achievement over the period of 2001-2003 did not vary significantly due to district 

technology training expenditures returning an R-squared value of .118 and an adjusted R-square 

value of -.035. 

Alternative Hypothesis: 

 4f. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on technology training. 

Findings: 

SAT achievement over the period of 2001-2003 did not vary significantly due to district 

technology training expenditures returning an R-squared value of .144 and an adjusted R-square 

value of -.047. 

ACT achievement over the period of 2001-2003 did not vary significantly due to district 

technology training expenditures returning an R-squared value of .087 and an adjusted R-square 

value of -.079. 

Alternative Hypothesis: 

4g. The sample’s achievement scores on state assessment tests (2001 and  2002 TAAS 

and 2003 TAKS) vary across the years 2001-2003 due to technology expenditures on hardware 

and software. 

Findings: 
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2003 TAKS achievement did not vary significantly due to district hardware and software 

expenditures for 2001-2003 returning an R-squared value of .066 and an adjusted R-square value 

of -.114.  

2002 TAAS achievement did not vary significantly due to district hardware and software 

expenditures for 2001-2002 returning an R-squared value of .218 and an adjusted R-square value 

of .067.  

2001 TAAS achievement did not vary significantly due to district hardware and software 

expenditures for 2001 returning an R-squared value of .178 and an adjusted R-square value of 

.020.  

Alternative Hypothesis: 

 4h. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on hardware and software. 

Findings: 

Insufficient degrees of freedom were present to test SAT achievement over the period of 

2001-2003. 

2003 ACT achievement did not vary significantly due to district hardware and software 

expenditures for 2001-2003 returning an R-squared value of .168 and an adjusted R-square value 

of .040.  

2002 ACT achievement did vary significantly due to district hardware and software 

expenditures for 2001-2002 returning an R-squared value of .305 and an adjusted R-square value 

of .202. This was significant at the .038 level.  
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2001 ACT achievement did not vary significantly due to district hardware and software 

expenditures for 2001 returning an R-squared value of .145 and an adjusted R-square value of 

.018.  

Alternative Hypothesis: 

4i. The sample’s achievement scores on state assessment tests (2001 and  

2002 TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology  

expenditures on hardware, software, and training. 

Findings: 

2003 TAKS achievement did vary significantly due to district hardware, software, and 

training expenditures returning an R-squared value of .501 and an adjusted R-square value of 

.291. This was significant at the .058 level. 

2002 TAAS achievement did not vary significantly due to district hardware, software, 

and training expenditures for 2001-2002 returning an R-squared value of .253 and an adjusted R-

square value of .128.  

2001 TAAS achievement did not vary significantly due to district hardware, software, 

and training expenditures for 2001 returning an R-squared value of .138 and an adjusted R-

square value of .071.  

Alternative Hypothesis: 

 4j. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on hardware, software, and training. 

Findings: 
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Insufficient degrees of freedom were present to test SAT achievement over the period of 

2001-2003. 

2003 ACT achievement did not vary significantly due to district hardware, software, and 

training expenditures returning an R-squared value of .345 and an adjusted R-square value of 

.054.  

2002 ACT achievement did vary significantly due to district hardware, software, and 

training expenditures returning an R-squared value of .414 and an adjusted R-square value of 

.286. This was significant at the .023 level.  

2001 ACT achievement did not vary significantly due to district hardware and software 

expenditures returning an R-squared value of .118 and an adjusted R-square value of .050. 

Alternative Hypothesis:  

4k. The sample’s achievement scores on state assessment tests (2001 and  

2002 TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology  

expenditures on hardware, software, training, and level of district focus on addressing 

higher order thinking skills through technologically assisted means . 

Findings: 

Insufficient degrees of freedom were present to test state achievement for these variables 

over the period of 2001-2003. 

Alternative Hypothesis: 

 4l. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on hardware, software, training and level of district focus on 

addressing higher order thinking skills through technologically assisted means . 
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Findings: 

 Insufficient degrees of freedom were present to test state achievement for these 

variables over the period of 2001-2003. 

Conclusion: 

None of the main effects, hardware expenditure, software expenditure, training expenditure, 

higher order focus with technology or controls such as size, total expenditure, traditional higher 

order focus was found to be a reliable predictor of achievement. However, several combined 

effects were found to be significant when total per pupil expenditures were controlled: 

1. The impact of district hardware, software, and training expenditures over 2001 and 

2002 was found to account for 41% of the variance in 2002 ACT achievement as it returned a R-

square value of .414 and an adjusted R-square value of .286, this result was significant at the 

.023 level.  

2. The impact of hardware and training expenditures over 2001-2003 was found to 

account for 47% of the variance in TAKS achievement as it returned an R-square value of .471 

and an adjusted R-square value of .286; this result was significant at the .05 level. 

3. The impact of district hardware and software expenditures over 2001 and 2002 was 

found to account for 30% of the variance in 2002 ACT achievement as it returned an R-squared 

value of .305 and an adjusted R-square value of .202; this result was significant at the .038 level. 

4. The impact of software expenditures and training expenditures over 2001-2003 was 

found to account for 44% of the variance in 2003 TAKS achievement as it returned an R-square 

value of .444 and an adjusted R-square value of .249; this result was significant at the .07 level. 



 137

5. The impact of district hardware, software, and training expenditures over 2001-2003 

was found to account for 50% of the variance in 2003 TAKS achievement as it returned an R-

square value of .471; this result was significant at the .058 level. 

 
The significant amount of variance accounted for (30-50%) across combinations of 

technology expenditure indicates that there is adequate evidence to reject the null hypothesis and 

accept the alternate hypotheses that: 

1. (4h) The sample’s achievement scores on the 2002 American College Test (ACT) 

vary due to technology expenditures on hardware and software in 2001 and 2002. 

2. (4j). The sample’s achievement scores on the 2002 American  College Test 

(ACT) vary due to technology expenditures on hardware, software, and training in 

2001 and 2002. 

3. (4i). The sample’s achievement scores on the 2003 TAKS vary due to technology  

            expenditures on hardware, software, and training across the years 2001-2003. 
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CHAPTER 5 

SUMMARY OF FINDINGS, DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS 
 

Introduction 
 
 This study provides a foundation for further study in the area of technology expenditures 

versus student achievement. Although the relatively small (5% of population) sample in this 

study  may preclude generalizability of findings to the population of all Texas public school 

districts, the strength of the patterns established in the data acquired indicate that further analysis 

in this area could yield valuable information regarding minimal amounts of technology 

expenditure for a particular integration to be successful and perhaps general guidelines for levels 

of expenditure, schedules of acquisition of materials and equipment, and timeframes for training 

and implementation.  

Summary of Findings 
 
 This study examined the relationship between technology expenditures and achievement 

in Texas school districts. Dependent variables presented represent different measures of student 

“achievement” during the time period studied. These include the Texas Assessment of Academic 

Skills (TAAS), used as the state exam for 2001-2002; the Texas Assessment of Knowledge And 

Skills (TAKS), adopted in 2003 and designed to address higher order thinking,” and the 

Scholastic Aptitude Test (SAT), and American College Test  (ACT). The null hypothesis of each 

research question is presented below along with the findings that support or fail to support the 

alternative hypothesis.  

Null Hypothesis: 
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1. There is no overall significant relationship between total district expenditures and  
 
     student scores on TAAS, TAKS, SAT, and ACT in Texas public schools. 

The question was tested using several Pearson, Kendall’s tau, and Spearman two-tail correlations 

as well as multiple regression analysis. 

 Alternative Hypothesis: 

 1a. The sample population’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to total district  

expenditures (all monies spent on educating a child). 

Findings: 

The correlation coefficients for 2003 TAKS achievement indicators were r =.089 for 2003 

expenditures with an effect size of d=.18, r =.108 for 2002 expenditures with an effect size of 

d=.22, and r =.035 with an effect size of d=.07 for 2001 expenditures. Similar results were 

obtained, with Kendall’s tau and Spearman correlations returning no correlation coefficient 

greater than .035. 

Alternative Hypothesis: 

 1b. The sample population’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

total district expenditures (all monies spent on educating a child). 

Findings: 

The correlation coefficients for 2003 ACT achievement indicators were r =.124 with an effect 

size of d=.25 for 2003 expenditures, r =.023 with an effect size of d=.05 for 2002 expenditures, 

and r =-.169 with an effect size of d=.34 for 2001 expenditures. The correlation coefficients for 

2003 SAT achievement indicators were r =.042 with an effect size of d=.08 for 2003 
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expenditures, r =.008 with an effect size of d=.02 for 2002 expenditures, and r =-.156 with an 

effect size of d=.32 for 2001 expenditures.  

Conclusion: 

There is insufficient evidence to reject the null hypothesis. 

Null Hypothesis: 

2. There is no overall significant relationship between total district technology  expenditures and  
 
student scores on TAAS, TAKS, SAT, and ACT in Texas public  schools. 
 
The data for this question were corrected for skew and kurtosis using a base 10 logarithm.  The 

question was tested using several Pearson, Kendall’s tau, and Spearman two-tail correlations as 

well as multiple regression analysis.  

 
Alternative Hypothesis: 

 2a. The sample population’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to total district  

technology expenditures (technology monies spent on educating a child). 

Findings: 

A significant positive relationship was found for 2001 technology expenditures and 2003 student 

achievement. This relationship had a Pearson correlation coefficient of r =.385 with an effect 

size of d=.85 (n=30), which was significant at the .03 level. There were no other significant 

correlations between total technology expenditure and 2001or 2002 TAAS achievement No 

significant linear relationships were established through linear regression, with no significant 

amount of variance being attributable to the independent variables. 

Alternative Hypothesis: 

 2b. The sample population’s achievement scores on the 2001-2003 Scholastic Aptitude  
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Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

total district expenditures (technology monies spent on educating a child). 

Findings: 

A significant negative relationship was found for 03 and 02 total technology expenditures and 

2003 student achievement on the SAT and ACT. This relationship had a Pearson correlation 

coefficient of r =-.338 for 2003 technology per pupil expenditure versus 2003 SAT achievement 

and a Pearson correlation coefficient of r =-.317 for 03 technology per pupil expenditure versus 

2003 ACT achievement. The 2002 expenditure versus 2003 achievement relationship had a 

Pearson correlation coefficient of r =-.389 for 2002 technology per pupil expenditure versus 

2003 SAT achievement and a Pearson correlation coefficient of r =-.244 for 2002 technology per 

pupil expenditure versus 2003 ACT achievement.  

Conclusion: 

Significant correlations between 2001 technology expenditures and 2003 TAKS scores according 

to Pearson (r=.385 p=.036) with an effect size of d=.85, Kendall (r=.306 p=.018), and Spearman 

(r=.452 p=.012) are judged to be sufficient evidence to reject the null hypothesis and conclude 

that a relationship between total technology expenditure and achievement exists. 

Null Hypothesis: 

3. There is no overall significant relationship between focus on higher order thinking  

    skills using traditional or technologically assisted means and student scores on TAAS,   

    TAKS, SAT, and ACT in Texas public schools. 

The data for this question were corrected for skew and kurtosis using a base 10 logarithm.  The 

question was tested using several Pearson, Kendall’s tau, and Spearman two-tail correlations as 

well as multiple regression analysis.  
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Alternative Hypothesis: 

3a. The sample population’s achievement scores on 2003 TAKS vary due to district focus     

on addressing higher order thinking skills through traditional means. 

Findings: 

2003 TAKS achievement indicators did not vary significantly due to district focus on 

addressing higher order thinking skills through traditional means returning an R-squared value of 

.002 and an adjusted R-square value of -.048. 

Alternative Hypothesis: 

 3b. The sample population’s achievement scores on the 2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary  due to district focus on addressing  

higher order thinking skills through traditional means. 

Findings: 

2003 SAT achievement indicators did not vary significantly due to district focus on 

addressing higher order thinking skills through traditional means returning an R-squared value of 

-.019 and an adjusted R-square value of -.044. 

2003 ACT achievement indicators did not vary significantly due to district focus on 

addressing higher order thinking skills through traditional means returning an R-squared value of 

-.006 and an adjusted R-square value of -.047. 

Alternative Hypothesis: 

3c. The sample population’s achievement scores on 2003 TAKS vary due to district focus 

 on addressing higher order thinking skills through technologically assisted means. 

Findings: 
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2003 TAKS achievement indicators did not vary significantly due to district focus on 

addressing higher order thinking skills through technologically assisted l means returning an R-

squared value of .003 and an adjusted R-square value of -.047. 

Alternative Hypothesis: 

 3d. The sample population’s achievement scores on 2003 Scholastic Aptitude Test (SAT) 

 and American  College Test (ACT) vary due to district focus on addressing higher order  

 thinking skills through technologically assisted means. 

Findings: 

2003 SAT achievement indicators did not vary significantly due to district focus on 

addressing higher order thinking skills through technologically assisted  means returning an R-

squared value of .077 and an adjusted R-square value of .017. 

2003 ACTachievement indicators did not vary significantly due to district focus on 

addressing higher order thinking skills through technologically assisted means returning an R-

squared value of .019 and an adjusted R-square value of -.032. 

Conclusion: 

There was no significant relationship between student achievement and district higher order 

teaching focus and higher order teaching focus with technology as determined by the district 

technology director. The HOT focus was very weakly presented, with no Pearson correlation 

value of greater than .05 for HOT versus 2003 achievement. THOT returned slightly better 

(although not significant) values, with the lowest being .05 (TAKS) and the highest being .229 

(SAT). No significant amount of variance was accounted for using multiple regression. There is 

insufficient evidence to reject the null hypothesis. 

Null Hypothesis: 
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4. There is no overall significant relationship between subgroups of district technology  
 
     Expenditure (software, hardware, and training) and student scores on TAAS, TAKS, SAT,  
 
    and ACT in Texas public  schools. 
 
The data for this question were corrected for skew and kurtosis using a base 10 logarithm.  The 

question was tested using several Pearson, Kendall’s tau, and Spearman two-tail correlations as 

well as multiple regression analysis.  

Alternative Hypothesis: 

4a. The sample’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology expenditures  

on hardware. 

  

Findings: 

TAKS achievement over the period of 2001-2003 did not vary significantly due to district 

hardware expenditures returning an R-squared value of .056 and an adjusted R-square value of -

.084. 

Alternative Hypothesis: 

4b. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on hardware. 

Findings: 

SAT achievement over the period of 2001-2003 did not vary significantly due to district 

hardware expenditures returning an R-squared value of .087 and an adjusted R-square value of 

 -.087. 
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ACT achievement over the period of 2001-2003 did not vary significantly due to district 

hardware expenditures returning an R-squared value of .127 and an adjusted R-square value of 

 -.007. 

Alternative Hypothesis: 

4c. The sample’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology expenditures  

on software. 

Findings: 

TAKS achievement over the period of 2001-2003 did not vary significantly due to district 

software expenditures returning an R-squared value of .053 and an adjusted R-square value of  

-.088. 

Alternative Hypothesis: 

 4d. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on software. 

Findings: 

SAT achievement over the period of 2001-2003 did not vary significantly due to district 

software expenditures returning an R-squared value of .086 and an adjusted R-square value of  

-.088. 

ACT achievement over the period of 2001-2003 did not vary significantly due to district 

software expenditures returning an R-squared value of .125 and an adjusted R-square value of 

 -.010. 

Alternative Hypothesis: 
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4e. The sample’s achievement scores on state assessment tests (2001 and 2002  

TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology expenditures  

on technology training. 

Findings: 

TAKS achievement over the period of 2001-2003 did not vary significantly due to district 

technology training expenditures returning an R-squared value of .118 and an adjusted R-square 

value of -.035. 

Alternative Hypothesis: 

 4f. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on technology training. 

Findings: 

SAT achievement over the period of 2001-2003 did not vary significantly due to district 

technology training expenditures returning an R-squared value of .144 and an adjusted R-square 

value of -.047. 

ACT achievement over the period of 2001-2003 did not vary significantly due to district 

technology training expenditures returning an R-squared value of .087 and an adjusted R-square 

value of -.079. 

Alternative Hypothesis: 

4g. The sample’s achievement scores on state assessment tests (2001 and  2002 TAAS 

and 2003 TAKS) vary across the years 2001-2003 due to technology expenditures on hardware 

and software. 

Findings: 
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2003 TAKS achievement did not vary significantly due to district hardware and software 

expenditures for 2001-2003 returning an R-squared value of .066 and an adjusted R-square value 

of -.114.  

2002 TAAS achievement did not vary significantly due to district hardware and software 

expenditures for 2001-2002 returning an R-squared value of .218 and an adjusted R-square value 

of .067.  

2001 TAAS achievement did not vary significantly due to district hardware and software 

expenditures for 2001 returning an R-squared value of .178 and an adjusted R-square value of 

.020.  

Alternative Hypothesis: 

 4h. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on hardware and software. 

Findings: 

Insufficient degrees of freedom were present to test SAT achievement over the period of 

2001-2003. 

2003 ACT achievement did not vary significantly due to district hardware and software 

expenditures for 2001-2003 returning an R-squared value of .168 and an adjusted R-square value 

of .040.  

2002 ACT achievement did vary significantly due to district hardware and software 

expenditures for 2001-2002 returning an R-squared value of .305 and an adjusted R-square value 

of .202. This was significant at the .038 level.  
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2001 ACT achievement did not vary significantly due to district hardware and software 

expenditures for 2001 returning an R-squared value of .145 and an adjusted R-square value of 

.018.  

Alternative Hypothesis: 

4i. The sample’s achievement scores on state assessment tests (2001 and  

2002 TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology  

expenditures on hardware, software, and training. 

Findings: 

2003 TAKS achievement did vary significantly due to district hardware, software, and 

training expenditures returning an R-squared value of .501 and an adjusted R-square value of 

.291. This was significant at the .058 level. 

2002 TAAS achievement did not vary significantly due to district hardware, software, 

and training expenditures for 2001-2002 returning a R-squared value of .253 and an adjusted R-

square value of .128.  

2001 TAAS achievement did not vary significantly due to district hardware, software, 

and training expenditures for 2001 returning an R-squared value of .138 and an adjusted R-

square value of .071.  

Alternative Hypothesis: 

 4j. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on hardware, software, and training. 

Findings: 
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Insufficient degrees of freedom were present to test SAT achievement over the period of 

2001-2003. 

2003 ACT achievement did not vary significantly due to district hardware, software, and 

training expenditures returning an R-squared value of .345 and an adjusted R-square value of 

.054.  

2002 ACT achievement did vary significantly due to district hardware, software, and 

training expenditures returning an R-squared value of .414 and an adjusted R-square value of 

.286. This was significant at the .023 level.  

2001 ACT achievement did not vary significantly due to district hardware and software 

expenditures returning an R-squared value of .118 and an adjusted R-square value of .050. 

Alternative Hypothesis:  

4k. The sample’s achievement scores on state assessment tests (2001 and  

2002 TAAS and 2003 TAKS) vary across the years 2001-2003 due to technology  

expenditures on hardware, software, training, and level of district focus on addressing 

higher order thinking skills through technologically assisted means . 

Findings: 

Insufficient degrees of freedom were present to test state achievement for these variables 

over the period of 2001-2003. 

Alternative Hypothesis: 

 4l. The sample’s achievement scores on the 2001-2003 Scholastic Aptitude  

Test (SAT) and American  College Test (ACT) vary across the years 2001-2003 due to  

technology expenditures on hardware, software, training and level of district focus on 

addressing higher order thinking skills through technologically assisted means . 
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Findings: 

 Insufficient degrees of freedom were present to test state achievement for these 

variables over the period of 2001-2003. 

Conclusion: 

None of the main effects, hardware expenditure, software expenditure, training expenditure, 

higher order focus with technology or controls such as size, total expenditure, traditional higher 

order focus was found to be a reliable predictor of achievement. However, several combined 

effects were found to be significant when total per pupil expenditures were controlled: 

1.The impact of district hardware, software, and training expenditures over 2001 and 

2002 was found to account for 41% of the variance in 2002 ACT achievement as it returned an 

R-square value of .414 and an adjusted R-square value of .286; this result was significant at the 

.023 level.  

2. The impact of hardware and training expenditures over 2001-2003 was found to 

account for 47% of the variance in TAKS achievement as it returned an R-square value of .471 

and an adjusted R-square value of .286; this result was significant at the .05 level. 

3. The impact of district hardware and software expenditures over 2001 and 2002 was 

found to account for 30% of the variance in 2002 ACT achievement as it returned a R-squared 

value of .305 and an adjusted R-square value of .202, this result was significant at the .038 level. 

4. The Impact of software expenditures and training expenditures over 2001-2003 was 

found to account for 44% of the variance in 2003 TAKS achievement as it returned an R-square 

value of .444 and an adjusted R-square value of .249, this result was significant at the .07 level. 
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5. The impact of district hardware, software, and training expenditures over 2001-2003 

was found to account for 50% of the variance in 2003 TAKS achievement as it returned an R-

square value of .471; this result was significant at the .058 level. 

 
The significant amount of variance accounted for (30-50%) calculated using either R-

square or Cohen’s d across combinations of technology expenditure indicates that there is 

adequate evidence to reject the null hypothesis and accept the alternate hypotheses that: 

1. (4h) The sample’s achievement scores on the 2002 American College Test 

(ACT) vary due to technology expenditures on hardware and software in 2001 

and 2002. 

2. (4j). The sample’s achievement scores on the 2002 American  College Test 

(ACT) vary due to technology expenditures on hardware, software, and 

training in 2001 and 2002. 

3. (4i). The sample’s achievement scores on the 2003 TAKS vary due to 

technology expenditures on hardware, software, and training across the years 

2001-2003. 

4. (2a) The sample population’s achievement scores on state assessment tests 

(2001 and 2002 TAAS and 2003 TAKS) vary across the years 2001-2003 due 

to total district technology expenditures (technology monies spent on 

educating a child). 
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Discussion 

 As this study was conducted, it became apparent that there were some very strong 

patterns of relationship existed between technology expenditure and achievement. The first 

pattern of relationship of noted was the positive relationship between technology expenditures in 

2001 and TAKS achievement in 2003. This relationship was established both through the 

positive correlation of total technology expenditures in 2001 with achievement in 2003 and 

through the strong positive Beta values for training in the regression models. However, it quickly 

becomes apparent that as time progressed from 2001 to 2003, the positive relationships shift to 

negative relationships. For example, one can see how the Pearson Correlation for total 

technology expenditure for years 2000-2003 shifts from a p=.04 level value of R=.385 in 2001 to 

an insignificant p=.081 in 2003. This relationship is illustrated in Figure 13. 

 

 

Figure 13. Drop in Pearson correlations for training from 2001 to 2003. 

This pattern was also followed in the Beta coefficients of training in the regression models. The 

Beta values for training in combination with software, hardware and both hardware and software 
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show that training had a much greater impact in 2001, than it did in 2002, and that by 2003, 

training had become a negative factor in the equation.  

Table 67 

Patterns of Within Model Pearson Correlation Coefficients for TAKS and ACT 

 

Although the combinations did account for a large amount of variance in student achievement 

(TAKS3) over the time period, it becomes quite clear that the influence of training in providing a 

positive guiding force is significantly lessened. 
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Figure 14. Drop in training beta values from 2001 to 2003. 

 It is beyond the scope of this research project to determine potential causes for this 

dramatic negative shift, but two possibilities are presented. The first of these is that achievement 

is time dependent on technology expenditures.  In other words, the significance of the money 

spent on hardware, software, and training is dependent upon the lag time in which it is spent. The 

data in this study could be interpreted to indicate that for training, it is the monies spent years 

earlier that make the difference, whereas in equipment, it is the monies spent nearer to the year in 

which achievement is measured that had greater impact. The beta values for training in the 

regression model began with 2001 training with a value of 1.499, significant at the .035 level.  

This was followed by 2002 training with a value of 1.879, significant at the .041 level, and 

finished with a value of -2.602 significant at the .015 level. The beta values for hardware in the 

regression model began with 2001 hardware with a value of -1.411 significant at the .013 level, 

this was followed by 2002 hardware with a value of -2.12, which was not significant, and 

finished with a value of 2.188 significant at the .230 level. This potential interpretation is 

presented in Figure 15. 
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Figure 15. Hardware and software beta values in multiple regression for TAKS 2003 
achievement. 

Further study in this area may yield some useful information regarding the effective scheduling 

of expenditures to meet future needs. 

 A second possible reason for the relationship between expenditure and the negative shift 

might be due to the dramatic reduction in technology funding that occurred in Texas from 2001 

to 2003. This drop is illustrated in collected data through the transformed mean per pupil 

technology expenditures presented below in Figure 16 (originally presented in chapter 3). 
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Figure 16:  Drop in Transformed Mean Expenditures Per Pupil 

There was a disproportionate decrease in training expenditure over the period of 3 years. This 

drop in average expenditure was also indicated through data obtained through TEA and 

originally presented in chapter 2. This drop is illustrated in Figure 17. 
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Figure 17. Drop in average technology expenditures from 2000 to 2002 

This represented a drop in total technology expenditure of 25% from 2000 to 2002 and a more 

alarming drop of 35% in total technology training during the same period. The fact that this 

pattern of decreased expenditure mirrors very closely the significance of expenditure versus 
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achievement suggests that further research into minimum levels of expenditure versus 

achievement should  be conducted. 

 Finally, it should be noted that both these patterns are present in ACT achievement as 

well as TAKS achievement, with one significant difference. The beta values of ACT and SAT 

took a dramatic drop after 2001 and have not been significant since. 

 The needs of the districts as espoused by the technology directors seem to indicate that at 

least in terms of training the first cause may warrant further examination. These comments are 

presented in Appendix D. 

Conclusions 

 An examination of the relationships between technology expenditures and achievement in 

Texas districts shows no relationships between total expenditures or size on achievement. These 

relationships are present at the level of total technology expenditure (Hypothesis 2) and in 

subgroups of technology expenditure (Hypothesis 4), where it can be said that for these districts 

the linear function: 

TAKS =F HARDWARE01-03+TOTAL EXPENDITURE PER PUPIL 

can be said to reliably predict 47% (R Square Value of .472) of  the on achievement (district 

TAKS scores on all tests by all students testing) variance on the 2003 TAKS a value significant 

at the .05 level. For these districts, it can be said that the linear function: 

ACT02=F(SOFTWARE01-02+HARDWARE01-02+TRAINING01-02) + TOTAL EXPENDITURE 

PER PUPIL           
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Can be said to reliably predict 41% of the variance in 2002 ACT achievement because it returned 

an R-square value of .414 and an adjusted R-square value of .286; this result was significant at 

the .023 level.  

It can also be said that for these districts the linear function: 

TAKS    =F( SOFTWARE01-03+ TRAINING01-03) + TOTAL EXPENDITURE PER 
PUPIL                             

                                        

can be said to reliably predict 44% (R Square Value of .444) of  the on achievement (district 

TAKS scores on all tests by all students testing) variance on the 2003 TAKS a value significant 

at the .07 level. Finally, it can be said that for these districts the linear function: 

TAKS=F(SOFTWARE01-03+HARDWARE01-03+TRAINING01-03) + TOTAL EXPENDITURE 

PER PUPIL                

can be said to reliably predict 50% (R Square Value of .501) of  the on achievement (district 

TAKS scores on all tests by all students testing) variance on the 2003 TAKS a value significant 

at the .058 level. It was also determined that WEALTH accounted for roughly 7% of the variance 

(R Square of .066), leaving us with a predictive equation of: 

TAKS=F(SOFTWARE01-03+HARDWARE01-03+TRAINING01-03) + TOTAL EXPENDITURE 

PER PUPIL =(43% OF TOTAL VARIANCE IN TAKS ACHIEVEMENT) 

that may serve as a starting point for structuring further investigation into the relationship 

between technology expenditures and student achievement. 
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Recommendations 

 Based on the processes and results of this study, the following recommendations are put 

forth for future studies regarding technology expenditures and achievement. 

1. The same study should be conducted with a group of Texas districts or another state 

large enough to be generalizable to the state as a whole. 

2. The same study should be conducted with an extended timeframe going back to 2000 

and forward to 2005. 

3. A similar study should be conducted in a state using a more nationally recognized test 

of fundamental skills such as the Iowa Test of Basic Skills. 

4. A qualitative analysis of comments in this study, should be conducted. 

Based on the processes and results of this study, the following recommendations are put forth for 

technology directors. 

1. Technology directors should examine technology expenditures longitudinally. Questions 

such as how long will it take for training to take effect, and what type of acquisition 

schedules should be utilized could be extremely relevant to the success of integration in 

your district. 

2. Technology directors should examine how changes in funding may force you to change 

your integration strategies. 

3. Technology directors should work to understand and control the funding relating to 

technology. It was alarming to the author to see how many technology directors could not 

answer simple finance questions regarding technology expenditures in their district. 
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In conclusion, although the mixture of uneven distribution of training, incentives, and 

equipment in these Texas districts clouds the issue of effective integration as it does for all 

districts (Anderson & Becker, 1998), and the mean level of per pupil technology expenditure for 

participating districts is of an amount ($192 per student) deemed unlikely to have substantial 

impact on student outcomes (Anderson & Becker, 1998), there are strong positive links between 

levels of expenditure and student achievement on the Texas Assessment of Knowledge and 

Skills and the American College Test that indicate that establishing guidelines for levels of 

expenditure, schedules of acquisition of materials and equipment, and timeframes for training 

and implementation may be vital to the success of technology integration in these districts and 

potentially for all districts in the nation.  More study into effective funding levels, schedules of 

acquisition of materials and equipment, and timeframes of implementation is necessary to create 

truly successful programs of technology integration in school districts.   
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FLYER REQUESTING DISTRICT PARTICPATION
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THE TEXAS ED-TECH SURVEY 

 
To the Administrator Addressed: 
 
 My name is Robert Hancock and I am a doctoral candidate in Educational 
Computing at the University of North Texas. I am currently working on my 
dissertation which examines technology expenditures versus achievement on 
TEKS, TAKS, and SAT exams. I would appreciate your participation in this effort 
by filling out a short survey (less than 5 minutes) with your estimated funds 
received and expenditures over the last year. I will then combine this information 
from all participating districts with state PEIMS data to paint a picture of 
expenditures versus achievement in Texas school districts.  The information you 
provide will remain confidential unless you specifically request that it is ok for it to 
be made public. In return for your participation I will be happy to send you a copy 
of general results, and how your district compares to other districts in terms of 
expenditures  per pupil versus return on investment. To fill out the survey simply 
go to: 
 

http://www.texasedtechsurvey.net 
 
Thank you for your assistance with this project, if you have any questions or 
comments please do not hesitate to call me at (972) 668-6124 or email me at 
rhancock@aubreyisd.net. 
 
 
        Robert Hancock 
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Technology Director’s Comments 
 

As part of the survey, district technology directors were asked to provide comments on the needs 

in their districts as far as technology was concerned. Noticeable trends were present in the areas 

of training, administrative support, and inadequate funding. Positive comments were definitely in 

the minority. Here are their comments: 

 

We are making a major effort to have multimedia teacher presentation stations in every 

classroom. Technology has to be a seamlessly integrated tool, we want it to be a seamless tool. 

Kids learn better with multimedia presentations. Sharing tools is not effective, every teacher 

must have equivalent access to technologies. 

 

Money for equipment is my only limitation. The most important thing I can do for my teachers is 

to put more equipment in my teachers hands and enable them to integrate effectively. Right now 

we are doing the best we can with what we have. We are lab based and it is not working. We 

need to get students beyond the sharing of computers in the classroom. The smart board allows 

one computer to be effectively shared during every class day, a lab is time of access divided. 

 

We need to have better presentation equipment and training to go along with that. We need smart 

boards or projectors. We need to make technology and multimedia more seamless. We would 

have more cooperation if they had direct access. We need 1 to 1 device to student access using 

some sort of digital device. 
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Technology is a tool that requires a great deal of training. We need more training access and 

more accountability from administration that training occurs and that integration occurs once 

training is completed. 

 

We need more training for teachers in classroom use of technology. We have the infrastructure 

but not the training. Teachers need to be motivated, especially our older teachers. Older teachers 

do not realize that it is a faster paced world. We need to buy additional training days for our 

teachers to be able to obtain and be paid for training. We need incentives and consequences. 

 

Time is critical in the training cycle as important as it is to assess we need more time to train and 

teach. We are being overwhelmed with testing. Teachers do not have time to innovate or learn to 

innovate because we are test-prepping too much. The state needs to support the long range plan 

for technology with funding not words. 

 

We need more money and time for training. We need more freedom to innovate. We do NOT 

need to tie funding for technology into curriculum at this time because that money will not be 

spent on technology because administrations are not sufficiently trained to 

make correct integration choices. 

 

We have not concentrated enough on teacher training, which I think accounts for our sluggish 

implementation. 
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We have no systematic replacement. We have spurt initiatives that are grant funded etc. We need 

consistency. This puts huge challenges on teachers. Finances are critical. The key is training. 

Teachers must be trained, but teachers being trained in-service is insufficient. We need better 

pre-service training and teachers need continuing training. Teachers teach in the same manner 

they were taught. They need to know the difference between integration and button pushing. We 

need teachers to use technology in a more natural manner. The entire training continuum must be 

addressed pre-service to practice. This not only for teachers but for administrators. It needs to be 

addressed in admin education and preparation as well. Teachers need to be allowed the freedom 

to innovate and this will not happen without systemic change. 

 

We need to increase funding, We need partnerships with corporations like Microsoft. 

Technology cannot replace teachers, it should be smoothly integrated. We should extend our 

efforts to integrate effectively. 

 

We need to have an instructional technologist on every campus. Technology is foreign to older 

teachers, teachers do not have time to learn technology, and an instructional technologist would 

be a major step in the right direction toward helping teachers train effectively. 

 

We need a integrated curriculum management system with staff development on the proper 

management of curriculum. Currently site based decision making is killing us, technology 

integration is not consistent from campus to campus. 
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We need more money, technology is expensive. We are only receiving cuts not assistance. We 

do not have the funds of property rich districts and you can see the kids achieving at a higher 

standard. Property poor districts do no have the ability to build and maintain infrastructure. 

 

We need to look at the state's and national long range plans, to meet their goals we need to get 

administrators to support technology. We need to provide more professional development. We 

need to shape the culture of education to meet today's needs. We need money to buy training 

time and rewards (stipends etc.) for teachers to learn to integrate effectively. 

 

Accountability is key to getting teachers to use technology. We must have money for 

MANDATORY training. 

 

The main problem is teacher usage, we need a budget to replace equipment, but we need 

accountability more and more adequate training and time off for training for staff, especially new 

teachers. 

 

The training and infrastructure we were able to build with TIF was invaluable. We are currently 

looking for other means to support our current infrastructure and expand to utilize distance 

learning to share resources for teaching and continual technology training. 

 

We are running technology about 10 years behind the curve. We have no money for our 

infrastructure (still running Windows 95) and no way to train. 

 



 173

We need more money. The state came out with a 10 year plan, they wanted us to have a one to 

one student computer ratio but gave us no money. Robin Hood hampers us. When a community 

supports a district they can pass bonds and this gives them an advantage.  

 

People are throwing a lot of money into hardware; they are not training teachers to incorporate 

technology into a lesson effectively. Attempting to get time from administrators to train teachers 

effectively is like pulling teeth. Without accountability there is no progress. 

 

The money spent does not carry through, we buy equipment, but do not follow through with 

training, software, upkeep costs, incentives, and oversight. Grants and bonds do not have follow 

up money to maintain the total cost of implementation and since local money rarely, if ever 

increases we are left trying to sustain initiatives with limied resources. Some teachers are moving 

forward, but there is no accountability to ensure that all teachers are required to move forward. 

 

Technology is a critical tool for learning, students need appropriate access so that they can be 

successful later in life. 

 

We have been very fortunate to receive a TIE and TIF grant during the period in question. The 

purchase of needed equipment along with the staff development provided for staff members and 

the implementation of effective practices has had a positive effect on student achievement. 
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We need TIF back !!! Losing TIF really hurt us. Everything coming from Austin is requirements 

not help. The grants are not helping with replacing hardware and training. We need money for 

training. If teachers do not have training they will not use technology. 

 

Technology is a necessity for our student's future, I want our policymakers to consider it a 

necessity. We need technology training materials for teachers and students. We need technology 

textbooks for our computer classes. 

 

Richer school districts have a lot of money to spend to get the tools they need. Poor school 

districts do not have the money to put tools into schools. European countries do a better job of 

supporting technology in their schools. We need more money for training and to keep our 

infrastructures intact. 

 

I wish that expenditures could fund more release and training time for teachers to use technology 

more effectively. Time is a four letter word. Teachers want to learn but are not given time to do 

so. 

 

We have a hard time getting funding. We were supported by TIF but the district does not have 

the funds to keep technology current and innovative. We cannot train or buy appropriate 

software with what we have. 

 



 175

We need more money for technology training in our schools. The state does not enforce its 

training requirements. Professional outsourced training is called for. The state is pitiful. We get 

requirements but no support. 

 

Expenditure makes a difference as long as you concentrate on teacher training, especially with 

older teachers. 

 

It is important to keep up with state requirements, but we keep getting more requirements and 

not much more money. 

 

Staff still looks at technology as an optional teaching tool.  Projection equipment is needed to 

adequately integrate technology into the classroom.  This equipment is an additional expense that 

is required of districts that have limited funds. 

 

Due to several initiatives in our district, the use of technology for "teaching and learning" and as 

an effective "instructional tool" has increased over 300% in the last 3 years. Effective use of 

higher level questioning strategies has more than doubled over the same period. Monitoring of 

these, and other, trends has been made possible through grant initiatives.  

 

Technology is just another tool to help teachers teach. It is not a God send than crosses into the 

realm of extreme educational experiences for our students. It is simply the "next new thing." 

Claims for today's technology sound a lot like the claims once made for radio and later 

television. Students learn from teachers. 
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We are not a rich school district, but we have used available funds well. Our test scores are good 

because we have a good student base and well educated and caring teachers. I am at this moment 

watching a language arts class word process original documents. There are far too many 

grammatical and syntax errors being made that are only corrected after the teacher brings them to 

the student's attention. Learning is going on while using the technology tool 

 

In some classes we are making great strides to implement technology, but the majority of our 

teachers do not feel comfortable and have not realized the potential of enrichment that 

technology offers.  Most of our budget is spent on maintaining the status quo rather than being 

able to move forward.  The last 5 years we have advanced greatly, but with the loss of TIFF and 

reduction of other State funds we are having trouble just maintaining our present posture. 

 

Two years ago we hired a district level Instructional Technology Specialist.  Also, now that our 

district requires 6 days of technology professional development for everyone each year, we have 

seen great increased in technology project based instruction.  All elementary schools now have 4 

computers per classroom, and secondary schools having rolling wireless labs.  This additional 

hardware, required training, and a district Instructional Technology Specialist have helped 

tremendously to increase the effective use of technology in our district.The greatest needs seem 

to be for incentives to motivate teachers to effectively use technology, and for increased training 

of teachers in the use of technology. 
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Technology is effectively used in grades K-12.  We have a good ratio of student to workstation 

use.  Our distance learning equipment was one of the best purchases for our district. 

 

Pedagogy is dependent on many things including training, experience, and expectations.  As long 

as the report cards for schools and students are so strongly based on standardized tests, the 

expectation will be to master the test and the pedagogy will follow to that expectation.  Will 

TAKS lead to higher order thinking skills...time will tell...but all previous standardized tests have 

not.  Therefore, most previous training, experience, and expectations have not been based on this 

and most educators follow their training, experience, and expectations.  The problem is that it is 

very difficult to assess on a standardized test, higher level thinking skills.  Technology that is 

based on assessment will continue to effectively pinpoint individual weaknesses and help create 

individualized instruction to improve those weaknesses.  Assessment technology does a great job 

of this for basic skills.   

 

Beyond assessment technology and drill and practice programs, the rest of the technology is 

fabulous for creating an atmosphere where higher order thinking is encouraged.   For our nation 

to survive, our pedagogy and what we value must change; but change in an educational 

institution and the expectation of the general public concerning what is needed in an information 

age instead of an industrial age is slow.  I can tell you that the teachers that utilize technology 

and are comfortable enough to try it, encourage students to use it and teach more higher-order 

thinking skills.  The more technology is readily available, the more comfortable teachers become 

with it (i.e. training and usage) and the more time students get to utilize technology to learn.  The 
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more often technology is utilized to learn, the more often it is effectively utilized for higher-order 

thinking skills.  

 

For higher-order thinking skills to become a priority (which it a must for our nation to succeed in 

an information age), we will have to increase all of these three elements, expectations, 

technology expenditures, and training.  Unfortunately, higher-order thinking expectations, 

training, and investments in the best equipment and support personnel to accomplish this for our 

future, the children, has always been an enrichment activity dependent upon the whims of those 

controlling the budgets:  whether they are local, state, or national.  Until the teaching of higher-

order thinking skills is seen as a necessity and not an enrichment activity, you will never get a 

true causal relationship of how specific types of technology are effective in teaching which 

higher-order thinking skills. 

 

In my district, we have become very adept at making do with what we have. So, while our 

technology may not be the best or pervasive in the classrooms, we have learned to make it work 

with our students. Therefore, there is not really a cause and effect between money for technology 

and what we're able to do. 

 

We have begun conducting walk-throughs observing our teachers and the initial impression is 

that all activity is at the basic level and addressing higher order thinking skills and technology 

integration is minimal. Although we have placed a significant emphasis on purchasing hardware, 

construction of a state-of-the-art infrastructure, and on staff development, and we have seen 

individuals who are using the resources, generally, the classrooms are still functioning as they 
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were before. The instructional emphasis is on passing the TAKS test using a scanner form. One 

comment made repeatedly is, "Technology is not on the TAKS test. We'll do some of that after 

we take the TAKS. We don't have time to do that now." A similar comment also heard often is, 

"We will do that when it is mandated." 

 

Responses to a survey recently conducted in the district suggest that the teachers still do not 

know what "technology integration looks like." They are not using the technology; therefore, 

they do not know how to use the technology. It is not the other way around. 

 

Technology expenditures have little to do with effective use of technology in our districts. The 

more training teachers receive on said technology the more that technology is used. Most of our 

teachers use electronic grade books. This is an effective use of technology but it does not 

necessarily affect their pedagogy. A teacher’s teaching style affects their use of technology in 

instruction more than any other factor. You can train some teachers to use the technology but are 

they going to use it more effectively. We do not mandate that our teachers use technology in the 

classroom because the same technology that helps some teachers actually can hinder others. 

Should students be learning technology skills? Without a doubt and I believe they should be 

incorporated into every subject. New teachers should be trained to use the technology effectively 

and often. But the same technology should not be forced on an effective teacher that does not 

rely on it. 
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Technology is a tool that could change the whole face of education. Technology is expensive and 

in order to function must have many areas addressed.  Network, teacher training, and support 

personnel must be considered. 

 

Throwing a few dollars in many different directions will NOT get the job done.  A definite dollar 

amount that can be depended on every year is needed. 

 

I believe that technology is the main tool that will save and improve public education in its 

ability to motivate all students.   

 

My district is not linking technology to anything.  The administration still views technology as a 

separate system that they all want but can't and will not integrate. 

 

We use technology in the secondary campuses at  a high order, but in the lower grades, needs 

development. 

 

My perceptions: As technology director of a small district, I have in my charge a vast range of 

duties. Those include everything from networking to training. From my point of view, our 

district expenditures in the last several years have been made to prepare for the use of 

technology. Although training has been ongoing, a small number of teachers have jumped on the 

bandwagon and actually used this incredible tool to help students gain content area knowledge. 

This has been, for the most part, due to inadequate hardware, software, and networking 

capabilities. In the last few years, we have upgraded all three of these areas and see a slight shift 
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toward the integration of technology in content areas. One last comment: There appears to be a 

relationship between administrator support, or lack there of, for the integration of technology. 

 

I believe there is a direct correlation between technology expenditures and student learning.  The 

more we are able to spend, the more our faculty and students utilize the technology.  

 

Because of the difference in use of technology from classroom to classroom, I believe it will be 

difficult to form a correlation. 

 

Expenditures have only recently become more inclusive of teacher training.  We have recognized 

the need to teacher the teachers and are responding accordingly.  Although most outside the 

district see the hardware numbers, the district's goal is to integrate the hardware numbers 

appropriately and in all areas, including the public sector.  

 

In addition, I believe the public's perception is clouded as they do not see the need for funding on 

infrastructure, mostly in the form of recurring costs.  Trying to partner with local or national 

carriers is often difficult and very expensive. 

 

Lack of understanding and embracement of technology by campus administrators is a major 

hindrance.  Also, the same holds true at the Central Administration level.   

 

As long as everyone has the tools they need to 1)check e-mail 2)search Internet and 3)use office 

productivity tools, then the vast majority of staff are fine.   
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The state has put a great emphasis on infrastructure purchasing.  The enormous amount of 

hardware, software and network stuff that has to be maintained takes away from the personnel 

resources needed to focus on fully integrating technology into instruction. 

 

Since the state stopped the TIF grants we have not made any big purchases so our equipment is 

getting obsolete.  We are asking our teachers to be more effective in the use of technology, but 

the equipment is not there to allow them to do so.  
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